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FOREWORD

The general philosophy underlying this Power Piping Code is to parallel those provisions of Section I, Power Boilers, oftheASMEBoiler andPressureVessel Code, as they canbeapplied topowerpiping systems. Theallowable stress values forpower piping are generally consistent with those assigned for power boilers. This Code is more conservative than someother piping codes, reflecting the need for long service life and maximum reliability in power plant installations.The Power Piping Code as currently written does not differentiate among the design, fabrication, and erection re-quirements for critical and noncritical piping systems, except for certain stress calculations and mandatory nondes-tructive tests of welds for heavy wall, high-temperature applications. The problem involved is to try to reach agreementon how to evaluate criticality, and to avoid the inference that noncritical systems do not require competence in design,fabrication, and erection. Someday such levels of qualitymay be definable, so that the need for themany different pipingcodes will be overcome.There are many instances where the Code serves to warn a designer, fabricator, or erector against possible pitfalls;however, the Code is not a handbook and cannot substitute for education, experience, and sound engineering judgment.NonmandatoryAppendices are included in the Code. Each contains information on a specific subject, and ismaintainedcurrentwith theCode. Althoughwritten inmandatory language, theseAppendices areoffered for application at theuser’sdiscretion.The Codenever intentionally puts a ceiling limit on conservatism. A designer is free to specifymore-rigid requirementsas he/she feels they may be justified. Conversely, a designer who is capable of applying a more complete and rigorousanalysis consistentwith the design criteria of this Codemay justify amethoddifferent from that specified in the Code, andstill satisfy the Code requirements.The Power Piping Committee strives to keep abreast of the current technological improvements in new materials,fabricationpractices, and testing techniques; andendeavors tokeep theCodeupdated topermit theuseof acceptablenewdevelopments.The 2020 edition of ASME B31.1 was approved by the American National Standards Institute on June 10, 2020.
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INTRODUCTION ð20Þ

The ASME B31 Code for Pressure Piping consists of anumber of individually published Sections, each an Amer-ican National Standard, under the direction of ASMECommittee B31, Code for Pressure Piping.Rules for each Section havebeendeveloped consideringthe need for application of specific requirements forvarious types of pressure piping. Applications consideredfor each Code Section includeB31.1 Power Piping: piping typically found inelectric power generating stations,industrial and institutional plants,geothermal heating systems, and centraland district heating and cooling systemsB31.3 Process Piping: piping typically found inpetroleum refineries; onshore andoffshore petroleum and natural gasproduction facilities; chemical,pharmaceutical, textile, paper, ore-processing, semiconductor, and cryogenicplants; food- and beverage-processingfacilities, and related processing plantsand terminalsB31.4 Pipeline Transportation Systems for LiquidsandSlurries: piping transportingproductsthat are predominately liquid betweenplants and terminals, andwithin terminalsand pumping, regulating, and meteringstationsB31.5 Refrigeration Piping and Heat TransferComponents: piping for refrigerants andsecondary coolantsB31.8 Gas Transmission and Distribution PipingSystems: piping transporting productsthat are predominately gas betweensources and terminals, includingcompressor, regulating, and meteringstations; and gas gathering pipelinesB31.9 Building Services Piping: piping typicallyfound in industrial, institutional,commercial, and public buildings, and inmulti-unit residences, which does notrequire the range of sizes, pressures, andtemperatures covered in ASME B31.1B31.12 Hydrogen Piping and Pipelines: piping ingaseous and liquid hydrogen service, andpipelines in gaseous hydrogen service

This is the B31.1 Power Piping Code Section. Hereafter,in this Introduction and in the text of this Code SectionB31.1, where the word Code is used without specific iden-tification, it means this Code Section.It is theowner’s responsibility to select theCodeSectionthat most nearly applies to a proposed piping installation.Factors to be considered by the owner include limitationsof the Code Section, jurisdictional requirements, and theapplicability of other codes and standards. All applicablerequirements of the selected Code Section shall be met.For some installations, more than one Code Section mayapply to different parts of the installation. The owner isalso responsible for imposing requirements supplemen-tary to those of the selected Code Section, if necessary, toassure safe piping for the proposed installation.Certain piping within a facility may be subject to othercodes and standards, including but not limited to– ASME Boiler and Pressure Vessel Code, Section III:nuclear power piping– ANSI Z223.1/NFPA 54 National Fuel Gas Code: pipingfor fuel gas from the point of delivery to the connection ofeach fuel utilization device– NFPA Fire Protection Standards: fire protectionsystems using water, carbon dioxide, halon, foam, drychemicals, and wet chemicals– NFPA 85 Boiler and Combustion Systems HazardsCode– building and plumbing codes, as applicable, forpotable hot and cold water, and for sewer and drainsystemsThe Code specifies engineering requirements deemednecessary for safe design, construction, operation, andmaintenance of pressure piping. While safety is the over-riding consideration, this factor alone will not necessarilygovern the final specifications for any piping installationor operation. The Code is not a design handbook. Manydecisions that must be made to produce a safe pipinginstallation and tomaintain system integrity arenot speci-fied in detailwithin this Code. TheCodedoesnot serve as asubstitute for sound engineering judgment by the ownerand the designer.To the greatest possible extent, Code requirements fordesign are stated in terms of basic design principles andformulas. These are supplemented as necessary with spe-cific requirements to ensure uniform application of prin-ciples and to guide selection and application of pipingelements. The Code prohibits designs and practicesknown to be unsafe and contains warnings wherecaution, but not prohibition, is warranted.
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The Code generally specifies a simplified approach formany of its requirements.For design and construction, a designer may choose touse a more rigorous analysis to develop design andconstruction requirements. When the designer decidesto take this approach, the designer shall provide to theowner details and calculations demonstrating thatdesign, construction, examination, and testing are consis-tent with the criteria of the Code. These details shall beadequate for the owner to verify the validity of theapproach and shall be approved by the owner. Thedetails shall be documented in the engineering design.For operation and maintenance, an owner may chooseto use amore rigorous approach to develop operation andmaintenance requirements. When the owner decides totake this approach, the owner shall provide details andcalculationsdemonstrating that such alternative practicesare consistent with the general philosophy of the Code.The details shall be documented in the operatingrecords and retained for the lifetime of the facility.This Code Section includes the following:
(a) references to acceptable material specificationsandcomponent standards, includingdimensional require-ments and pressure–temperature ratings
(b) requirements for design of components and assem-blies, including pipe supports
(c) requirements anddata for evaluationand limitationof stresses, reactions, and movements associated withpressure, temperature changes, and other forces
(d) guidance and limitations on the selection and appli-cation of materials, components, and joining methods
(e) requirements for the fabrication, assembly, anderection of piping
(f) requirements for examination, inspection, andtesting of piping
(g) requirements for operation and maintenance ofpiping systemsEitherU.S. Customary (USC)or International System(SI,also known asmetric) unitsmay be usedwith this edition.Local customary units may also be used to demonstratecompliance with this Code. One system of units should beused consistently for requirements applying to a specificinstallation. It is the responsibility of the organizationperforming calculations to ensure that a consistentsystem of units is used.It is intended that this edition of Code Section B31.1 notbe retroactive. Unless agreement is specifically madebetween contracting parties to use another edition, orthe regulatory body having jurisdiction imposes theuse of another edition, the latest edition issued at least6 months prior to the original contract date for thefirst phase of activity covering a piping system orsystems shall be the governing document for alldesign, materials, fabrication, erection, examination,and testing for the piping until the completion of thework and initial operation.

Users of this Code are cautioned against making use ofrevisions without assurance that they are acceptable tothe proper authorities in the jurisdiction where thepiping is to be installed.Code users will note that clauses in the Code are notnecessarily numbered consecutively. Such discontinuitiesresult from following a common outline, insofar as prac-ticable, for all Code Sections. In this way, correspondingmaterial is correspondingly numbered in most CodeSections, thus facilitating reference by those who haveoccasion to use more than one Section.The Code is under the direction of ASME CommitteeB31, Code for Pressure Piping, which is organized andoperates under procedures of The American Society ofMechanical Engineers that have been accredited by theAmerican National Standards Institute. The Committeeis a continuing one, and keeps all Code Sectionscurrent with new developments in materials, construc-tion, and industrial practice. New editions are publishedat intervals of two to five years.When no Section of the ASME Code for Pressure Pipingspecifically coversapiping system, at theuser’s discretion,he/shemay select any Section determined to be generallyapplicable. However, it is cautioned that supplementaryrequirements to the Section chosen may be necessary toprovide for a safe piping system for the intended applica-tion. Technical limitations of the various Sections, legalrequirements, and possible applicability of other codesor standards are some of the factors to be consideredby the user in determining the applicability of anySection of this Code.The Committee has established an orderly procedure toconsider requests for interpretation and revision of Coderequirements. To receive consideration, inquiriesmust bein writ ing and must give ful l part iculars (seeMandatory Appendix H covering preparation of technicalinquiries). The Committee will not respond to inquiriesrequesting assignment of a Code Section to a piping instal-lation.The approved reply to an inquirywill be sent directly tothe inquirer. In addition, the question and reply will bepublished on the ASME Interpretation Database.ACase is theprescribed formof reply toan inquirywhenstudy indicates that the Code wording needs clarificationor when the reply modifies existing requirements of theCode or grants permission to use new materials or alter-native constructions. The Case will be published on theB31.1 web page at http://cstools.asme.org/.The ASME B31 Standards Committee took action toeliminate Code Case expiration dates effective September21, 2007. Thismeans that all Code Cases in effect as of thisdate will remain available for use until annulled by theASME B31 Standards Committee.Materials are listed in the stress tables only when suffi-cient usage in pipingwithin the scope of the Code has beenshown. Materials may be covered by a Case. Requests for
xiv



listing shall includeevidenceof satisfactoryusageandspe-cific data to permit establishment of allowable stresses,maximum and minimum temperature limits, and otherrestrictions. Additional criteria can be found in the guide-lines for addition of new materials in ASME Boiler andPressure Vessel Code, Section II. (To develop usage
and gain experience, unlisted materials may be used inaccordance with para. 123.1.)Requests for interpretationandsuggestions for revisionshould be addressed to the Secretary, ASME B31Committee, Two Park Avenue, NewYork, NY 10016-5990.
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Following approval by the ASMEB31 Committee and ASME, and after public review, ASMEB31.1-2020was approved bythe American National Standards Institute on June 10, 2020.ASME B31.1-2020 includes the following changes identified by a margin note, (20).
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Chapter I
Scope and Definitions

100ð20Þ GENERALThis Power Piping Code is one of several Sections of TheAmerican Society of Mechanical Engineers (ASME) Codefor Pressure Piping, B31. This Section is published as aseparate document for convenience.Standards and specifications specifically incorporatedby reference into this Code are shown in Table 126.1-1. Itis not considered practical to refer to a dated edition ofeach of the standards and specifications in this Code.Instead, the dated edition references are included inMandatory Appendix F.
100.1ð20Þ ScopeRules for this Code Sectionhavebeendeveloped consid-ering the needs for applications that include piping typi-cally found in electric power generating stations,industrial and institutional plants, geothermal heatingsystems, and central and district heating and coolingsystems.

100.1.1 This Code prescribes requirements for thedesign, materials, fabrication, erection, examination,testing, inspection, operation, and maintenance ofpiping systems. Where service requirements necessitatemeasures beyond those required by this Code, suchmeasures shall be specified by the engineering design.Piping as used in this Code includes pipe, flanges,bolting, gaskets, valves, pressure-relieving valves/devices, fittings, and the pressure-containing portionsof other piping components, whether manufactured inaccordance with standards listed in Table 126.1-1 orspecially designed. It also includes hangers and supportsand other equipment items necessary to prevent over-stressing the pressure-containing components.Rules governing piping for miscellaneous appurte-nances, such as water columns, remote water level indi-cators, pressure gages, and gage glasses, are includedwithin the scope of this Code, but the requirements forboiler appurtenances shall be in accordance withASME Boiler and Pressure Vessel Code (BPVC), SectionI, PG-60.The users of this Code are advised that in some areaslegislation may establish governmental jurisdiction overthe subject matter covered by this Code. However, anysuch legal requirement shall not relieve the owner of

his/her inspection responsibilities specified inpara. 136.1.
100.1.2 Power piping systems as covered by this Codeapply to all piping and their component parts except asexcluded in para. 100.1.3. They include but are not limitedto steam, water, oil, gas, and air services.
(a) This Code covers boiler external piping as definedbelow for powerboilers and high-temperature, high-pres-surewater boilers inwhich steamor vapor is generated atapressureofmore than15psig [100kPa(gage)]; andhigh-temperature water is generated at pressures exceeding160 psig [1 103 kPa (gage)] and/or temperaturesexceeding 250°F (120°C).Boiler external piping shall be considered as piping thatbegins where the boiler proper terminates at
(1) the first circumferential joint for welding endconnections; or
(2) the face of the first flange in bolted flangedconnections; or
(3) the first threaded joint in that type of connection,and that extends up to and including the valve or valvesrequired by para. 122.1.The terminal points themselves are considered part ofthe boiler external piping. The terminal points and pipingex terna l to power bo i l e rs are i l lus t ra ted byFigures 100.1.2-1 through 100.1.2-8.Piping between the terminal points and the valve orvalves required by para. 122.1 shall be provided withData Reports, inspection, and stamping as required byASME BPVC, Section I. All welding and brazing of thispiping shall be performed by manufacturers or contrac-tors authorized to use the ASME Certification Mark andappropriateDesignators shown inASMECA-1, ConformityAssessment Requirements. The installation of boilerexternal piping by mechanical means may be performedby an organization not holding an ASME CertificationMark. However, the holder of a valid ASME CertificationMark, Certificate of Authorization, with an “S,” “A,” or “PP”Designator shall be responsible for thedocumentationandhydrostatic test, regardlessof themethodofassembly.Thequality control system requirements of ASME BPVC,Section I; ASME CA-1; and ASME QAI-1, Qualificationsfor Authorized Inspectors, shall apply.The valve or valves required by para. 122.1 are part ofthe boiler external piping, but do not require ASME BPVC,Section I inspection and stamping except for safety, safety
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Figure 100.1.2-1ð20Þ Code Jurisdictional Limits for Piping — An Example of Forced-Flow Steam Generators
With No Fixed Steam and Waterline
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Figure 100.1.2-2 ð20ÞCode Jurisdictional Limits for Piping — An Example of Steam Separator Type Forced-Flow
Steam Generators With No Fixed Steam and Waterline
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Figure 100.1.2-3ð20Þ Code Jurisdictional Limits for Piping — Drum-Type Boilers
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Figure 100.1.2-4 ð20ÞCode Jurisdictional Limits for Piping — Isolable Economizers Located in Feedwater Piping and Isolable Superheaters in Main Steam Piping
(Boiler Pressure Relief Valves, Blowoff, and Miscellaneous Piping for Boiler Proper Not Shown for Clarity)

NOTE: (1) With feedwater regulator located between the boiler and economizer, the economizer may be constructed using austenitic stainless steel (see ASME BPVC, Section I, Part PFE).
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relief, and relief valves; see para. 107.8.2. Refer to ASMEBPVC, Section I, PG-11.Pipe connectionsmeeting all other requirements of thisCode but not exceeding NPS 1∕2 (DN 15) may be welded topipe or boiler headers without inspection and stampingrequired by ASME BPVC, Section I.
(b) Nonboiler external piping includes all the pipingcovered by this Code except for that portion definedabove as boiler external piping.
100.1.3 This Code does not apply to the following:
(a) economizers, heaters, pressurevessels, andcompo-nents covered by Sections of the ASME BPVC.
(b) building heating and distribution steam andcondensate piping designed for 15 psig [100 kPa(gage)] or less, or hot water heating systems designedfor 30 psig [200 kPa (gage)] or less.
(c) piping for hydraulic or pneumatic tools and theircomponents downstream of the first block or stopvalve off the system distribution header.

(d) piping for marine or other installations underfederal control.
(e) towers, building frames, tanks, mechanical equip-ment, instruments, and foundations.
(f) piping included as part of a shop-assembled pack-aged equipment assembly within an ASME B31.1 Codepiping installation when such equipment piping isconstructed to another ASME B31 Code Section (e.g.,ASME B31.3 or ASME B31.9) with the owner’s approval.See para. 100.2 for a definition of packaged equipment.
100.1.4 Procedures.This Code does not provide proce-dures for flushing, cleaning, start-up, operating, or main-tenance. Code users are advised, however, that thecleaning and purging of flammable gas systems may besubject to the requirements of NFPA Standard 56.
100.1.5 Units of Measure. This Code states values inboth U.S. Customary (USC) and International System(SI, also known as metric) units. Within the text, the SIunits are shown in parentheses or in separate tables.Thevalues stated in eachsystemarenot exact equivalents;

Figure 100.1.2-5ð20Þ Code Jurisdictional Limits for Piping — Reheaters and Nonintegral Separately Fired Superheaters
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therefore, each system of units should be used indepen-dently of the other.When separate equations are provided for USC and SIunits, those equations shall be executed using variables inthe units associatedwith the specific equation. The resultsobtained from execution of these equations may beconverted to other units.When necessary to convert from one system of units toanother, conversion should be made by rounding thevalues to the number of significant digits of implied preci-sion in the starting value, but not less than four significantdigits for use in calculations.

100.2 ð20ÞDefinitionsSome commonly used terms relating to piping aredefined below. Terms related to welding generallyagree with AWS A3.0. Some welding terms are definedwith specified reference to piping. For welding termsused in this Code, but not shown here, definitions inAWS A3.0 apply.
alteration: a change in any item described in the originaldesign that affects the pressure-containing capability ofthe pressure-retaining component.
anchor: a rigid restraint providing substantially full fixa-tion, permitting neither translatory nor rotational dis-placement of the pipe.

Figure 100.1.2-6 ð20ÞCode Jurisdictional Limits for Piping — Spray-Type Desuperheater
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Figure 100.1.2-7ð20Þ Code Jurisdictional Limits for Piping — HRSG — Desuperheater Protection Devices
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Figure 100.1.2-8 ð20ÞCode Jurisdictional Limits for Piping — Firetube Boiler
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annealing: see heat treatments.
arcwelding: a group of welding processeswherein coales-cence is produced by heating with an electric arc or arcs,with or without the application of pressure and with orwithout the use of filler metal.
assembly: the joining together of two or more pipingcomponents by bolting, welding, caulking, brazing,soldering, cementing, or threading into their installedlocation as specified by the engineering design.
austenitizing: see heat treatments.
automaticwelding:weldingwithequipment thatperformsthe entire welding operation without constant observa-tion and adjustment of the controls by an operator.The equipment may or may not perform the loadingand unloading of the work.
backing ring: backing in the form of a ring that can be usedin the welding of piping.
ball joint: a component that permits universal rotationalmovement in a piping system.
base metal: the metal to be welded, brazed, soldered, orcut.
branch connection: the attachment of a branch pipe to therun of a main pipe with or without the use of fittings.
braze welding: a method of welding whereby a groove,fillet, plug, or slot weld is made using a nonferrousfiller metal having a melting point below that of thebase metals, but above 840°F (450°C). The filler metalis not distributed in the joint by capillary action.(Bronze welding, the name formerly used, is a misnomerfor this term.)
brazing: a metal joining process wherein coalescence isproduced by use of a nonferrous filler metal having amelting point above 840°F (450°C) but lower than thatof the base metals joined. The filler metal is distributedbetween the closely fitted surfaces of the joint by capillaryaction.
butt joint: a joint between two members lying approxi-mately in the same plane.
capacitor discharge welding (CDW): a stud arc weldingprocess in which DC arc power is produced by a rapiddischarge of stored electrical energy with pressureapplied during or immediately following the electricaldischarge. The process uses an electrostatic storagesystem as a power source in which the weld energy isstored in capacitors.
cold spring: the intentional movement of piping duringassembly to produce a desired initial displacement andreaction.
component: asused in this Code, is defined as consisting of,but not limited to, pipe, piping subassemblies, parts,valves, strainers, relief devices, fittings, pipe supports,and hangers.

specially designed component: a component designed inaccordance with para. 104.7.2.
standard component: a component manufactured inaccordance with one or more of the standards listed inTable 126.1-1.

covered piping systems (CPS): piping systems on whichcondition assessments are to be conducted. As aminimum for electric power generating stations, theCPS also include NPS 4 (DN 100) and larger piping inother systems that have a design temperature greaterthan 750°F (400°C) or a design pressure greater than1,025 psi (7.1 MPa).
creep strength enhanced ferritic steel: steel in which themicrostructure, consisting of lower transformationproducts such as martensite and bainite, is stabilizedby controlled precipitation of temper-resistant carbides,carbonitrides, and/or nitrides.
defect: a flaw (imperfection or unintentional disconti-nuity) of such size, shape, orientation, location, or proper-ties as to be rejectable.
discontinuity: a lack of continuity or cohesion; an interrup-tion in the normal physical structure of material or aproduct.
employer: theowner,manufacturer, fabricator, contractor,assembler, or installer responsible for the welding,brazing, and NDE performed by his/her organizationincluding procedure and performance qualifications.
engineering design: the detailed design developed fromprocess requirements and conforming to Code require-ments, including all necessary drawings and specifica-tions, governing a piping installation.
equipment connection: an integral part of such equipmentaspressurevessels, heat exchangers, andpumps,designedfor attachment of pipe or piping components.
erection: the complete installation of a piping system,including any field assembly, fabrication, testing, andinspection of the system.
examination: denotes the procedures for all nondestruc-tive examination. Refer to para. 136.3 and the definitionfor visual examination.
expansion joint: a flexible piping component that absorbsthermal and/or terminal movement.
fabrication: primarily, the joining of piping componentsinto integral pieces ready for assembly. It includesbending, forming, threading, welding, or other operationson these components, if not part of assembly. It may bedone in a shop or in the field.
face ofweld: the exposed surface of aweld on the side fromwhich the welding was done.
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failure: a physical condition that renders a system orcomponent unable to perform its intended function orfunctions or meet design and performance requirements,or that is a hazard to personnel safety.
failure analysis: the process of collecting and evaluatingdata to determine the damagemechanism ormechanismsand cause of a failure.
ferrousmaterial:metals and alloys that contain iron as theprincipal component.
filler metal: metal to be added in welding, soldering,brazing, or braze welding.
fillet weld: a weld of approximately triangular crosssection joining two surfaces approximately at rightangles to each other in a lap joint, tee joint, cornerjoint, or socket weld.
fire hazard: situation in which a material of more thanaverage combustibility or explosibility exists in the pres-ence of a potential ignition source.
flaw:an imperfectionorunintentionaldiscontinuity that isdetectable by a nondestructive examination.
full fillet weld: a fillet weldwhose size is equal to the thick-ness of the thinner member joined.
fusion: the melting together of filler metal and base metal,or of base metal only, that results in coalescence.
gas blow: a process to clean and remove debris from thegas supply piping by releasing gas (flammable or nonflam-mable) at a high pressure and velocity through the pipingsystem while venting to atmosphere.
gas purge: a process to purge air from the flammable gassupply piping, typically conducted at a low pressure andvelocity.
gaswelding: a group ofwelding processeswherein coales-cence is produced by heating with a gas flame or flames,with or without the application of pressure, and with orwithout the use of filler metal.
groove weld: a weld made in the groove between twomembers to be joined.
heat-affected zone: portion of the base metal that has notbeen melted, but whose mechanical properties or micro-structure has been altered by the heat of welding orcutting.
heat treatments:
annealing, full: heating ametal or alloy to a temperatureabove the transformation temperature range for thatmaterial and holding above the range for a properperiod of time, followed by cooling to below thatrange. (A softening treatment is often carried out justbelow the transformation range, which is referred toas a subcritical anneal.)
austenitizing: forming austenite by heating steel abovethe transformation range.

normalizing: a process in which a ferrous metal isheated to a suitable temperature above the transforma-tion range for that material and is subsequently cooled instill air at room temperature.
postweld heat treatment (PWHT): any heat treatmentsubsequent to welding. PWHT often refers to a generalheat treatment applied to provide tempering, stressrelieving, or a controlled rate of cooling to prevent forma-tion of a hard or brittle microstructure.
preheating: the application of heat to a base metalimmediately prior to a welding or cutting operation.
stress-relieving: uniform heating of a structure orportion thereof to a sufficient temperature below thetransformation temperature range for that material torelieve themajor portion of the residual stresses, followedby uniform cooling.
subcritical heat treatment: a general heat-treatingprocess where ferritic or martensitic steel is heated toa temperature below the temperature at which austenitebegins to form.
tempering: reheating a quench-hardened or normalizedsteel to a temperature below the temperature at whichaustenite begins to form, and then cooling at anydesired rate.

imperfection: a condition of being imperfect; a departureof a quality characteristic from its intended condition.
indication: the response or evidence from the applicationof a nondestructive examination.
linear indication: an indication that has a length greaterthan 3 times its width.
rounded indication: an indication of circular or ellipticalshape that has a length equal to or less than 3 times itswidth.

inert gas metal arc welding: an arc welding processwherein coalescence is produced by heating with an elec-tric arc between ametal electrode and thework. Shieldingis obtained from an inert gas, such as helium or argon.Pressure may or may not be used and filler metal mayor may not be used.
inspection: denotes the activities performed by an Author-ized Inspector, or an owner’s Inspector, to verify that allrequired examinations and testing have been completed,and to ensure that all the documentation for material,fabrication, and examination conforms to the applicablerequirements of this Code and the engineering design.
integrally reinforced branch outlet fitting: a branch outletfitting that is welded directly to a run pipe, where thebranch fitting and the deposited weld metal used toattach the fitting to the run pipe are designed by thefitting manufacturer to provide all the reinforcementrequired by this Code without the addition of separatesaddles or pads. The attachment of the branch pipe tothe fitting is by butt welding, socket welding, threading,or a flanged connection. Integrally reinforced branch
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outlet fittings include those fittings conforming toMSS SP-97.
joint design: the joint geometry togetherwith the requireddimensions of the welded joint.
joint penetration: the minimum depth of a groove weldextends from its face into a joint, exclusive of reinforce-ment.
low energy capacitor discharge welding: a resistancewelding process wherein coalescence is produced bythe rapid discharge of stored electric energy from alow voltage electrostatic storage system.
maintenance: actions required to assure safe, reliable, andcontinued operation of the piping within the scope ofASME B31.1, including inspections, condition assess-ments, repairs, and replacement of components.
manual welding: welding wherein the entire weldingoperation is performed and controlled by hand.
maximumallowable stress: themaximum stress value thatmay be used in the design formulas for a given materialand design temperature.
maximum allowable working pressure (MAWP): the pres-sure at the coincident temperature to which a boiler orpressure vessel can be subjected without exceeding themaximum allowable stress of the material or pressure–temperature rating of the equipment. For this Code,the term “MAWP” is as defined in ASME BPVC, SectionsI and VIII.
may: used to denote permission; neither a requirementnor a recommendation.
mechanical joint: a joint thatprovidesmechanical strengthor leak resistance, or both, where themechanical strengthis developed by threaded, grooved, rolled, flared, orflanged pipe ends; or by bolts, pins, compounds,gaskets, rolled ends, caulking, or machined and matedsurfaces. These joints have particular applicationwhere ease of disassembly is desired.
miter: two or more straight sections of pipe matched andjoined on a line bisecting the angle of junction so as toproduce a change in direction.
nominal thickness: the thickness given in the productmaterial specificationor standard towhichmanufacturingtolerances are applied.
nonferrous: metals and alloys that do not contain iron asthe principal component.
normalizing: see heat treatments.
Operating Company: the owner, user, or agent acting onbehalf of the owner, who has the responsibility forperforming the operations and maintenance functionson the piping systems within the scope of the Code.

owner: the party or organization ultimately responsiblefor operation of a facility. The owner is usually the onewho would be granted an operating license by the regu-latory authority having jurisdiction orwho has the admin-istrativeandoperational responsibility for the facility. Theowner may be either the operating organization (may notbe the actual owner of the physical property of the facility)or the organization that owns and operates the plant.
oxygen cutting: a group of cutting processes wherein thesevering of metals is effected by means of the chemicalreaction of oxygen with the base metal at elevatedtemperatures. In the case of oxidation-resistant metals,the reaction is facilitated by use of a flux.
oxygen gouging: an application of oxygen cutting whereina chamfer or groove is formed.
packaged equipment: an assembly of individual compo-nents or stages of equipment, complete with its intercon-necting piping and connections for piping external to theequipment assembly. The assembly may bemounted on askid or other structure prior to delivery.
peening: the mechanical working of metals by means ofhammer blows.
pipe and tube: the fundamental difference between pipeand tube is the dimensional standard to which each ismanufactured.Apipe is a tubewitha roundcross section conforming tothe dimensional requirements for nominal pipe size astabulated in ASME B36.10M, Table 1 and ASMEB36.19M, Table 1. For special pipe having a diameternot listed in these Tables, and also for round tube, thenominal diameter correspondswith the outside diameter.A tube is a hollow product of round or any other crosssection having a continuous periphery. Round tube sizemay be specified with respect to any two, but not allthree, of the following: outside diameter, inside diameter,andwall thickness; types K, L, andM copper tubemay alsobe specified by nominal size and type only. Dimensionsand permissible variations (tolerances) are specified inthe appropriate ASTM or ASME standard specifications.Types of pipe, according to the method of manufacture,are defined as follows:
(a) electric resistance welded pipe: pipe produced in in-dividual lengthsor in continuous lengths fromcoiled skelpand subsequently cut into individual lengths, having a lon-gitudinal butt joint wherein coalescence is produced bythe heat obtained from resistance of the pipe to theflow of electric current in a circuit of which the pipe isa part, and by the application of pressure.
(b) furnace butt welded pipe:
(1) furnace butt welded pipe, bell welded: pipeproduced in individual lengths from cut length skelp,having its longitudinal butt joint forge welded by themechanical pressure developed in drawing the furnaceheated skelp through a cone-shaped die (commonly
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known as a “welding bell”) that serves as a combinedforming and welding die.
(2) furnace butt welded pipe, continuouswelded: pipeproduced in continuous lengths from coiled skelp andsubsequently cut into individual lengths, having its lon-gitudinal butt joint forge welded by the mechanical pres-sure developed in rolling the hot formed skelp through aset of round pass welding rolls.

(c) electric fusion welded pipe: pipe having a longitudi-nal butt joint wherein coalescence is produced in thepreformed tube by manual or automatic electric arcwelding. The weld may be single (welded from oneside) or double (welded from inside and outside) andmay be made with or without the use of filler metal.Spiral welded pipe is also made by the electric fusionwelding process with a butt joint, a lap joint, or a lockseam joint.
(d) electric flashwelded pipe:pipe having a longitudinalbutt joint wherein coalescence is produced, simulta-neously over the entire area of abutting surfaces, bythe heat obtained from resistance to the flow of electriccurrent between the two surfaces, and by the applicationof pressure after heating is substantially completed.Flashing and upsetting are accompanied by expulsionof metal from the joint.
(e) double submerged arc welded pipe: pipe having alongitudinal butt joint produced by the submerged arcprocess, with at least two passes, one of which is onthe inside of the pipe.
(f) seamless pipe: pipe produced by one or more of thefollowing processes:
(1) rolled pipe: pipe produced from a forged billetthat is pierced by a conical mandrel between two diame-trically opposed rolls. The pierced shell is subsequentlyrolled and expanded over mandrels of increasingly largerdiameter. Where closer dimensional tolerances aredesired, the rolled pipe is cold or hot drawn throughdies, and machined.One variation of this process produces the hollowshell by extrusion of the forged billet over a mandrelin a vertical, hydraulic piercing press.
(2) forged and bored pipe: pipe produced by boringor trepanning of a forged billet.
(3) extruded pipe: pipe produced from hollow orsolid round forgings, usually in a hydraulic extrusionpress. In this process the forging is contained in a cylin-drical die. Initially a punch at the end of the extrusionplunger pierces the forging. The extrusion plungerthen forces the contained billet between the cylindricaldie and the punch to form the pipe, the latter acting asa mandrel.
(4) centrifugally cast pipe: pipe formed from the so-lidification of molten metal in a rotating mold. Both metaland sand molds are used. After casting, the pipe ismachined, to sound metal, on the internal and external

diameters to the surface roughness and dimensional re-quirements of the applicable material specification.One variation of this process uses autofrettage(hydraulic expansion) and heat treatment, above therecrystallization temperature of the material, toproduce a wrought structure.
(5) statically cast pipe: pipe formed by the solidifi-cation of molten metal in a sand mold.

pipe-supporting elements: pipe-supporting elementsconsist of hangers, supports, and structural attachments.
hangers and supports: hangers and supports includeelements that transfer the load from the pipe or structuralattachment to the supporting structure or equipment.They include hanging type fixtures, such as hangerrods, spring hangers, sway braces, counterweights, turn-buckles, struts, chains, guides, and anchors, and bearingtype fixtures, such as saddles, bases, rollers, brackets, andsliding supports.
structural attachments: structural attachments includeelements that are welded, bolted, or clamped to the pipe,such as clips, lugs, rings, clamps, clevises, straps, andskirts.

porosity: cavity-typediscontinuities formedbygasentrap-ment during metal solidification.
postweld heat treatment: see heat treatments.
postweld hydrogen bakeout: the holding of a completed orpartially completed weld at an elevated temperature toallow hydrogen to diffuse out of the weld.
preheating: see heat treatments.
pressure: an application of force per unit area.
fluid pressure: anapplicationof internal or external fluidforce per unit area on the pressure boundary of pipingcomponents.

Procedure Qualification Record (PQR): a record of thewelding data used to weld a test coupon. The PQR is arecord of variables recorded during the welding of thetest coupons. It also contains the test results of thetested specimens. Recorded variables normally fallwithin a small range of the actual variables that willbe used in production welding.
qualified (personnel): individuals who have demonstratedand documented abilities gained through training and/orexperience that enable them to perform a required func-tion to the satisfaction of the Operating Company.
readily accessible: for visual examination, readily acces-sible inside surfaces are defined as those inside surfacesthat can be examined without the aid of optical devices.(Thisdefinitiondoesnotprohibit theuseof optical devicesfor a visual examination; however, the selection of thedevice should be a matter of mutual agreementbetween the owner and the fabricator or erector.)

ASME B31.1-2020

13



Reid vapor pressure: the vapor pressure of a flammable orcombustible liquid as determined by ASTM Standard TestMethod D323 Vapor Pressure of Petroleum Products(Reid Method).
reinforcement of weld (external):weldmetal on the face ofa groove weld in excess of the metal necessary for thespecified weld size.
reinforcementofweld (internal):weldmetalon the interiorface of a grooveweld that extends past the root opening ofthe joint.
repair: the work necessary to restore a system or compo-nent to meet the applicable Code requirements and toreestablish a safe and satisfactory operating condition.
restraint: any device that prevents, resists, or limitsmove-ment of a piping system.
root opening: the separation between the members to bejoined, at the root of the joint.
root penetration: the depth a grooveweld extends into theroot opening of a joint measured on the centerline of theroot cross section.
seal weld: a weld used on a pipe joint primarily to obtainfluid tightness as opposed to mechanical strength.
semiautomatic arc welding: arc welding with equipmentthat controls only the filler metal feed. The advance of thewelding is manually controlled.
shall: “shall” or “shall not” is used to indicate that a provi-sion or prohibition is mandatory.
shielded metal arc welding: an arc welding processwherein coalescence is produced by heating with an elec-tric arc between a covered metal electrode and the work.Shielding is obtained from decomposition of the electrodecovering. Pressure is not used and filler metal is obtainedfrom the electrode.
should: “should” or “it is recommended” is used to indicatethat a provision is not mandatory but is recommended asgood practice.
size of weld:
filletweld: for equal-leg filletwelds, the leg lengthsof thelargest isosceles right triangle that can be inscribedwithinthe fillet weld cross section. For unequal-leg fillet welds,the leg lengths of the largest right triangle that can beinscribed within the fillet weld cross section.
groove weld: the joint penetration (depth of chamferingplus the root penetration when specified).

slag inclusion: nonmetallic solid material entrapped inweld metal or between weld metal and base metal.
soldering: a metal joining process wherein coalescence isproduced by heating to suitable temperature and by usinga nonferrous alloy fusible at temperatures below 840°F(450°C) and having a melting point below that of thebase metals being joined. The filler metal is distributedbetween closely fitted surfaces of the joint by capillary

action. In general, solders are lead–tin alloys and maycontain antimony, bismuth, silver, and other elements.
steel: an alloy of iron and carbon with no more than 2%carbon by weight. Other alloying elements may includemanganese, sulfur, phosphorus, silicon, aluminum, chro-mium, copper, nickel, molybdenum, and vanadium,depending on the type of steel. For acceptable materialspecifications for steel, refer to Chapter III.
stresses:
displacement stress: a stress developed by the self-constraint of the structure. It must satisfy an imposedstrain pattern rather than being in equilibrium with anexternal load. The basic characteristic of a displacementstress is that it is self-limiting. Local yielding and minordistortions can satisfy the displacement or expansionconditions that cause the stress to occur. Failure fromone application of the stress is not to be expected.Further, the displacement stresses calculated in thisCode are “effective” stresses and are generally lowerthan those predicted by theory or measured in strain-gage tests.1
peak stress: the highest stress in the region underconsideration. The basic characteristic of a peak stressis that it causes no significant distortion and is objection-ableonlyasapossible sourceof a fatiguecrack initiationora brittle fracture. This Code does not use peak stress as adesign basis, but rather uses effective stress values forsustained stress and for displacement stress; the peakstress effect is combined with the displacement stresseffect in the displacement stress range calculation.
sustained stress: a stress developed by an imposedloading that is necessary to satisfy the laws of equilibriumbetween external and internal forces and moments. Thebasic characteristic of a sustained stress is that it is notself-limiting. If a sustained stress exceeds the yieldstrength of the material through the entire thickness,the prevention of failure is entirely dependent on thestrain-hardening properties of the material. A thermalstress is not classified as a sustained stress. Further,the sustained stresses calculated in this Code are “effec-tive” stressesandaregenerally lower than thosepredictedby theory or measured in strain-gage tests.

stress-relieving: see heat treatments.
subcritical heat treatment: see heat treatments.
submerged arc welding: an arc welding process whereincoalescence is produced by heating with an electric arc orarcs between a baremetal electrode or electrodes and the
1Normally, the most significant displacement stress is encountered inthe thermal expansion stress range from ambient to the normal oper-ating condition. This stress range is also the stress range usually consid-ered in a flexibility analysis. However, if other significant stress rangesoccur, whether they are displacement stress ranges (such as from otherthermal expansion or contraction events, or differential support pointmovements) or sustained stress ranges (such as from cyclic pressure,steam hammer, or earthquake inertia forces), paras. 102.3.2(b) and104.8.3 may be used to evaluate their effect on fatigue life.
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work. The welding is shielded by a blanket of granular,fusible material on the work. Pressure is not used, andfiller metal is obtained from the electrode and sometimesfrom a supplementary welding rod.
supplementary steel: steel members installed betweenexisting members to facilitate installation of supportsfor piping or piping equipment.
swivel joint: a component that permits single-plane rota-tional movement in a piping system.
tack weld: a weld made to hold parts of a weldment inproper alignment until the final welds are made.
tempering: see heat treatments.
throat of a fillet weld:
actual: the shortestdistance fromtherootof a filletweldto its face.
theoretical: the distance from the beginning of the rootof the joint perpendicular to the hypotenuse of the largestright triangle that can be inscribed within the fillet weldcross section.

toe of weld: the junction between the face of the weld andthe base metal.
tube: refer to pipe and tube.
tungsten electrode: a nonfiller metal electrode used in arcwelding, consisting of a tungsten wire.
undercut: a groove melted into the base metal adjacent tothe weld toe or weld root and left unfilled by weld metal.
visual examination: the observation of whatever portionsof components, joints, and other piping elements that areexposed to suchobservationbefore, during, or aftermanu-

facture, fabrication, assembly, erection, inspection, ortesting. This examination may include verification ofthe applicable requirements for materials, components,dimensions, joint preparation, alignment, welding orjoining, supports, assembly, and erection.
volumetric examination: an NDE method used to detectimperfections that may be located anywhere withinthe examined volume.
weld: a localized coalescence of metal that is produced byheating to suitable temperatures, with or without theapplication of pressure, and with or without the use offiller metal. The filler metal shall have a melting pointapproximately the same as the base metal.
welder: one who is capable of performing a manual orsemiautomatic welding operation.
Welder/Welding Operator Performance Qualification
(WPQ): demonstration of a welder’s ability to producewelds in amannerdescribed in aWeldingProcedure Spec-ification that meets prescribed standards.
welding operator:onewhooperatesmachine or automaticwelding equipment.
WeldingProcedure Specification (WPS): awrittenqualifiedwelding procedure prepared to provide direction formaking production welds to Code requirements. TheWPSor other documentsmaybeused to provide directionto the welder or welding operator to ensure compliancewith the Code requirements.
weldment: an assemblywhose component parts are joinedby welding.
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Chapter II
Design

PART 1
CONDITIONS AND CRITERIA

101 DESIGN CONDITIONS

101.1ð20Þ GeneralThese design conditions define the pressures, tempera-tures, and various forces applicable to the design of powerpiping systems. Power piping systems shall be designedfor the most severe condition of coincident pressure,temperature, and loading, except as herein stated. Themost severe condition shall be that which results inthe greatest required pipe wall thickness and thehighest component rating.
101.2 PressureAll pressures referred to in this Code are expressed inpoundsper square inch(psig) andkilopascals aboveatmo-spheric pressure [kPa (gage)], unless otherwise stated.

101.2.2 Internal Design Pressure. The internal designpressure shall be not less than the maximum sustainedoperating pressure (MSOP) within the piping systemincluding the effects of static head.
101.2.4 External Design Pressure. Piping subject toexternal pressure shall be designed for the maximumdifferential pressure anticipated during operating, shut-down, or test conditions.
101.2.5 Pressure Cycling. This Code does not addressthe contribution to fatigue in fittings and componentscaused by pressure cycling. Special consideration maybe necessary where systems are subjected to a veryhigh number of large pressure cycles.
101.2.6ð20Þ Required Pressure Containment or Relief

(a) Provision shall be made to safely contain or relieve(see paras. 122.5 and 122.14.1) any expected pressure towhich the piping may be subjected. Piping not protectedbyapressure-relievingdevice, or that canbe isolated froma pressure-relieving device, shall be designed for at leastthe highest expected pressure.
(b) Sources of pressure to be considered includeambient influences, pressure oscillations and surges,improper operation, decomposition of unstable fluids,static head, and failure of control devices.

(c) The allowances of paras. 102.2.4, 102.3.3(a), and104.8.2 are permitted, provided that the other require-ments of paras. 102.2.4, 102.3.3(a), and 104.8.2 arealso met.
101.3 Temperature

101.3.1 All temperatures referred to in this Code,unless otherwise stated, are the average metal tempera-tures of the respective materials expressed in degreesFahrenheit (°F) and degrees Celsius (°C).
101.3.2 ð20ÞDesign Temperature

(a) The piping shall be designed for a metal tempera-ture representing the maximum sustained conditionexpected. The design temperature shall be assumed tobe the same as the fluid temperature unless calculationsor tests support the use of other data, in which case thedesign temperature shall not be less than the average ofthe fluid temperature and the outside wall temperature.Ambient effects, including solar thermal heating, shall beconsidered.
(b) Where a fluid passes through heat exchangers inseries, the design temperature of the piping in eachsection of the system shall conform to the most severetemperature condition expected to be produced by theheat exchangers in that section of the system.
(c) For steam, feedwater, and hot water piping leadingfrom fired equipment (such as boiler, reheater, superheat-er, or economizer), the design temperature shall be basedon the expected continuous operating condition plus theequipment manufacturer’s guaranteed maximumtemperature tolerance. For operation at temperaturesin excess of this condition, the limitations described inpara. 102.2.4 shall apply.
(d) Accelerated creep damage, leading to excessivecreep strains and potential pipe rupture, caused byextended operation above the design temperature shallbe considered in selecting the design temperature forpiping to be operated above 800°F (425°C).
101.3.3 ð20ÞDesign Minimum Temperature. The designminimum temperature is the lowest component tempera-ture expected in service. This temperature may establishspecial design requirements andmaterial qualification re-quirements. See also paras. 101.4.3 and 124.1.2.
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101.4 Ambient Influences

101.4.1 Cooling Effects on Pressure. Where thecooling of a fluid may reduce the pressure in thepiping to below atmospheric, the piping shall be designedto withstand the external pressure or provision shall bemade to break the vacuum.
101.4.2 Fluid Expansion Effects.Where the expansionof a fluid may increase the pressure, the piping systemshall be designed to withstand the increased pressureor provision shall be made to relieve the excess pressure.
101.4.3ð20Þ Ambient Temperature. Consideration shall begiven to how ambient temperature conditions impact thedisplacement stress analysis described in paras.102.3.2(b) and 104.8.3.

101.5 Dynamic Effects

101.5.1 Impact. Impact forces caused by all externaland internal conditions shall be considered in thepiping design. One form of internal impact force is dueto the propagation of pressure waves produced bysudden changes in fluid momentum. This phenomenonis often called water or steam “hammer.” It may becaused by the rapid opening or closing of a valve inthe system. The designer should be aware that this isonly one example of this phenomenon and that othercauses of impact loading exist.
101.5.2 Wind. Exposed piping shall be designed towithstand wind loadings. The analysis considerationsand loads may be as described in ASCE/SEI 7,Minimum Design Loads for Buildings and Other Struc-tures. Authoritative local meteorological data may alsobe used to define or refine the design wind forces.Where local jurisdictional rules covering the design ofbuilding structures are in effect and specify wind loadingsfor piping, these values shall be considered the minimumdesign values. Wind need not be considered as actingconcurrently with earthquakes.
101.5.3 Earthquake. The effect of earthquakes shall beconsidered in the design of piping, piping supports, andrestraints. The analysis considerations and loads may beas described in ASCE/SEI 7. Authoritative local seismolo-gical data may also be used to define or refine the designearthquake forces. Where local jurisdictional rulescovering the design of building structures are in effectand specify seismic loadings for piping, these valuesshall be considered the minimum design values. ASMEB31E, Standard for the Seismic Design and Retrofit ofAbove-Ground Piping Systems, may be used as an alter-nate method of seismic qualification or for guidance inseismic design. Earthquakes need not be considered asacting concurrently with wind.

101.5.4 Vibration. Piping shall be arranged andsupported with consideration of vibration [see paras.120.1(c) and 121.7.5].
101.5.5 ð20ÞDischarge Reactions.Piping shall be designed,arranged, and supported so as to withstand reactionforces due to fluid pressure and momentum effectsduring normal operations and anticipated transients.

101.6 Weight EffectsThe weight effects described in paras. 101.6.1 through101.6.3 combinedwith loads and forces fromother causesshall be taken into account in the design of piping. Pipingshall be carried on adjustable hangers or properly leveledrigid hangers or supports, and suitable springs, swaybracing, vibration dampeners, etc., shall be providedwhere necessary.
101.6.1 Live Load. The live load consists of the weightof the fluid transported. Snow and ice loads shall beconsidered in localities where such conditions exist.
101.6.2 Dead Load. The dead load consists of theweight of the piping components, insulation, protectivelining and coating, and other superimposed permanentloads.
101.6.3 Test or Cleaning Fluid Load. The test orcleaning fluid load consists of the weight of the test orcleaning fluid.

101.7 Thermal Expansion and Contraction Loads

101.7.1 General. The design of piping systems shalltake account of the forces and moments resulting fromthermal expansion and contraction, and from theeffects of expansion joints.Thermal expansion and contraction shall be providedfor, preferablybypipebends, elbows, offsets, or changes indirection of the pipeline.Hangers and supports shall permit expansion andcontraction of the piping between anchors.
101.7.2 Expansion, Swivel, or Ball Joints, and Flexible

Metal Hose Assemblies. Joints of the corrugated bellows,slip, sleeve, ball, or swivel types and flexible metal hoseassemblies may be used if their materials conform to thisCode, their structural and working parts are of ampleproportions, and their design prevents the completedisengagement ofworking partswhile in service. In deter-mining expansion joint design criteria, the designer shallgive due consideration to conditions of service, including,but not limited to, temperature, pressure, externallyimposed displacements, corrosion/erosion, fatigue, andflow velocity. The design of metallic bellows expansionjoints shall be in accordance with Mandatory Appendix P.
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101.9ð20Þ Reduced Ductility EffectsThe design rules of this Code are based onmaterial thathasadequateductility toprovidesufficient reservemarginso that overstress conditions will not cause sudden brittlefailure and a ductile failure mode occurs. For materials orconditions where reduced ductility is expected, the Codemay impose reductions of allowable stress to providegreater margins to failure. Other conditions may resultin reduced ductility; for example, ductility reductionmay result from welding, heat treatment, forming,bending, or low operating temperatures, including thechilling effect of sudden loss of pressure on highly volatilefluids. When such conditions could occur, the designershould ensure that adequate design margins are incorpo-rated.
102 DESIGN CRITERIA

102.1 GeneralThese criteria cover pressure–temperature ratings forstandard and specially designed components, allowablestresses, stress limits, and various allowances to beused in the design of piping and piping components.
102.2 Pressure–Temperature Ratings for Piping

Components

102.2.1 Components Having Specific Ratings. Pres-sure–temperature ratings for certain piping componentshave been established and are contained in some of thestandards listed in Table 126.1-1.Where piping components have established pressure–temperature ratings that do not extend to the uppermate-rial temperature limits permitted by this Code, the pres-sure–temperature ratings between those established andthe upper material temperature limit may be determinedin accordance with the rules of this Code, but such exten-sions are subject to restrictions, if any, imposed by thestandards.Standard components may not be used at conditions ofpressure and temperature that exceed the limits imposedby this Code.
102.2.2 Components Not Having Specific Ratings.Some of the standards listed in Table 126.1-1, such asthose for butt-welding fittings, specify that componentsshall be furnished in nominal thicknesses. Unlesslimited elsewhere in this Code, such components shallbe rated for the same allowable pressures as seamlesspipe of the same nominal thickness, as determined inparas. 103 and104 formaterial having the sameallowablestress.Piping components, such as pipe, for which allowablestresses have been developed in accordance withpara. 102.3, but that do not have established pressureratings, shall be rated by rules for pressure design in

para. 104, modified as applicable by other provisionsof this Code.Should it be desired to use methods of manufacture ordesign of components not covered by this Code or notlisted in referenced standards, it is intended that themanufacturer shall comply with the requirements ofparas. 103 and 104 and other applicable requirementsof this Code for design conditions involved.Where compo-nents other than those discussed above, such as pipe orfittings not assigned pressure–temperature ratings in anAmericanNational Standard, are used, themanufacturer’srecommended pressure–temperature rating shall not beexceeded.
102.2.3 Ratings: Normal Operating Condition. Apiping system shall be considered safe for operation ifthemaximum sustained operating pressure and tempera-ture that may act on any part or component of the systemdo not exceed the maximum pressure and temperatureallowedby thisCode for thatparticularpartor component.The design pressure and temperature shall not exceed thepressure–temperature rating for the particular compo-nentandmaterial asdefined in theapplicable specificationor standard listed in Table 126.1-1.
102.2.4 ð20ÞRatings: Allowance for Variation From

Normal Operation. The maximum internal pressureand temperature allowed shall include considerationsfor occasional loads and transients of pressure andtemperature.It is recognized that variations inpressureand tempera-ture inevitably occur, and therefore the piping system,except as limited by component standards referred toin para. 102.2.1 or by manufacturers of componentsreferred to in para. 102.2.2, shall be considered safefor occasional short operating periods at higher thandesign pressure or temperature. For such variations,either pressure or temperature, or both, may exceedthe design values if the computed circumferential pres-sure stress does not exceed the maximum allowablestress for the coincident temperature by
(a) 15% if the event duration occurs for nomore than 8hr at any one time and not more than 800 hr/yr, or
(b) 20% if the event duration occurs for not more than1 hr at any one time and not more than 80 hr/yr
102.2.5 Ratings at Transitions. Where piping systemsoperating at different design conditions are connected, adivision valve shall be provided having a pressure–temperature rating equal to or exceeding the moresevere conditions. See para. 122 for design requirementspertaining to specific piping systems.
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102.3 Allowable Stress Values and Other Stress
Limits for Piping Components

102.3.1 Allowable Stress Values

(a) Allowable stress values to be used for the design ofpower piping systems are given in the tables inMandatory Appendix A, also referred to in this CodeSection as the Allowable Stress Tables. These tableslist allowable stress values for commonly used materialsat temperaturesappropriate topowerpiping installations.In every case the temperature is understood to be themetal temperature. Where applicable, weld joint effi-ciency factors and casting quality factors are includedin the tabulated values. Thus, the tabulated values arevalues of S, SE, or SF, as applicable.
(b) Allowable stress values in shear shall not exceed80% of the values determined in accordance with therules of (a). Allowable stress values in bearing shallnot exceed 160% of the determined values.
(c) The basis for establishing the allowable stressvalues in this Code Section are the same as those inASME BPVC, Section II, Part D, Mandatory Appendix 1;except that allowable stresses for cast iron and ductileiron are in accordancewith ASMEBPVC, Section VIII, Divi-sion 1, Nonmandatory Appendix P for Tables UCI-23 andUCD-23, respectively.
102.3.2ð20Þ Limits for Sustained Stresses and Displace-

ment Stress Ranges

(a) Sustained Stress Ranges
(1) Internal Pressure Stress.Thecalculated stressdueto internal pressure shall not exceed the allowable stressvalues. This criterion is satisfied when the wall thicknessof the piping component, including any reinforcement,meets the requirements of paras. 104.1 through 104.7,excluding para. 104.1.3 but including the considerationof allowances permitted by paras. 102.2.4, 102.3.3(b),and 102.4.
(2) External Pressure Stress. Piping subject toexternal pressure shall be considered safe when thewall thickness and means of stiffening meet the require-ments of para. 104.1.3.
(3) Longitudinal Stress. The sum of the longitudinalstresses, SL, due to pressure, weight, and other sustainedloads shall not exceed the basic material allowable stressin the hot condition, Sh.The longitudinal pressure stress, Slp, may be deter-mined by either of the following equations:
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(b) Displacement Stresses
(1) Cyclic Displacement Stress Ranges. The calculatedreferencedisplacement stress range,SE (seeparas. 104.8.3and 119.6.4), shall not exceed the allowable stress range,

SA, calculated by eq. (1A)
= +S f S S(1.25 0.25 )A c h

(1A)When Sh is greater than SL, the difference betweenthem may be added to the term 0.25Sh in eq. (1A). Inthat case, the allowable stress range, SA, is calculatedby eq. (1B)
= +S f S S S(1.25 1.25 )A c h L

(1B)where
f = cyclic stress range factor1 for the total number ofequivalent reference displacement stress rangecycles, N, determined from eq. (1C)

=f N6/ 1.0
0.2 (1C)

N = total number of equivalent reference displace-ment stress range cycles expected during theservice life of the piping. A minimum value for
f is 0.15, which results in an allowable displace-ment stress range for a total number of equivalentreference displacement stress range cyclesgreater than 108 cycles.

Sc = basic material allowable stress at the minimummetal temperature expected during the referencestress range cycle,2 psi (kPa)
Sh = basic material allowable stress at the maximummetal temperature expected during the referencestress range cycle,2 psi (kPa)In determining the basic material allowable stresses,

Sc and Sh, for welded pipe, the joint efficiency factor, E,need not be applied (see para. 102.4.3). The values ofthe allowable stresses from Mandatory Appendix A oras calculated per para. 123.1.2(b) may be divided bythe joint efficiency factor given for that material. In deter-mining the basic material allowable stresses for castings,the casting quality factor, F, shall be applied (see para.102.4.6).When considering more than a single displacementstress range, whether from thermal expansion or othercyclic conditions, each significant stress range shall becomputed. The reference displacement stress range, SE,
1Applies to essentially noncorroded piping. Corrosion can sharplydecrease cyclic life; therefore, corrosion-resistant materials shouldbe considered where a large number of significant stress rangecycles is anticipated. The designer is also cautioned that the fatiguelife of materials operated at elevated temperatures may be reduced.2 For materials with a minimum tensile strength of over 70 ksi (480MPa), eqs. (1A) and (1B) shall be calculated using Sc or Sh values nogreater than 20 ksi (140 MPa), unless otherwise justified.
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is defined as the greatest computed displacement stressrange. The total number of equivalent reference displace-ment stress range cycles, N, may then be calculated byeq. (2)
= + =( )N N q N i nfor 1, 2, ...,E i i

5 (2)
where

NE = number of cycles of the reference displacementstress range, SE
Ni = number of cycles associated with displacementstress range, Si
qi = Si/SE
SE = reference displacement stress range [seepara. 104.8.4(c)], psi (kPa)
Si = any computed stress range other than the refer-ence displacement stress range, psi (kPa)
(2) Noncyclic Displacement Stress Ranges. Stressranges caused by noncyclic movements such as thosedue to settlement or uplift of pipe-supporting structuresor components such as buildings, pipe racks, pipe anchors,or rigid supports will not significantly influence fatiguelife. Stress ranges caused by such movements may becalculated using Figure 104.8-1, eq. (17), replacing SAwith an allowable stress range of 3.0SC and replacing

MC with the moment range due to the noncyclic move-ment. The stress ranges due to noncyclic displacementsneed not be combined with cyclic stress ranges in accor-dance with (1).
102.3.3 Limits of Calculated Stresses Due to Occa-

sional Loads

(a) During Operation. The sum of the longitudinalstresses produced by internal pressure, live and deadloads, and such occasional loads as the temporarysupporting of extra weight may exceed the allowablestress values given in the Allowable Stress Tables bythe amounts and durations of time given in para. 104.8.2.
(b) During Test. During pressure tests performed inaccordance with para. 137, the circumferential (hoop)stress shall not exceed 90% of the yield strength(0.2% offset) at test temperature. In addition, the sumof longitudinal stresses due to test pressure and liveand dead loads at the time of test, excluding occasionalloads, shall not exceed 90% of the yield strength attest temperature.

102.4 Allowances

102.4.1 Corrosion or Erosion. When corrosion orerosion is expected, an increase in wall thickness ofthe piping shall be provided over that required byother design requirements. This allowance in the judg-ment of the designer shall be consistent with the expectedlife of the piping.

102.4.2 Threading and Grooving. The calculatedminimum thickness of piping (or tubing) that is to bethreaded shall be increased by an allowance equal tothread depth; dimension h of ASME B1.20.1 or equivalentshall apply. For machined surfaces or grooves, where thetolerance is not specified, the tolerance shall be assumedto be 1∕64 in. (0.40mm) in addition to the specified depth ofcut. The requirements of para. 104.1.2(c) shall also apply.
102.4.3 Weld Joint Efficiency Factors. The use of jointefficiency factors for welded pipe is required by this Code.The factors in Table 102.4.3-1 are based on full penetra-tion welds. These factors are included in the allowablestress values given in Mandatory Appendix A. Thefactors in Table 102.4.3-1 apply to both straight seamand spiral seam welded pipe.
102.4.4 Mechanical Strength. Where necessary formechanical strength to prevent damage, collapse, exces-sive sag, or buckling of pipe due to superimposed loadsfrom supports or other causes, the wall thickness of thepipe should be increased; or, if this is impractical orwouldcause excessive local stresses, the superimposed loads orother causes shall be reduced or eliminated by otherdesign methods. The requirements of para. 104.1.2(c)shall also apply.
102.4.5 Bending. The minimum wall thickness at anypoint on the bend shall conform to (a) or (b).
(a) The minimum wall thickness at any point in acompleted bend shall not be less than required byeq. (7) or eq. (8) of para. 104.1.2(a).
(1) Table 102.4.5-1 is a guide to the designer whomust specify wall thickness for ordering pipe. Ingeneral, it has been the experience that when goodshop practices are employed, the minimum thicknessesof straight pipe shown in Table 102.4.5-1 should be suffi-cient for bending and still meet the minimum thicknessrequirements of para. 104.1.2(a).
(2) The bend thinning allowance in Table 102.4.5-1maybeprovided in all parts of the cross section of the pipecircumference without any detrimental effects beingproduced.

(b) The minimum required thickness, tm, of a bend,after bending, in its finished form shall be determinedin accordance with eq. (3) or eq. (4)
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Table 102.4.5-1 Bend Thinning Allowance

Radius of Bends

Minimum Thickness
Recommended Prior to

Bending6 pipe diameters or greater 1.06tm5 pipe diameters 1.08tm4 pipe diameters 1.14tm3 pipe diameters 1.25tmGENERAL NOTES:(a) Interpolation is permissible for bending to intermediate radii.(b) tm is determined by eq. (7) or eq. (8) of para. 104.1.2(a).(c) Pipe diameter is the nominal diameter as tabulated in ASMEB36.10M, Table 1 and ASME B36.19M, Table 1. For pipingwith a diameter not listed in these tables, and also for tubing,the nominal diameter corresponds with the outside diameter.

Table 102.4.3-1 Longitudinal Weld Joint Efficiency Factors

No. Type of Joint Type of Seam Examination Factor E1 Furnace butt weld, continuous weld Straight As required by listed specification 0.60[Note (1)]
2 Electric resistance weld Straight or spiral As required by listed specification 0.85[Note (1)]
3 Electric fusion weld(a) Single butt weld(without filler metal) Straight or spiral As required by listed specification 0.85Additionally 100%volumetric examination(RT or UT) 1.00[Note (2)]

(b) Single butt weld(with filler metal) Straight or spiral As required by listed specification 0.80Additionally 100%volumetric examination(RT or UT) 1.00[Note (2)]
(c) Double butt weld(without filler metal) Straight or spiral As required by listed specification 0.90Additionally 100%volumetric examination(RT or UT) 1.00[Note (2)]
(d) Double butt weld(with filler metal) Straight or spiral As required by listed specification 0.90Additionally 100%volumetric examination(RT or UT) 1.00[Note (2)]

4 API 5L Submerged arc weld(SAW) Straight withone or twoseams As required by specification 0.90
Gas metal arc weld(GMAW) Spiral Additionally 100%volumetric examination(RT or UT) 1.00[Note (2)]Combined GMAW, SAW

NOTES:(1) It is not permitted to increase the longitudinal weld joint efficiency factor by additional examination for joint 1 or joint 2.(2) RT (radiographic examination) shall be in accordance with the requirements of para. 136.4.5 or thematerial specification, as applicable. UT(ultrasonic examination) shall be in accordance with the requirements of para. 136.4.6 or the material specification, as applicable.
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Figure 102.4.5-1 Nomenclature for Pipe Bends
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and at the sidewall on the bend centerline

=I 1.0where
R = bend radius of pipe bendSee para. 104.1.2 for the other nomenclature usedabove.
W equals 1 for seamless pipe or for seam-welded pipeoperating below the creep range and for parts of the bendthat do not contain a weld.Thickness variations from the intrados to the extradosand at the ends of the bend shall be gradual. The thicknessrequirements apply at the center of the bend arc and at theintrados , ex trados , and bend center l ine (seeFigure 102.4.5-1). The minimum thickness at the endsof the bends shall not be less than the requirements ofpara. 104.1.2 for straight pipe. For bends to conformto this paragraph, all thickness requirementsmust bemet.
102.4.6 Casting Quality Factors

(a) General. Except for gray iron castings, the use of acasting quality factor is required for all cast componentsthat use the allowable stress values of Mandatory Appen-dix A as the design basis. This factor, 0.80 for castings and0.85 for centrifugally cast pipe, is included in theallowablestress values given in Mandatory Appendix A.This required factor does not apply to component stan-dards listed in Table 126.1-1, if such standards defineallowable pressure–temperature ratings or provide the

allowable stresses to be used as the design basis forthe component.
(b) For steel materials, a casting quality factor notexceeding 1.0may be appliedwhen the following require-ments are met:
(1) All steel castings having a nominal body thick-ness of 41 ∕2 in. (114 mm) or less (other than pipeflanges, flanged valves and fittings, and butt weldingend valves, all complying with ASME B16.5 or ASMEB16.34) shall be inspected visually (MSS SP-55 may beused for guidance) as follows:
(-a) All critical areas, including the junctions of allgates, risers, and abrupt changes in section or directionand area of weld end preparation, shall be volumetricallyexamined in accordance with ASME BPVC, Section V.Radiographs shall conform to the requirements ofASTM E446, Reference Radiographs for Steel Castingsup to 2 in. (50mm) inThickness, orASTME186, ReferenceRadiographs for Heavy Walled (2 to 41∕2 in. [50 to 114mm]) Steel Castings, depending on the section thickness.MSS SP-54 may be used for guidance. The maximum ac-ceptable severity level for a 1.0 quality factor shall be aslisted inTable102.4.6-1.Whereappropriate, radiographicexamination (RT) of castings may be supplemented orreplaced with ultrasonic examination (UT), provided itis performed in accordance with MSS SP-94.
(-b) All surfaces of each casting, includingmachined gasket seating surfaces, shall be examinedby the magnetic particle or dye penetrant method afterheat treatment. The examination techniques shall be inaccordance with ASME BPVC, Section V, Article 6 orArticle 7, as applicable, and Article 9. MSS SP-53 andMSS SP-93 may be used for guidance. Magnetic particleor dye penetrant indications exceeding degree 1 ofType I, degree 2 of Type II, and degree 3 of Type III,and exceeding degree 1 of Types IV and V of ASTME125, Standard Reference Photographs for Magnetic

Table 102.4.6-1 Maximum Severity Level for Casting
Thickness 41⁄2 in. (114 mm) or Less

Discontinuity
Category Designation

Severity Level
≤1 in. (25 mm)

Thick
>1 in. (25 mm)

Thick
For E446 [Castings up to 2 in. (50 mm) Thickness]A 1 2B 2 3Types 1, 2, 3, and 4 of C 1 3D, E, F, and G None acceptable None acceptable

For E186 [Castings 2 in. to 41⁄2 in. (50mm to 114mm)Thickness]A, B, and Types 1 and 2 of C 2 2Type 3 of C 3 3D, E, and F None acceptable None acceptable
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Particle Indications on Ferrous Castings, are not accept-able and shall be removed.
(-c) Where more than one casting of a particulardesign is produced, each of the first five castings shall beinspected as above. Where more than five castings arebeing produced, the examination shall be performedon the first five plus one additional casting to representeach five additional castings. If this additional castingproves to be unacceptable, each of the remaining castingsin the group shall be inspected.
(-d) Any discontinuities in excess of the maximumpermitted in (-a)and (-b) shall be removed, and thecastingmay be repaired by welding after the base metal has beeninspected to ensure complete removal of discontinuities.[Refer to para. 127.4.11(a).] The completed repair shall besubject to reinspection by the samemethod aswas used inthe original inspection and shall be reinspected after anyrequired postweld heat treatment.

(2) All steel castings having a nominal body thick-ness greater than 41∕2 in. (114 mm) (other than pipeflanges, flanged valves and fittings, and butt weldingend valves, all complying with ASME B16.5 or ASMEB16.34) shall be inspected visually (MSS SP-55 may beused for guidance) as follows:
(-a) All surfaces of each casting includingmachined gasket seating surfaces shall be examined bythe magnetic particle or dye penetrant method afterheat treatment. The examination techniques shall be inaccordance with ASME BPVC, Section V, Article 6 orArticle 7, as applicable, and Article 9. Magnetic particleor dye penetrant indications exceeding degree 1 ofType I, degree 2 of Type II, degree 3 of Type III, anddegree 1 of Types IV and V of ASTME125, Standard Refer-ence Photographs for Magnetic Particle Indications onFerrous Castings, shall be removed.
(-b) All parts of castings shall be subjected tocomplete volumetric examination (RT or UT) in accor-dance with ASME BPVC, Section V. Radiographs shallconform to the requirements of ASTM E280.The maximum acceptable severity level for a 1.0quality factor shall be as listed in Table 102.4.6-2. MSSSP-54 may be used for guidance. Where appropriate,radiographic examination (RT) of castingsmay be supple-mented or replaced with ultrasonic examination (UT),provided it is performed in accordance with MSS SP-94.

(-c) Any discontinuities in excess of the maximumpermitted in (-a) and (-b) shall be removed and may berepaired by welding after the base metal has beenmagnetic particle or dye penetrant inspected to ensurecomplete removal of discontinuities. [Refer to para.127.4.11(a).]
(-d) All weld repairs of depth exceeding 1 in. (25mm) or 20% of the section thickness, whichever is thelesser, shall be inspected by volumetric examination(RT or UT) in accordance with (-b) and by magneticparticle or dye penetrant inspection of the finishedweld surface. All weld repairs of depth less than 20%of the section thickness or 1 in. (25 mm), whichever isthe lesser, and all weld repairs of section that cannotbeeffectively radiographedshall beexaminedbymagneticparticle or dye penetrant inspection of the first layer, ofeach 1∕4 in. (6 mm) thickness of deposited weld metal, andof the finishedweld surface.Magneticparticleordyepene-trant testing of the finished weld surface shall be doneafter postweld heat treatment.

(c) For cast iron and nonferrous materials, no increaseof the casting quality factor is allowed exceptwhen specialmethods of examination, prescribed by the material spec-ification, are followed. If such increase is specificallypermitted by the material specification, a factor notexceeding 1.0 may be applied.
102.4.7 Weld Strength Reduction Factors. At elevatedtemperatures, seam welds on longitudinal-welded orspiral-welded pipe can have lower creep strength thanthe basematerial. This reduction is a factor in determiningthe minimum wall thickness for longitudinal-welded orspiral-welded pipe (i.e., not seamless), whether fabricatedin accordancewithamaterial specificationor fabricated inaccordance with the rules of this Code. The weld strengthreduction factor, W, is given in Table 102.4.7-1. Thedesigner is responsible to assess application of weldstrength reduction factor requirements for welds otherthan longitudinal and spiral, as applicable (e.g., circumfer-ential welds).

PART 2
PRESSURE DESIGN OF PIPING COMPONENTS

103 CRITERIA FOR PRESSURE DESIGN OF PIPING
COMPONENTSThe design of piping components shall consider theeffects of pressure and temperature, in accordancewith paras. 104.1 through 104.7, including the considera-tion of allowances permitted by paras. 102.2.4 and 102.4.In addition, the mechanical strength of the piping systemshall be determined adequate in accordance with para.104.8 under other applicable loadings, including, butnot limited to, those loadings defined in para. 101.

Table 102.4.6-2 Maximum Severity Level for Casting
Thickness Greater Than 41⁄2 in. (114 mm)

Discontinuity
Category Designation Severity LevelA, B, and Types 1, 2, and 3 of C 2D, E, and F None acceptable
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Table 102.4.7-1 Weld Strength Reduction Factors (WSRFs) to Be Applied When Calculating the Minimum Wall
Thickness or Allowable Design Pressure of Components Fabricated With a Longitudinal Seam Fusion Weld

Steel Group

Weld Strength Reduction Factor for Temperature, °F (°C) [Notes (1)–(7)]
700
(371)

750
(399)

800
(427)

850
(454)

900
(482)

950
(510)

1,000
(538)

1,050
(566)

1,100
(593)

1,150
(621)

1,200
(649)CrMo [Notes (8)–(10)] … … 1.00 0.95 0.91 0.86 0.82 0.77 0.73 0.68 0.64CSEF (N + T) [Notes (8), (11), (12)] … … … … … 1.00 0.95 0.91 0.86 0.82 0.77CSEF (Sub Crit) [Notes (8), (13)] … … … … 1.00 0.50 0.50 0.50 0.50 0.50 0.50Austenitic stainless (incl. 800H and 800HT) [Notes (14),(15)] … … … … … 1.00 0.95 0.91 0.86 0.82 0.77Autogenously welded austenitic stainless [Note (16)] … … … … … 1.00 1.00 1.00 1.00 1.00 1.00NOTES:(1) NP = not permitted.(2) Longitudinal welds in pipe formaterials not covered in this Table operating in the creep regime are not permitted. For the purposes of thisTable, the start of the creep range is thehighest temperaturewhere thenonitalicized stress values end inMandatoryAppendixA for thebasematerial involved.(3) All weld filler metal shall be a minimum of 0.05% C for CrMo and creep strength enhanced ferritic (CSEF) materials, and 0.04% C foraustenitic stainless in this Table.(4) Materials designed for temperaturesbelowthecreep range [seeNote (2)]maybeusedwithout considerationof theWSRFor the rulesof thisTable. All other Code rules apply.(5) Longitudinal seam welds in CrMo and CSEF materials shall be subjected to, and pass, a 100% volumetric examination (RT or UT). Formaterials other than CrMo and CSEF, see para. 123.4(b).(6) At temperatures below those where WSRFs are tabulated, a value of 1.0 shall be used for the factor,W, where required by the rules of thisCode Section. However, the additional rules of this Table and Notes do not apply.(7) Carbon steel pipes and tubes are exempt from the requirements of para. 102.4.7 and this Table.(8) Basicity index of SAW flux ≥ 1.0.(9) The CrMo steels include 1∕2Cr–1∕2Mo, 1Cr–1∕2Mo, 11∕4Cr–1∕2Mo–Si, 21∕4Cr–1Mo, 3Cr–1Mo, and 5Cr–1∕2Mo. Longitudinal welds shall be normal-ized, normalized and tempered, or subjected to proper subcritical PWHT for the alloy.(10) Longitudinal seam fusion welded construction is not permitted for C–1∕2Mo steel for operation in the creep range [see Notes (2) and (4)].(11) The CSEF steels include Grades 91, 92, 911, 122, and 23.(12) N + T = normalizing + tempering PWHT.(13) Sub Crit = subcritical PWHT is required. No exemptions from PWHT are permitted. The PWHT time and temperature shall meet therequirements of Table 132.1.1-1; the alternate PWHT requirements of Table 132.1.1-2 are not permitted.(14) WSRFshavebeenassigned for austenitic stainless (including800Hand800HT) longitudinallyweldedpipeup to1,500°F (816°C)as follows:

Temperature, °F Temperature, °C Weld Strength Reduction Factor1,250 677 0.731,300 704 0.681,350 732 0.641,400 760 0.591,450 788 0.551,500 816 0.5
(15) Certainheatsof theaustenitic stainless steels, particularly for thosegradeswhosecreepstrength is enhancedby theprecipitationof temper-resistant carbides and carbo-nitrides, can suffer froman embrittlement condition in theweld heat-affected zone that can lead to prematurefailure of welded components operating at elevated temperatures. A solution annealing heat treatment of the weld area mitigates thissusceptibility.(16) Autogenous stainless steel welded pipe (without weld filler metal) has been assigned aWSRF up to 1,500°F (816°C) of 1.00, provided thatthe product is solution annealed after welding and receives nondestructive electric examination, in accordance with the material spec-ification.
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104 PRESSURE DESIGN OF COMPONENTS

104.1 Straight Pipe

104.1.1 Straight Pipe Under Internal Pressure.Straight pipe under internal pressure shall have aminimum wall thickness calculated per para. 104.1.2.
104.1.2ð20Þ Straight Pipe Under Internal Pressure —

Seamless, Longitudinal Welded, or Spiral Welded

(a) Minimum Wall Thickness. The minimum thicknessof pipe wall3 required for design pressures within theprescribed temperature limits for materials permittedby para. 123.1, including allowances for mechanicalstrength, shall not be less than that determined by eq.(7) or eq. (8), as follows:
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where

A = additional thickness, in. (mm)
(1) To compensate for materialremoved in threading, grooving, etc.,required to make a mechanical joint,refer to para. 102.4.2.
(2) To provide for mechanical strengthof the pipe, refer to para. 102.4.4 (notintended to provide for extreme conditionsofmisapplied external loadsor formechan-ical abuse).
(3) To provide for corrosion and/orerosion, refer to para. 102.4.1.

d = inside diameter of pipe, in. (mm). Fordesign calculations, the inside diameterof pipe is the maximum possible valueallowable under the purchase specifica-tion. When calculating the allowableworking pressure of pipe on hand or in

stock, the actual measured inside diameterand actual measured minimum wall thick-ness at the thinner end of the pipe may beused to calculate this pressure.
Do = outside diameter of pipe, in. (mm). Fordesign calculations, the outside diameterof pipe as given in tables of standardsand specifications shall be used inobtaining the value of tm. When calculatingthe allowable working pressure of pipe onhand or in stock, the actual measuredoutside diameter and actual measuredminimum wall thickness at the thinnerend of the pipe may be used to calculatethis pressure.
P = internal design pressure, psig [kPa (gage)]NOTE:When computing the design pressure fora pipe of a definite minimum wall thickness byeq. (9) or eq. (10), the value of P obtained bythese formulas may be rounded to the nexthigher unit of 10. For cast iron pipe, see (b).

SE or SF = maximum allowable stress in material dueto internal pressure and joint efficiency (orcasting quality factor) at the designtemperature, psi (MPa). The value of SEor SF shall not exceed that given inMandatory Appendix A for listed materialsor as determined per para. 123.1.2(b) forunlistedmaterials, for the respectivemate-rial and design temperature. These valuesinclude the weld joint efficiency, E, or thecasting factor, F.
tm = minimumrequiredwall thickness, in. (mm)

(1) If pipe is orderedby its nominalwallthickness, the manufacturing tolerance onwall thickness must be taken into account.After the minimum pipe wall thickness, tm,is determined by eq. (7) or eq. (8), thisminimum thickness shall be increased byan amount sufficient to provide the manu-facturing tolerance allowed in the applica-ble pipe specification or required by theprocess. The next heavier commercialwall thickness shall then be selectedfrom thickness schedules such ascontained inASMEB36.10Mor frommanu-facturers’ schedules for other than stan-dard thickness.
(2) To compensate for thinning inbends, refer to para. 102.4.5.
(3) For cast piping components, refer topara. 102.4.6.
(4) Where ends are subject to formingor machining for jointing, the wall thick-ness of the pipe, tube, or componentafter such forming or machining shall3 SF shall be used in place of SE where casting quality factors areintended. See definition of SE. Units of P and SE must be identical.Mandatory Appendix A values must be converted to kilopascalswhen the design pressure is in kilopascals.
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not be less than tm minus the additionalthickness, A, provided for removal.
W = weld strength reduction factor (seepara. 102.4.7)x = 1 for seamless pipe or for seam-weldedpipe operating below the creep range
y = coefficient having values as given inTable 104.1.2-1

(b) Thickness of gray and ductile iron fittingsconveying liquids may be determined from ANSI/AWWA C110/A21.10 or ANSI/AWWA C153/A21.53.The thickness of ductile iron pipe may be determinedby ANSI/AWWA C115/A21.15 or ANSI/AWWA C150/A21.50. These thicknesses include allowances forfoundry tolerances and water hammer.
(c) While the thickness determined from eq. (7) or eq.(8) is theoretically ample for both bursting pressure andmaterial removed in threading, the following minimumrequirements aremandatory to furnish addedmechanicalstrength:
(1) Where steel pipe is threaded and used for steamservice at pressure above 250 psi (1750 kPa) or for waterservice above 100 psi (700 kPa) with water temperatureabove 220°F (105°C), the pipe shall be seamless, havingthe minimum ultimate tensile strength of 48,000 psi (330MPa) and a weight at least equal to Schedule 80 of ASMEB36.10M.
(2) Where threaded brass or copper pipe is used forthe services described in (1), it shall complywith pressureand temperature classifications permitted for thesemate-rials by other paragraphs of this Code and shall have awallthickness at least equal to that specified above for steelpipe of corresponding size.
(3) Plain end nonferrous pipe or tube shall haveminimum wall thicknesses as follows:

(-a) For nominal sizes smaller than NPS 3∕4 (DN20), the thickness shall not be less than that specifiedfor Type K of ASTM B88.
(-b) For nominal sizes NPS 3∕4 (DN 20) and larger,the wall thickness shall not be less than 0.049 in. (1.25mm). The wall thickness shall be further increased, asrequired, in accordance with para. 102.4.

104.1.3 Straight Pipe Under External Pressure. Fordetermining wall thickness and stiffening requirementsfor straight pipe under external pressure, the proceduresoutlined inASMEBPVC, SectionVIII,Division1,UG-28,UG-29, and UG-30 shall be followed.
104.2 Curved Segments of Pipe

104.2.1 Pipe Bends. Pipe bends shall be subject to thefollowing limitations:
(a) The minimum wall thickness shall meet the re-quirements of para. 102.4.5 and the fabrication require-ments of para. 129.
(b) Limits on flattening and buckling at bends may bespecifiedbydesign,dependingon theservice, thematerial,and the stress level involved. Where limits on flatteningandbuckling arenot specifiedbydesign, the requirementsof para. 129.1 shall be met.
104.2.2 Elbows. Elbows manufactured in accordancewith the standards listed in Table 126.1-1 are suitablefor use at the pressure–temperature ratings specifiedby such standards, subject to the requirements of para.106.

Table 104.1.2-1 Values of y

Material

Temperature, °F (°C)
900
(482)
and
Below

950
(510)

1,000
(538)

1,050
(566)

1,100
(593)

1,150
(621)

1,200
(649)

1,250
(677)
and

AboveFerritic steels 0.4 0.5 0.7 0.7 0.7 0.7 0.7 0.7Austenitic steels 0.4 0.4 0.4 0.4 0.5 0.7 0.7 0.7Nickel alloy UNS No. N06690 0.4 0.4 0.4 0.4 0.5 0.7 0.7 …Nickel alloys UNS Nos. N06617,N08800, N08810, N08825 0.4 0.4 0.4 0.4 0.4 0.4 0.5 0.7Cast iron 0.0 … … … … … … …Other metals [Note (1)] 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4GENERAL NOTES:(a) The value of y may be interpolated between the 50°F (27.8°C) incremental values shown in the Table.(b) For pipe with a Do/tm ratio less than 6, the value of y for ferritic and austenitic steels designed for temperatures of 900°F (480°C) and belowshall be taken as y = d/(d + Do).NOTE: (1) Metals listed in Mandatory Appendix A that are not covered by the categories of materials listed above.
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104.3 Intersections

104.3.1ð20Þ Branch Connections

(a) This paragraph gives rules governing the design ofbranch connections to sustain internal and external pres-sure in cases where the axes of the branch and the runintersect, and the angle between the axes of thebranch and of the run is between 45 deg and 90 deg, inclu-sive.Branch connections inwhich the smaller angle betweenthe axes of the branch and the run is less than 45 deg orbranch connections where the axes of the branch and therun do not intersect impose special design and fabricationproblems. The rules given herein may be used as a guide,but sufficient additional strength must be provided toensure safe service. Such branch connections shall bedesigned to meet the requirements of para. 104.7.
(b) Branch connections in piping may be made frommaterials listed in Mandatory Appendix A by the use ofthe following:
(1) fittings, such as tees, laterals, and crossesmade inaccordance with the applicable standards listed inTable 126.1-1 where the attachment of the branchpipe to the fitting is by butt welding, socket welding,brazing, soldering, threading, or a flanged connection.
(2) weld outlet fittings, such as cast or forgednozzles, couplings and adaptors, or similar itemswhere the attachment of the branch pipe to the fittingis by butt welding, socket welding, threading, or aflanged connection. Such weld outlet fittings are attachedto the run by welding similar to that shown inFigure 127.4.8-5 or Figure 127.4.8-6, as applicable.MSS SP-97 may be used for design and manufacturingstandards for integrally reinforced forged branchoutlet fittings. Couplings are restricted to a maximumof NPS 3 (DN 80).
(3) extruded outlets at right angles to the run pipe, inaccordance with (g), where the attachment of the branchpipe is by butt welding.
(4) piping directly attached to the run pipe bywelding in accordance with para. 127.4.8 or by socketwelding or threading as stipulated below.
(-a) socketwelded right angle branch connectionsmay be made by attaching the branch pipe directly to therun pipe provided
(-1) the nominal size of the branch does notexceed NPS 2 (DN 50) or one-fourth of the nominalsize of the run, whichever is smaller.
(-2) the depth of the socket measured at itsminimum depth in the run pipe is at least equal tothat shown in ASME B16.11. If the run pipe wall doesnot have sufficient thickness to provide the properdepth of socket, an alternate type of construction shallbe used.

(-3) the clearance between the bottom of thesocket and the end of the inserted branch pipe is in accor-dance with Figure 127.4.4-3.
(-4) the sizeof the filletweld isnot less than1.09times the nominal wall thickness of the branch pipe.

(-b) threaded right angle branch connections maybe made by attaching the branch pipe directly to the runprovided
(-1) the nominal size of the branch does notexceed NPS 2 (DN 50) or one-fourth of the nominalsize of the run, whichever is smaller.
(-2) the minimum thread engagement is six fullthreads for NPS 1∕2 (DN 15) and NPS 3∕4 (DN 20) branches;seven for NPS 1 (DN 25), NPS 11∕4 (DN 32), and NPS 11∕2(DN40) branches; and eight forNPS2 (DN50) branches. Ifthe run pipe wall does not have sufficient thickness toprovide the proper depth for thread engagement, an alter-native type of construction shall be used.

(c) Branch Connections Not Requiring Reinforcement. Apipe having a branch connection is weakened by theopening that must bemade in it. Unless the wall thicknessof the branch and/or run pipe is sufficiently in excess ofthat required to sustain the pressure, it is necessary toprovide additional material to meet the reinforcement re-quirements of (d) and (e). However, there are certainbranch connections for which supporting calculationsare not required. These are as follows:
(1) branch connections made by the use of a fitting(tee, lateral, cross, or branch weld-on fitting), manufac-tured in accordance with a standard l isted inTable 126.1-1, and used within the limits of pressure–temperature ratings specified in that standard.
(2) branch connections made by welding a couplingor half coupling directly to the runpipe in accordancewithFigure 127.4.8-6, provided the nominal diameter of thebranch does not exceed NPS 2 (DN 50) or one-fourththe nominal diameter of the run, whichever is less. Theminimum wall thickness of the coupling anywhere inthe reinforcement zone (if threads are in the zone,wall thickness is measured from the root of the threadto the minimum O.D.) shall not be less than that of theunthreaded branch pipe. In no case shall the thicknessof the coupling be less than that of ASME B16.11, Class3000.Small branchconnectionsNPS2 (DN50)or smaller asshown in Figure 127.4.8-7may be used, provided tw is notless than the thickness of Schedule 160 pipe of the branchsize.
(3) integrally reinforced fittings welded directly tothe run pipe when the reinforcements provided by thefitting and the deposited weld metal meet the require-ments of (d).
(4) integrally reinforced extruded outlets in the runpipe. The reinforcement requirements shall be in accor-dance with (g).
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(d) Branch Connections Subject to Internal Pressure
Requiring Reinforcement

(1) Reinforcement is required when it is notprovided inherently in the components of the branchconnection. This subparagraph gives rules covering thedesign of branch connections to sustain internal pressurein cases where the angle between the axes of the branchand of the run is between 45 deg and 90 deg.Subparagraph (e) gives rules governing the design ofconnections to sustain external pressure.
(2) Figure 104.3.1-1 illustrates the notations used inthe pressure–temperature design conditions of branchconnections. These notations are as follows:

b = subscript referring to branch
d1 = inside centerline longitudinal dimension ofthe finished branch opening in the run of thepipe, in. (mm)x = [Dob − 2(Tb − A)]/sin α
d2 = “half width” of reinforcing zone, in. (mm)x = the greater of d1 or (Tb − A) + (Th − A) + d1/2but in no case more than Doh, in. (mm)
Dob = outside diameter of branch, in. (mm)
Doh = outside diameter of header, in. (mm)
h = subscript referring to run or header
L4 = altitude of reinforcement zone outside ofrun, in. (mm)x = 2.5(Tb − A) + tr or 2.5(Th − A), whichever issmaller

Tb, Th = actual wall thickness (by measurement) orthe minimum wall thickness permissibleunder the purchase specification of thebranch or header pipe, in. (mm)
tmb, tmh = requiredminimumwall thickness, in. (mm),of the branch or header pipe as determinedby use of eq. (7) or eq. (8) in para. 104.1.2(a)

tr = thickness of attached reinforcing pad, inExample A, in. (mm); or height of thelargest 60 deg right triangle supported bythe run and branch outside diameterprojected surfaces and lying completelywithin the area of integral reinforcement,in Example B, in. (mm)
α = angle between axes of branch and run, deg

(-a) If the run pipe contains a longitudinal seamthat is not intersected by the branch, the stress valueof seamless pipe of comparable grade may be used todetermine the value of tmh for reinforcement calculationsonly. If thebranch intersects a longitudinalweld in the run,or if the branch contains a weld, the weld joint efficiencyfor either or both shall enter the calculations. If the branchand run both contain longitudinal welds, care shall betaken to ensure that the two welds do not intersecteach other.

(-b) The required reinforcement area in squareinches (square millimeters) for branch connectionsshall be the quantity
= =A A t A d(2 sin ) ( ) (2 sin )mh7 6 1Forrightangle connections, the requiredreinforce-ment becomes

= =A A t A d( )mh7 6 1The required reinforcement must be within thelimits of the reinforcement zone as defined in (-d).
(-c) The reinforcement required by (2) shall bethat provided by any combination of areas A1, A2, A3,

A4, and A5, as defined below and illustrated in Figure104.3.1-1 where
A1 = area provided by excess pipe wall in the run
x = (2d2 − d1)(Th − tmh)

A2 = area, in.2 (mm2), provided by excess pipe wall inthe branch for a distance, L4, above the run
x = 2L4 (Tb − tmb)/sin α

A3 = area provided by deposited weld metal beyondthe outside diameter of the run and branch,and for fillet weld attachments of rings, pads,and saddles
A4 = area provided by a reinforcing ring, pad, or inte-gral reinforcement. The value of A4may be takenin the samemanner inwhich excess headermetalis considered, provided theweldcompletely fusesthe branch pipe, run pipe, and ring or pad, or inte-gral reinforcement. For welding branch connec-tions refer to para. 127.4.8.
A5 = area provided by a saddle on right angle connec-tionsx = (O.D. of saddle − Dob)tr
A6 = pressure design area expected at the end ofservice life
x = (tmh − A)d1Portions of the reinforcement area may becomposed of materials other than those of the runpipe, but if the allowable stress of these materials isless than that for the run pipe, the corresponding calcu-lated reinforcement area provided by this material shallbe reduced in the ratio of the allowable stress beingapplied to the reinforcement area. No additional creditshall be taken for materials having higher allowablestress values than the run pipe.

(-d) Reinforcement Zone. The reinforcement zoneis a parallelogramwhosewidth shall extend a distance, d2,on each side of the centerline of the branch pipe, andwhose altitude shall start at the inside surface of therun pipe and extend to a distance, L4, from the outsidesurface of the run pipe.
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Figure 104.3.1-1 Reinforcement of Branch Connections
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Figure 104.3.1-1 Reinforcement of Branch Connections (Cont’d)

GENERAL NOTES:(a) This Figure illustrates the nomenclature of para. 104.3.1(d).(b) Required reinforcement area = A7 = A6 (2 − sin α) = (tmh − A)d1 (2 − sin α).(c) Available reinforcement areas = A1 + A2 + A3 + A4 + A5 (as applicable).(d) Available reinforcement areas ≥ required reinforcement area.NOTES:(1) When a ring or pad is added as reinforcement (Example A), the value of reinforcement area may be taken in the samemanner in which excess header metal is considered, provided the weldcompletely fuses thebranchpipe, headerpipe, and ringor pad. Typical acceptablemethodsofwelding thatmeet the above requirement are shown inFigure127.4.8-44, illustrations (c) and (d).(2) Width to height of rings and pads shall be reasonably proportioned, preferably on a ratio as close to 4:1 as the available horizontal space within the limits of the reinforcing zone along the runand the outside diameter of the branch will permit, but in no case may the ratio be less than 1:1.(3) Reinforcement saddles are limited to use on 90 deg branches (Example A Detail).
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(-e) Reinforcement of Multiple Openings. It ispreferred that multiple branch openings be spaced sothat their reinforcement zones do not overlap. If closerspacing is necessary, the following requirement shallbe met. The two or more openings shall be reinforcedin accordance with (2), with a combined reinforcementthat has a strength equal to the combined strength ofthe reinforcement thatwould be required for the separateopenings. No portion of the cross section shall be consid-eredasapplying tomore thanoneopening,orbeevaluatedmore than once in a combined area.When more than two adjacent openings areprovided with a combined reinforcement , theminimum distance between centers of any two ofthese openings should preferably be at least 11∕2 timestheir average diameter, and the area of reinforcementbetween them shall be at least equal to 50% of thetotal required for these two openings.
(-f) Rings, Pads, and Saddles. Reinforcementprovided in the form of rings, pads, or saddles shallnot be appreciably narrower at the side than at the crotch.A vent hole shall be provided at the ring, pad, orsaddle to provide venting during welding and heat treat-ment. Refer to para. 127.4.8(e).Rings, pads, or saddles may be made in more thanone piece, provided the joints between pieces have fullthickness welds, and each piece has a vent hole.
(-g) Other Designs. The adequacy of designs towhich the reinforcement requirements of para. 104.3cannot be applied shall be proven by burst or prooftests on scalemodels or on full-size structures, or by calcu-lations previously substantiated by successful service ofsimilar design.

(e) Branch Connections Subject to External Pressure
Requiring Reinforcement. The reinforcement area insquare inches (square millimeters) required for branchconnections subject to external pressure shall be

t d0.5 (2 sin )mh 1where tmh is the required header wall thickness deter-mined for straight pipe under external pressure, usingprocedures outlined in ASME BPVC, Section VIII, Division1, UG-28, UG-29, UG-30, and UG-31.Procedures established heretofore for connectionssubject to internal pressure shall apply for connectionssubject to external pressure provided that Doh, Dob, and
tr are reduced to compensate for external corrosion, ifrequired by design conditions.
(f) Branch Connections Subject to External Forces and

Moments. The requirements of the preceding paragraphsare intended to ensure safe performance of a branchconnection subjected only to pressure. However, whenexternal forces and moments are applied to a branchconnection by thermal expansion and contraction; bydead weight of piping, valves, and fittings, coveringand contents; or by earth settlement, the branch connec-

tion shall be analyzed considering the stress intensifica-tion factors as specified in ASMEB31J. Use of ribs, gussets,and clamps designed in accordance with para. 104.3.4 ispermissible to stiffen the branch connection, but theirareas cannot be counted as contributing to the requiredreinforcement area of the branch connection.
(g) Extruded Outlets Integrally Reinforced
(1) The following definitions, modifications, nota-tions, and requirements are specifically applicable toextruded outlets. The designer shall make proper wallthickness allowances in order that the requiredminimum reinforcement is ensured over the design lifeof the system.
(2) Definition. An extruded outlet header is definedas a header in which the extruded lip at the outlet has analtitude above the surface of the run that is equal to orgreater than the radius of curvature of the externalcontoured portion of the outlet; i.e., ho ≥ ro. See nomen-clature and Figure 104.3.1-2.
(3) These rules apply only to cases where the axis ofthe outlet intersects and is perpendicular to the axis of therun. These rules do not apply to any nozzle in which addi-tional nonintegral material is applied in the form of rings,pads, or saddles.
(4) The notation used herein is illustrated inFigure 104.3.1-2. All dimensions are in inches (milli-meters).

db = corroded internal diameter of branch pipe
dc = corroded internal diameter of extrudedoutlet measured at the level of theoutside surface of the run

Dob = outside diameter of branch pipe
Doh = outside diameter of run
dr = corroded internal diameter of run
ho = height of the extruded lip. Thismustbeequalto or greater than ro, except as shown in (b)under the definition of ro.
L8 = altitude of reinforcement zone
x = D T0.7 ob o

r1 = half width of reinforcement zone (equal to
dc)

ro = radius of curvature of external contouredportion of outlet measured in the planecontaining the axes of the run andbranch. This is subject to the followinglimitations:
(-a) Minimum Radius. This dimensionshall not be less than 0.05Dob except thaton branch diameters larger than NPS 30(DN 750), it need not exceed 1.50 in. (38mm).
(-b) Maximum Radius. For outlet pipesizes 6 in. (150 mm) nominal and larger,this dimension shall not exceed 0.10Dob +0.50 in. (0.10Dob + 12.7 mm). For outletpipe sizes less than NPS 6 (DN 150), this
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Figure 104.3.1-2 Reinforced Extruded Outlets

NOTES:(1) Taper bore inside diameter (if required) to match branch pipe 1:3 maximum taper.(2) Illustration to show method of establishing To when the taper encroaches on the crotch radius.(3) Illustration is drawn for condition where k = 1.00.
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dimension shall be not greater than 1.25 in.(32 mm).
(-c) When the external contour containsmore than one radius, the radius of any arcsector of approximately 45 deg shall meetthe requirements of (-a) and (-b). Whenthe external contour has a continuouslyvarying radius, the radius of curvature atevery point on the contour shall meet therequirements of (-a) and (-b).
(-d) Machining other than grinding forweld cleanup shall not be employed tomeet the above requirements.

Tb − A = actual wall thickness (by measurement) orthe minimum wall thickness permissibleunder the purchase specification of thebranch pipe minus the corrosion allowance,in. (mm)
Th − A = actual wall thickness (by measurement) orthe minimum wall thickness permissibleunder the purchase specification of theheader pipe minus the corrosion allowance,in. (mm)
tmb − A = required thickness of branch pipe accordingto wall thickness eq. (7) or eq. (8) in para.104.1.2(a), but not including any thicknessfor corrosion
tmh − A = required thickness of the run according toeq. (7) or eq. (8) in para. 104.1.2(a), butnot including any allowance for corrosion

To = corroded finished thickness of extrudedoutlet measured at a height equal to roabove the outside surface of the run
(5) The required area is defined as

=A K t A d( )mh c7where K shall be taken as follows:For Dob/Doh greater than 0.60,
=K 1.00For Dob/Doh greater than 0.15 and not exceeding 0.60,

= +K D D0.6 /ob oh

2

3For Dob/Doh equal to or less than 0.15,
=K 0.70The designmustmeet criteria that the reinforcementarea defined in (6) is not less than the required area.

(6) ReinforcementArea.Thereinforcementarea shallbe the sum of areas

+ +A A A1 2 4as defined below.
(-a) Area A1 is the area lying within the reinforce-ment zone resulting fromanyexcess thickness available inthe run wall.

=A d T t( )c h mh1

(-b) Area A2 is the area lying within the reinforce-ment zone resulting fromanyexcess thickness available inthe branch pipe wall.
=A L T t2 ( )b mb2 8

(-c) Area A4 is the area lying within the reinforce-ment zone resulting fromexcess thickness available in theextruded outlet lip.
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(7) Reinforcement of Multiple Openings. It ispreferred that multiple branch openings be spaced sothat their reinforcement zones do not overlap. If closerspacing is necessary, the following requirements shallbe met. The two or more openings shall be reinforcedin accordance with (g) with a combined reinforcementthat has a strength equal to the combined strength ofthe reinforcement that would be required for separateopenings. No portion of the cross section shall be consid-eredasapplying tomore thanoneopening,orbeevaluatedmore than once in a combined area.
(8) In addition to the above, the manufacturer shallbe responsible for establishing andmarking on the sectioncontaining extruded outlets the design pressure andtemperature. The manufacturer’s name or trademarksshall be marked on the section.

104.3.3 ð20ÞMiters. Miter joints, and the terminologyrelated thereto, are described in ASME B31J. A widelyspaced miter with
<

t

r

9 degn

shall be considered to be equivalent to a girth butt-weldedjoint, and the rules of this paragraph do not apply. Miterjoints, and fabricated pipe bends consisting of segments ofstraight pipe welded together, with θ equal to or greaterthan this calculated value may be used within the limita-tions described below.
(a) Pressure shall be limited to 10 psi (70 kPa) underthe following conditions:
(1) The assembly includes amiterweldwith θ > 22.5deg, or contains a segment that has a dimension

<B t6 n

(2) The thickness of each segment of the miter is notless than that determined in accordance with para. 104.1.
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(3) The contained fluid is nonflammable, nontoxic,and incompressible, except for gaseous vents to atmo-sphere.
(4) The number of full pressure cycles is less than7,000 during the expected lifetime of the piping system.
(5) Full penetration welds are used in joining mitersegments.

(b) Pressure shall be limited to100psi (700kPa) underthe conditions defined in (a)(2) through (a)(5), in additionto the following:
(1) the angle θ does not exceed 22.5 deg
(2) the assembly does not contain any segment thathas a dimension

<B t6 n

(c) Miters to be used in other services or at designpres-suresabove100psi (700kPa) shallmeet the requirementsof para. 104.7.
(1) When justification under para. 104.7 is based oncomparable service conditions, such conditions must beestablished as comparablewith respect to cyclic aswell asstatic loadings.
(2) When justification under para. 104.7 is based onan analysis, that analysis and substantiating tests shallconsider the discontinuity stresses that exist at the junc-ture between segments, both for static (including brittlefracture) and cyclic internal pressure.
(3) Thewall thickness, ts, of a segmentof amiter shallnot be less than specified in (-a) or (-b), depending on thespacing.
(-a) For closely spaced miter bends (see ASMEB31J for definition)

=t t
r R

r R

2 /

2(1 / )
s m

(-b) For widely spaced miters (see ASME B31J fordefinition)
= +t t r t(1 0.64 / tan )s m s(The above equation requires an iterative or quadraticsolution for ts.)

104.3.4 Attachments. External and internal attach-ments to piping shall be designed so as not to cause flat-tening of the pipe, excessive localized bending stresses, orharmful thermal gradients in the pipe wall. It is importantthat such attachments be designed to minimize stressconcentrations in applications where the number ofstress cycles, due to either pressure or thermal effect,is relatively large for the expected life of the equipment.

104.4 Closures

104.4.1 General. Closures for power piping systemsshall meet the applicable requirements of this Codeand shall comply with the requirements described in(a) or (b). Closures may be made
(a) by use of closure fittings, such as threaded orwelded plugs, caps, or blind flanges, manufactured inaccordance with standards listed in Table 126.1-1, andused within the specified pressure–temperatureratings, or
(b) in accordance with the rules contained in ASMEBPVC, Section I, PG-31 or Section VIII, Division 1, UG-34 and UW-13, calculated from

= +t t Amwhere
t = pressure design thickness, calculated for the givenclosure shape and direction of loading using appro-priate equations and procedures in ASME BPVC,Section I or Section VIII, Division 1The symbol A and the symbols used in determining t shallhave the definitions shown herein, instead of those givenin the ASME BPVC.Attachment of a welded flat permanent closure withonly a single fillet weld is not permitted.
104.4.2 Openings in Closures. Openings in closuresmay be made by welding, extruding, or threading. Attach-ment to the closure shall be in accordance with the limita-tions provided for such connections in para. 104.3.1 forbranch connections. If the size of the opening is greaterthan one-half of the inside diameter of the closure, theopening shall be designed as a reducer in accordancewith para. 104.6.Other openings in closures shall be reinforced in accor-dance with the requirements of reinforcement for abranchconnection.The total cross-sectional area requiredfor reinforcement in any plane passing through the centerof the opening and normal to the surface of the closureshall not be less than the quantity of d5t, where
d5 = diameter of the finished opening, in. (mm)
t = as defined in para. 104.4.1(b)

104.5 Pressure Design of Flanges and Blanks

104.5.1 Flanges — General

(a) Flanges of sizes NPS 24 (DN 600) and smaller thatare manufactured in accordance with ASME B16.1 andASME B16.5 shall be considered suitable for use at theprimary service ratings (allowable pressure at servicetemperature) except the slip-on flanges to ASME B16.5shall be limited in application to no higher than Class300 primary pressure service rating. Refer topara. 127.4.4.
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For flanges larger than NPS 24 (DN 600) and manufac-tured in accordance with the specifications and standardslisted in Table 126.1-1, the designer is cautioned about thedimensionally different designs that are available, as wellas the limitations of their application.Flanges not made in accordance with the specificationsand standards listed in Table 126.1-1 shall be designed inaccordance with ASME BPVC, Section VIII, Division 1,except that the requirements for fabrication, assembly,inspection, and testing, and the pressure and temperaturelimits for materials of this Code for Pressure Piping shallgovern. Certain notations used in the ASME Code, namely
P, Sa, Sb, and Sf, shall have the meanings described belowinstead of those given in the ASME Code. All other nota-tions shall be as defined in the ASME Code.

P = design pressure, psi (kPa) (see paras. 101.2.2 and101.2.4)
Sa = bolt designstress at atmospheric temperature, psi(kPa)
Sb = bolt design stress at design temperature, psi (kPa)
Sf = allowable stress for flange material or pipe, psi(kPa) (see para. 102.3.1 and Allowable StressTables; stress values converted fromMPa to kPa)For certain specific applications, see the limitations ofparas. 122.1.1(f) through 122.1.1(h).
(b) These flange design rules are not applicable to flatface designs employing full face gaskets that extendbeyond the bolts.
(c) The bolt design stress in (a) shall be as establishedin ASME BPVC, Section VIII, Division 1, NonmandatoryAppendix P for ferrous materials.
(d) Application of boltingmaterials for flanged joints iscovered in para. 108.5.
104.5.2 Blind Flanges

(a) Blind flanges manufactured in accordance with thestandards listed in Table 126.1-1 shall be consideredsuitable for use at the pressure–temperature rating speci-fied by such standards.
(b) The required thickness of blind flanges not manu-factured in accordance with standards in Table 126.1-1shall be calculated from eq. (13).

= +t t Am
(13)where

t = pressure design thickness as calculated for thegiven style of blind flange from the appropriateequations for bolted flat cover plates in ASMEBPVC, Section I. Certain notations used in thesee q u a t i o n s , n a m e l y P a n d S E [ s e epara. 104.1.2(a), footnote 3], shall be consideredto have the meanings described in para.104.1.2(a) instead of those given in the ASMECode. All other notations shall be as defined inthe ASME Code.

104.5.3 Blanks

(a) The required thickness of permanent blanks (seeFigure 104.5.3-1) shall be calculated from the equation
= +t t Amwhere

t = pressure design thickness as calculated fromeq. (14)
=t d

P

SE

3

16
6

(14)
See para. 104.1.2(a), footnote 3.

d6 = inside diameter of gasket for raised or flat (plain)face flanges, or the gasket pitch diameter forretained gasketed flanges, in. (mm)
(b) Blanks to be used for test purposes only shall have aminimum thickness not less than the pressure designthickness t specified above, except that P shall be notl e s s t h a n t h e t e s t p r e s s u r e a n d S E [ s e epara. 104.1.2(a), footnote 3]may be taken as the specifiedminimum yield strength of the blank material if the testfluid is incompressible.
(c) Attachment of a welded flat permanent blank withonly a single fillet weld is not permitted.

104.6 ReducersFlanged reducer fittings manufactured in accordancewith the standards listed in Table 126.1-1 shall be consid-ered suitable for use at the specified pressure–tempera-ture ratings. Where butt welding reducers are made to anominal pipe thickness, the reducers shall be consideredsuitable for use with pipe of the same nominal thickness.
104.7 Other Pressure-Containing Components

104.7.1 Listed Components. Pressure-containingcomponents manufactured in accordance with the stan-dards listed in Table 126.1-1 shall be considered suitablefor use under normal operating conditions at or below thespecified pressure–temperature ratings. However, theuser is cautioned that where certain standards or manu-facturers may impose more restrictive allowances forvariation from normal operation than those establishedby this Code, the more restrictive allowances shall apply.
104.7.2 ð20ÞSpecially Designed Components. The pres-sure design of components not covered by the standardslisted in Table 126.1-1 or for which design formulas andprocedures are not given in this Code shall be based oncalculations consistent with the design criteria of thisCode. These calculations shall be substantiated by oneor more of the means stated in (a) through (d).
(a) extensive, successful service experience undercomparable conditions with similarly proportionedcomponents of the same or similar material
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(b) experimental stress analysis, such as described inASME BPVC, Section VIII, Division 2, Annex 5-F
(c) proof test in accordance with ASME B16.9; MSS SP-97; or ASME BPVC, Section I, A-22
(d) detailed stress analysis, such as finite elementmethod, in accordancewithASMEBPVC, SectionVIII, Divi-sion 2, Part 5, except that the basic material allowables t r e s s f r om the A l l owab l e S t r e s s Tab l e s o fMandatory Appendix A or as calculated per para.123.1.2(b) shall be used in place of SmForanyof (a) through(d), it ispermissible to interpolatebetween sizes, wall thicknesses, and pressure classes andto determine analogies among related materials.Calculations and documentation showing compliancewith this paragraph shall be available for the owner’sapproval and, forboiler externalpiping, they shall beavail-able for the Authorized Inspector’s review.

104.8ð20Þ Analysis of Piping ComponentsTo validate a design under the rules in this paragraph,the complete piping system must be analyzed for condi-tions and criteria dealing with the effects of thermalexpansion, including movements of equipment,anchors, guides, and restraints, weight and othersustained loads, and applicable occasional loads suchas those described in para. 101. Each component inthe system must meet the limits in this paragraph. For

pipe and fittings, the pressure term in Figure 104.8-1,eqs. (15) and (16) may be replaced with the alternativeterm for Slp as defined in para. 102.3.2(a)(3). The pressureterm in eqs. (15) and (16) may not apply for bellows andexpansion joints. When evaluating stresses in the vicinityof expansion joints, consideration must be given to actualcross-sectional areas that exist at the expansion joint.
104.8.1 ð20ÞStress Due to Sustained Loads. The effects ofpressure, weight, and other sustained mechanical loadsshall meet the requirements of Figure 104.8-1, eq.(15). The nomenclature for the equation is as follows:

Ap = cross-sectional material area of thepipe
Do = nominal outside diameter of the pipe
Fa = longitudinal force due to weight andother sustained loads (excluding pres-sure)NOTE: Compressive forces are negativevalues.
Ia = sustained longitudinal force index. Inthe absence ofmore applicable data, Iais taken as 1.00.
Ii = sustained in-plane moment index. Inthe absence of more applicable data,

Ii is taken as the greater of 0.75ii

Figure 104.5.3-1 Types of Permanent Blanks
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and 1.00 (ii taken from ASME B31J,Table 1-1).
Io = sustained out-of-plane moment index.In the absence ofmore applicable data,

Io is taken as the greater of 0.75io and1.00 (io taken from ASME B31J, Table1-1).
It = sustained torsional moment index. Inthe absence of more applicable data, Itis taken as the greater of 0.75it and1.00 ( i t taken from ASME B31J,Table 1-1).

MiA, MoA, MtA = in-plane, out-of-plane, or torsionalmoment , r e spec t i ve l y , due tosustained loads [see para. 104.8.4(a)]
P = interna l des ign pressure (seepara. 101.2.2)
Sh = basic material allowable stress atd e s i g n t e m p e r a t u r e [ s e eparas. 101.3.2 and 102.3.2(b)]
SL = stresses due to pressure, weight, andother sustained loads
tn = nominal wall thickness of pipe
Z = nominal section modulus of pipe

104.8.2ð20Þ Stress Due to Occasional Loads.The effects ofpressure, weight, other sustained loads, and occasionalloads shall meet the requirements of Figure 104.8-1,eq. (16). The loadsdescribed in para. 101.5maybe consid-

eredasoccasional loads if the time limitationsof the termkare met.Terms for eq. (16) are as defined in para. 104.8.1, except
Fb = longitudinal force due toweight, othersustained loads (excluding pressure),a n d o c c a s i o n a l l o a d s [ s e epara. 104.8.4(b)]NOTE: Compressive forces are negativevalues.
k = 1.15 for occasional loads acting for nomore than 8 hr at any one time and nom o r e t h a n 8 0 0 h r / y r [ s e epara. 102.3.3(a)]x = 1.2 for occasional loads acting for nomore than 1 hr at any one time and nom o r e t h a n 8 0 h r / y r [ s e epara. 102.3.3(a)]

MiB, MoB, MtB = in-plane, out-of-plane, or torsionalmoment , r e spec t i ve ly , due tosustained loads plus occasionalloads [see para. 104.8.4(b)]
Po = pressure coincident with the occa-sional load being evaluated
So = stresses due to pressure, weight,sustained loads, and occasional loads

104.8.3 ð20ÞStress Due to Displacement Load Ranges.Theeffects of thermal expansion and other cyclic loads shallmeet the requirements of Figure 104.8-1, eq. (17).Terms are as defined in para. 104.8.1, except

Figure 104.8-1 ð20ÞEquations (15), (16), and (17)
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Fc = axial force range due to reference dis-placement load rangeNOTE: Compressive forces are negativevalues.
ia = axial force stress intensification factor.In the absence ofmore applicable data,

ia = 1.0 for elbows, pipe bends, andmiter bends (single, closely spaced,and widely spaced), and ia = io (or iwhen listed) in ASME B31J for othercomponents
iI, io, it = in-plane, out-of-plane, and torsionalstress intensification factors, respec-tively, for piping component asdefined by ASME B31J, Table 1-1

MiC, MoC, MtC = in-plane, out-of-plane, or torsionalmoment, respectively, loading rangeon the cross section due to the refer-encedisplacement load range. For flex-ibility analyses, the moments due tothe ambient to normal operatingtemperature range and eq. (1A) aretypically used [see paras. 102.3.2(b),104.8.4(a), and 119.7].
SA = allowable cyclic displacement stressrange [see para. 102.3.2(b)(1)]
SE = reference displacement stress range[see para. 104.8.4(c)]

104.8.4ð20Þ Application of Forces and Moments
(a) For Figure 104.8-1, eqs. (15) through (17), formoment convention to calculate stresses, the designermay refer to ASME B31J, Figure 1-1 for moments inbranch connections and ASME B31J, Figure 1-2 forpipe bends or welding elbows.
(b) When combining forces and moments due toweight, other sustained loads and forces, and occasionalloads, if the method of analysis for occasional loads, suchas earthquakeor other dynamic loads, is such that only theforce and moment magnitudes without relative algebraicsigns are obtained, the most conservative combination ofthe signed and unsigned forces and moments shall beused.
(c) Figure 104.8-1, eq. (17) shall be used to calculate Siwhen computing the total number of equivalent referencedisplacement stress range cycles , N [see para.102.3.2(b)(1), eq. (2)]. When calculating Si, the forceand moments associated with the i displacement range

cycle should be used rather than the reference displace-ment range cycle.
PART 3

SELECTION AND LIMITATIONS OF PIPING
COMPONENTS

105 PIPE

105.1 GeneralPipe conforming to the standards and specificationslisted in Mandatory Appendix A shall be used withinthe range of temperatures for which allowable stressesare given within the limitations specified herein.
105.2 Metallic Pipe

105.2.1 Ferrous Pipe

(a) Furnace butt welded steel pipe shall not be used forflammable, combustible, or toxic fluids.
(b) Ductile iron pipe may be used for design pressureswithin the ratings established by the standards and speci-fications listed in Tables 126.1-1 and A-5 and Notesthereto, and the limitations herein and in para. 124.6.Ductile iron pipe shall not be used for flammable, combus-tible, or toxic fluids. Temperature limits for the use ofductile iron pipe are often determined by the type of elas-tomeric gasket used in the pipe joints, or the lining mate-rial used on the internal surface of the pipe. It is theresponsibility of the designer to determine whetherthese components are suitable for use in the particularapplication being considered. See para. 106.1(e).
105.2.2 Nonferrous Pipe

(a) Copper and brass pipe for water and steam servicemaybeused for designpressuresup to250psi (1750kPa)and for design temperatures to 406°F (208°C).
(b) Copper and brass pipe for air may be used in accor-dance with the allowable stresses given in the AllowableStress Tables.
(c) Copper tubing may be used for dead-end instru-men t se rv i c e w i th the l im i t a t i ons s t a t ed inpara. 122.3.2(d).
(d) Copper, copper alloy, or aluminum alloy pipe ortube may be used under the conditions stated inpara. 124.7. Copper, copper alloy, or aluminum pipe ortube shall not be used for flammable, combustible, ortoxic fluids except as permitted in paras. 122.7 and 122.8.

105.3 Nonmetallic Pipe

(a) Rules and service limitations for plastic and elas-tomer-based piping materials, with or without fabric orfibrous material added for pressure reinforcement, aregiven in Mandatory Appendix N. These materials

Figure 104.8.4-1ð20Þ Cross Section Resultant
Moment Loading
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include thermoplastics and reinforced thermosettingresins.
(b) Metallic piping lined with nonmetals may be usedfor fluids that would corrode or be contaminated byunprotected metal. See para. 122.9 and MandatoryAppendix N.
(c) Reinforced concrete pipe may be used in accor-dance with the specifications listed in Table 126.1-1for water service up to 150°F (65°C).
(d) A flexible nonmetallic pipe or tube assemblymaybeused in applications where
(1) satisfactory service experience exists
(2) the pressure and temperature conditions arewithin the manufacturer’s recommendations
(3) the conditions described in paras. 104.7, 124.7,and 124.9 are met

106 FITTINGS, BENDS, AND INTERSECTIONS

106.1 Fittings

(a) Threaded, flanged, groovedandshouldered, socket-welding, butt-welding, compression, push-on, mechanicalgland, and solder-joint fittings made in accordance withthe applicable standards in Table 126.1-1 may be used inpower piping systems within the material, size, pressure,and temperature limitations of those standards, andwithin any further limitations specified in this Code.Mate-rial for fittings in flammable, combustible, or toxic fluidsystems shall, in addition, conform to the requirements ofparas. 122.7 and 122.8.
(b) Fittings not covered by the standards listed inTable 126.1-1 may be used if they conform to para. 104.7.
(c) Cast butt-welding steel fittings not covered by thedimensional standards listed inTable126.1-1maybeusedup to the manufacturer’s pressure and temperatureratings, provided they are radiographed in accordancewith MSS SP-54. Fittings with discontinuities in excessof those permitted by MSS SP-54 shall be rejected. Thepurchaser may allow the repair of a rejected fittingprovided it is reexamined and accepted in accordancewith the requirements of MSS SP-54.
(d) Fabricated ends for grooved and shouldered typejoints are acceptable, provided they are attached by fullpenetrationwelds, double filletwelds, or threading. Fabri-cated ends attached by single fillet welds are not accept-able.
(e) Elastomeric gasket bell end fittings complying withapplicable standards listed in Table 126.1-1 may be usedfor water service. Temperature limits for gray and ductileiron fittings using ANSI/AWWA C111/A21.11 joints are150°F (65°C) for push-on joints and 120°F (49°C) formechanical joints, based on standard water servicegasket and lining materials. Fittings of this type usingalternative materials, as allowed by AWWA C111, maybe used for nonflammable, nontoxic service to 212°F(100°C), where suitability for the fluid and operating

conditions has been established by test or experience.Temperature limits for bell and spigot fittings in nonme-tallic pipe shall be per para. 105.3.
106.2 Bends and IntersectionsBends and extruded branch connections may be usedwhen designed in accordance with the provisions ofparas. 104.2 and 104.3, respectively. Miters may beused within the limitations of para. 104.3.3.
106.3 Pipe Couplings and Unions

(a) Cast iron andmalleable iron pipe couplings shall belimited in application as referenced in paras. 124.4 and124.5, respectively.
(b) Straight thread couplings shall not be used.
(c) Class 3000 steel pipe unions constructed in accor-dance with MSS SP-83 may be used, provided the systemdesign conditions are within the standard’s listed pres-sure–temperature ratings.

106.4 Flexible Metal Hose Assembly

(a) Flexible metal hose assemblies may be used toprovide flexibility in a piping system, to isolate orcontrol vibration, or to compensate for misalignment.The design conditions shall be in accordance withpara. 101 and within the limitations of the assembly asrecommended by the manufacturer. The basis for theirapplication shall include the following service conditions:thermal cycling, bend radius, cycle life, and the possibilityof corrosion and erosion. Installation shall be limited to asingle-plane bend, free from any torsion effects duringservice conditions and nonoperating periods. Type ofend-connector components shall be consistent with therequirements of this Code.
(b) A flexible metal hose assembly, consisting of onecontinuous length of seamless or butt welded tubewith helical or annular corrugations, is not limited asto application in piping systems that are within thescope of this Code, provided that the conditions describedin (a) aremet. For application subject to internal pressure,the flexible element shall be containedwithin one ormoreseparate layers of braided metal permanently attached atboth coupling ends by welding or brazing. For applicationin toxic fluid systems, it is recommended that the designeralso review the standards published by the relevant fluidindustry for any additional safety and materials require-ments that may be necessary.
(c) A flexible metal hose assembly consisting of woundinterlocking metal strips may be applied to atmosphericvent systems only and shall not be used in systems thatconvey high-temperature, flammable, toxic, or searching-type fluids. Where applicable, as determined by thedesigner and within the limitations described inpara. 122.6 and those imposed by the manufacturer,
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this type of hose assembly may be used at pressure-relieving devices.
107 VALVES

107.1 General

(a) Valves complying with the standards and specifica-tions listed inTable 126.1-1 shall be usedwithin the speci-fied pressure–temperature ratings. Unless otherwiserequired in the individual standards and specificationslisted in Table 126.1-1, such steel valves shall be pressuretested in accordance with MSS SP-61.
(b) Valvesnot complyingwith (a) shall beof adesign, orequal to the design, that the manufacturer recommendsfor the service as stipulated in para. 102.2.2. Such valvesshall be pressure tested in accordance with MSS SP-61.
(c) Some valves are capable of sealing simultaneouslyagainst a pressure differential between an internal cavityof the valve and the adjacent pipe in both directions.Where liquid is entrapped in such a valve and is subse-quently heated, a dangerous rise in pressure can result.Where this condition is possible, the owner shall providemeans in design, installation, and/or operation to ensurethat the pressure in the valve shall not exceed the ratedpressure for the attained temperature. A relief deviceusedsolely for the overpressure protection from suchentrapped fluid and conforming to (a) or (b) need notcomply with the requirements of para. 107.8. Any pene-tration of the pressure-retaining wall of the valve shallmeet the requirements of this Code.
(d) Only valves designed such that the valve stem isretained fromblowoutbyanassembly that functions inde-pendently of the stem seal retainer shall be used.
(e) Materials used for pressure retention for valves inflammable, combustible, or toxic fluid systems shall inaddition conform to the requirements of paras. 122.7and 122.8.
(f) When selecting diaphragm valves in accordancewithMSSSP-88, the designer shall specify theproper cate-gory pressure–temperature rating for the system designconditions, and should consider the expected in-serviceand shelf lives of the diaphragm material.
(g) Pressure-regulating valves may have pressureratings in accordancewithANSI/FCI Standard79-1. Regu-lators having two static pressure ratings, i.e., inlet vs.outlet, shall be installed with adequate overpressureprotectiondevices toprevent excessivedownstreampres-sure resulting from any system failure. Refer toparas. 122.5 and 122.14.

107.2 MarkingEach valve shall bear themanufacturer’s nameor trade-mark and reference symbol to indicate the service condi-tions for which the manufacturer guarantees the valve.The marking shall be in accordance with ASME B16.5

and ASME B16.34. MSS SP-25 may also be used forguidance.
107.3 EndsValves may be used with flanged, threaded, buttwelding, socket welding, or other ends in accordancewith applicable standards as specified in para. 107.1(a).
107.4 Stem ThreadsWhere threadedstemvalvesareused, stemthreadsmaybe internal or external with reference to the valve bonnet.Outsidescrewandyokedesignshall beused forvalvesNPS3 (DN 80) and larger for pressures above 600 psi (4135kPa). This requirement is not applicable to quarter-turnvalves that comply with all other provisions of this Code.
107.5 Bonnet JointsBonnet joints may be flanged, welded, pressure seal,union type, or other design, except that screwedbonnet connections in which the seal depends on asteam-tight threaded joint shall not be permitted assource valves in steam service at pressures above 250psi (1750 kPa).
107.6 BypassesSizes of bypasses shall be in accordancewithMSS SP-45as aminimum standard. Pipe for bypasses shall be at leastSchedule 80 seamless, and of a material of the samenominal chemical composition and physical propertiesas that used for the main line. Bypasses may be integralor attached.
107.8 Pressure-Relieving Valves and Devices

107.8.1 General.Pressure-relieving valves and devicesshall conform to the requirements specified in this Codefor flanges, valves, and fittings for the pressures andtemperatures to which they may be subjected.
107.8.2 Pressure-Relieving Valves on Boiler External

Piping. Safety, safety relief, and power-actuatedpressure-relieving valves on boiler external piping shall be in accor-dance with para. 122.1.7(d).
107.8.3 ð20ÞPressure Relief Requirements on Nonboiler

External Piping
(a) Reheater safety valves on reheat piping shallconform to para. 122.1.7(d).
(b) Safety, safety relief, relief, and pilot-operated pres-sure relief valves shall be in accordance with ASME BPVC,Section VIII, Division 1, UG-126.
(c) Nonreclosing pressure relief devices, such asrupture disks, pin devices/valves, and spring-loadednonreclosing devices, shall be in accordance withASME BPVC, Section VIII, Division 1, UG-127.
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(d) Valves and devices in (b) and (c) shall beconstructed, manufactured, rated, and marked in accor-dance with the requirements of ASME BPVC, Section VIII,Division 1, UG-128 through UG-132 and UG-136 throughUG-138.
(e) Capacity certification and the ASME CertificationMark and Designator are not required for valves withset pressures 15 psig [100 kPa (gage)] and lower.
107.8.4 Nonmandatory Appendix. For nonmandatoryrules for the design of safety valve installations, seeNonmandatory Appendix II.

108 PIPE FLANGES, BLANKS, FLANGE FACINGS,
GASKETS, AND BOLTING

108.1 FlangesFlanges shall conform to the design requirements ofpara. 104.5.1 or to the standards listed in Table126.1-1. They may be integral or shall be attached topipe by threading, welding, brazing, or other meanswithin the applicable standards specified inTable126.1-1.
108.2 BlanksBlanks shall conform to the design requirements ofpara. 104.5.3.
108.3 Flange FacingsFlange facings shall be inaccordancewith theapplicablestandards listed in Tables 112-1 and 126.1-1. Whenbolting Class 150 standard steel flanges to flat facecast iron flanges, the steel flange shall be furnishedwith a flat face. Steel flanges of Class 300 raised face stan-dard may be bolted to Class 250 raised face cast iron.
108.4 GasketsGaskets shall be made of materials that are not injur-iously affected by the fluid or by temperature. They shallbe in accordance with Table 112-1.
108.5 U.S. Customary Bolting

108.5.1 General

(a) Bolts, bolt studs, nuts, and washers shall complywith applicable standards and specifications listed inTables 112-1 and 126.1-1. Bolts and bolt studs shallextend completely through the nuts.
(b) Washers, when used under nuts, shall be of forgedor rolled material with steel washers being used understeel nuts and bronze washers under bronze nuts.
(c) Nuts shall be provided in accordance with the re-quirementsof the specification for thebolts andbolt studs.
(d) Alloy steel bolt studs shall be either threaded fulllength or provided with reduced shanks of a diameter notless than that at the root of the threads. They shall have

ASME heavy hexagonal nuts. Headed alloy bolts shall notbe used with other than steel or stainless steel flanges.
(e) All alloy steel bolt studs and carbon steel bolts orbolt studs and accompanying nuts shall be threaded inaccordance with ASME B1.1 Class 2A for externalthreads and Class 2B for internal threads. Threadsshall be the coarse-thread series except that alloy steelbolting 11∕8 in. and larger in diameter shall be the 8-pitch-thread series.
(f) Carbon steel headed bolts shall have square, hex, orheavy hex heads (ASME B18.2.1) and shall be used withhex or heavy hex nuts (ASME B18.2.2). For bolt sizessmaller than 3 ∕4 in., square or heavy hex heads andheavy hex nuts are recommended. For bolt sizes largerthan 11∕2 in., bolt studs with a hex or heavy hex nut oneach end are recommended. For cast iron or bronzeflanges using 3 ∕4 in. and larger carbon steel headedbolts, square nuts may be used.
108.5.2 For the various combinations of flange mate-rials, the selection of bolting materials and related rulesconcerning flange faces and gaskets shall be in accordancewith para. 108 and Table 112-1.
108.5.3 Bolting requirements for components notcovered by para. 108.5.2 shall be in accordance withpara. 102.2.2.

108.6 Metric Bolting

108.6.1 General. The use of metric bolts, bolt studs,nuts, and washers shall conform to the general require-ments of para. 108.5, but the following are allowed:
(a) Threads shall be in accordance with ASME B1.13M,M profile, with tolerance Class 6g for external threads andClass 6H for internal threads.
(b) Threads shall be the coarse-thread series for sizeM68 and smaller, and 6 mm fine-pitch for M70 and largersizes, except that alloysteelboltingM30and larger shall bethe 3 mm fine-pitch.
(c) Nuts shall be heavy hex in accordance with ASMEB18.2.4.6M. Headed bolts shall be either hex or heavy hexin accordance with ASME B18.2.3.5M and ASMEB18.2.3.6M, respectively. Heavy hex heads are recom-mended for headed bolt sizes M18 and smaller.
(d) Bolt studs are recommended in lieu of headed boltsfor sizes M39 and larger.
108.6.2 Responsibilities When Specifying or Allowing

Metric Bolting

(a) The piping designer is responsible for specifyingthe metric bolt size to be used with each class and sizeof flange.
(b) The designer shall ensure that the selected metricsize will fit within the flange bolt holes, and that adequatespace exists for bolt heads, nuts, and the assembly tool.
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(c) In those instances where the selected metric boltsize is smaller in root thread area than the correspondingU.S. Customary size, the designer shall ensure that theselected size is capable of the required assemblytorque and of producing the required gasket loading toadequately seal at design pressure. Further, the designershall ensure sufficient contact area exists between theflange metal and both the nut and bolt head to withstandthe required bolt loading. If not, larger bolting or a higherflange class shall be selected.
PART 4

SELECTION AND LIMITATIONS OF PIPING JOINTS

110 PIPING JOINTSThe type of piping joint used shall be suitable for thedesign conditions and shall be selectedwith considerationof joint tightness, mechanical strength, and the nature ofthe fluid handled.
111 WELDED JOINTS

111.1 GeneralWelded joints may be used in any materials allowed bythis Code for which it is possible to qualifyWPSs, welders,and welding operators in conformance with the rulesestablished in Chapter V.All welds shall be made in accordance with the appli-cable requirements of Chapter V.
111.2 Butt Welds

111.2.1 Design of Butt Welds. The design of butt weldsshall include the evaluationof anyexpected jointmisalign-ment [para. 127.3(c)] thatmay result from specification ofjoint geometries at variancewith the recommendations ofthis Code.
111.2.2 Backing Rings for Butt Welds. If backing ringsare used in services where their presence will result insevere corrosion or erosion, the backing ring shall beremoved and the internal surface ground smooth. Insuch services, where it is impractical to remove thebacking ring, consideration shall be given to weldingthe joint without a backing ring, or with a consumabletype insert ring.

111.3 Socket Welds

111.3.1 Restrictions on size of socket welded compo-nents are given in paras. 104.3.1(b)(4), 122.1.1(h), and122.8.2(c). Special consideration should be given tofurther restricting the use of socket welded pipingjoints where temperature or pressure cycling or severevibration is expected to occur or where the servicemay accelerate crevice corrosion.

111.3.2 Dimensions for sockets of socket weldingcomponents shall conform to ASME B16.5 for flangesand ASME B16.11 for fittings. Assembly of socketwelded joints shall be made in accordance withpara. 127.3(e).
111.3.3 A branch connection socket welded directlyinto the wall of the run pipe shall be in accordancewith requirements of para. 104.3.1(b)(4).
111.3.4 Drains and bypasses may be attached to afitting or valve by socket welding, provided the socketdepth, bore diameter, and shoulder thickness conformto the requirements of ASME B16.11.

111.4 Fillet WeldsFillet welds shall have dimensions not less than theminimum dimensions shown in Figures 127.4.4-2,127.4.4-3, and 127.4.8-4.
111.5 Seal WeldsSeal welding of connections, including threaded joints,may be used to avoid joint leakage, but the welding shallnot be consideredas contributing any strength to the joint.Also see para. 127.4.5. Seal welded threaded joints aresubject to the limitations of para. 114.
112 FLANGED JOINTSFlanged joints shall conform to paras. 108 and 110 andTable 112-1.
113 EXPANDED OR ROLLED JOINTSExpanded or rolled joints may be used where experi-ence or test has demonstrated that the joint is suitable forthe design conditions and where adequate provisions aremade to prevent separation of the joint.
114 THREADED JOINTSThreaded joints may be used within the limitationsspecified in para. 106 and within the other limitationsspecified herein.
114.1 Threads on Piping ComponentsAll threads on piping components shall be taper pipethreads in accordancewith the applicable standards listedin Table 126.1-1. Threads other than taper pipe threadsmaybeused for piping componentswhere tightness of thejointdependsonasealweldora seating surfaceother thanthe threads, and where experience or test has demon-strated that such threads are suitable.
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Table 112-1 ð20ÞPiping Flange Bolting, Facing, and Gasket Requirements (Refer to Paras. 108, 110, and 112)

Item
Flange A Mating With Flange B

Bolting Flange Facings GasketsFlange A Flange B(a) Class 25 cast iron Class 25 cast iron (a)(1) “Low strength”[Notes (1) through (3)] (a)(1) Flat (a)(1) Flat ring nonmetallic toASME B16.21, Table 1(a)(2) “Higher strength” or“low strength”[Notes (1) through (5)] (a)(2) Flat (a)(2) Full face nonmetallic toASME B16.21, Table 1
(b) Class 125 cast iron Class 125 cast iron, “Low strength”[Notes (1) through (3)] Flat Flat ring; nonmetallic toASME B16.21, Table 2Class 150 steel and stainlesssteel (excluding MSS SP-51),orClass 150 ductile iron(c) Class 125 cast iron, Class 125 cast iron, “Higher strength” or “lowstrength” [Notes (1)through (7)] Flat Full face nonmetallic toASME B16.21, Table 2[Notes (8) and (9)]Class 150 bronze, Class 150 bronze,MSS SP-51 stainless steel, or Class 150 steel and stainlesssteel (including MSS SP-51),Nonmetallic Class 150 ductile iron, orNonmetallic(d) Class 150 steel and stainlesssteel (excluding MSS SP-51),orClass 150 ductile iron

Class 150 steel and stainlesssteel (excluding MSS SP-51),orClass 150 ductile iron
(d)(1) “Low strength”[Notes (1) through (3)] (d)(1) Raised or flat on oneor both flanges (d)(1) Flat ring nonmetallic toASME B16.5, Table B-1,Group Ia[Note (10)](d)(2) “Higher strength”[Notes (3) through (5)] (d)(2) Raised or flat on oneor both flanges (d)(2) Ring style toASME B16.5, Table B-1,Groups Ia and Ib[Notes (10)and (11)](d)(3) “Higher strength” or“low strength”[Notes (1) through (5)] (d)(3) Flat (d)(3) Full facenonmetallic toASME B16.5, Table B-1,Group Ia material(e) Class 150 steel and stainlesssteel (excluding MSS SP-51) Class 150 steel and stainless steel(excluding MSS SP-51) “Higher strength”[Notes (3) through (5)] Ring joint Ring joint to ASME B16.20

(f) Class 250 cast iron Class 250 cast iron,Class 300 steel and stainless steel,orClass 300 ductile iron
(f)(1) “Low strength”[Notes (1) through (3)] (f)(1) Raised or flat on oneor both flanges (f)(1) Flat ring nonmetallic toASME B16.21, Table 3
(f)(2) “Higher strength” or“low strength”[Notes (1) through (5)] (f)(2) Flat (f)(2) Full face nonmetallic toASME B16.21, Table 6(Class 300)

ASM
E
B31.1-2020

43



Table 112-1 Piping Flange Bolting, Facing, and Gasket Requirements (Refer to Paras. 108, 110, and 112) (Cont’d)

Item
Flange A Mating With Flange B

Bolting Flange Facings GasketsFlange A Flange B(g) Class 300 bronze Class 250 cast iron,Class 300 bronze,Class 300 steel and stainless steel,orClass 300 ductile iron
“Higher strength” or “lowstrength” [Notes (1)through (7)] Flat Full face nonmetallic toASME B16.21, Table 11[Note (8)]

(h) Class 300 ductile iron Class 300 steel and stainlesssteel, orClass 300 ductile iron (h)(1) “Low strength”[Notes (1) through (3)] (h)(1) Raised or flat on one orboth flanges (h)(1) Flat ring nonmetallic toASME B16.5, Table B-1,Group Ia[Note (10)](h)(2) “Higher strength”[Notes (3) through (5)] (h)(2) Raised or flat on one orboth flanges (h)(2) Ring style toASME B16.5, Table B-1[Notes (10) and (11)](h)(3) “Higher strength” or“low strength”[Notes (1) through (5)] (h)(3) Flat (h)(3) Full facenonmetallic toASME B16.5, Table B-1,Group Ia material[Note (10)](i) Class 300 and higher classes,steel and stainless steel Class 300 and higher classes,steel and stainless steel (i)(1) “Low strength”[Notes (1) through (3)] (i)(1) Raised or flat on one orboth flanges; large orsmall male and female;large or small tongueand groove
(i)(1) Flat ring nonmetallic toASME B16.5, para. 6.11and Table B-1,Group Ia material[Note (10)](i)(2) “Higher strength”[Notes (3) through (5)] (i)(2) Raised or flat on one orboth flanges; large orsmall male and female;large or small tongueand groove
(i)(2) Ring style toASME B16.5, para. 6.11 andTable B-1[Notes (10) and (11)]

(i)(3) “Higher strength”[Notes (3) through (5)] (i)(3) Ring joint (i)(3) Ring joint toASME B16.20(j) Class 800 cast iron Class 800 cast iron “Low strength”[Notes (1) through (3)] Raised or large male andfemale Flat ring nonmetallic toASME B16.21, Table 4GENERAL NOTES:(a) Bolting (including nuts), flange facing, and gasket selection (materials, dimensions, bolt stress, gasket factor, seating stress, etc.) shall be suitable for the flanges, service conditions, andhydrostatic tests. There shall be no overstressing of the gasket or flanges from the expected bolt loading or external bending loads.(b) Unless otherwise stated, the flange facing described applies to both flanges A and B.(c) For flanges other than to ASMEB16.1, in sizes larger thanNPS 24 (DN600) [NPS 12 (DN300) in Class 2500], gasket dimensions should be verified against the flanges specified (e.g., MSS SP-44and API 605).(d) The effective seating of a full face gasket shall extend to the outside edge of the flange. For flat or raised face flanges, a flat ring or ring style gasket shall be self-centering, extending to the inneredgeof thebolt holes orbolts.Where the joint contains a cast iron, bronze, nonmetallic, orMSSSP-51 stainless steel flange, the effective gasket seating shall extend to theoutsidediameterof thegasket.
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Table 112-1 Piping Flange Bolting, Facing, and Gasket Requirements (Refer to Paras. 108, 110, and 112) (Cont’d)GENERAL NOTES: (Cont’d)(e) Unconfinednonmetallic gaskets shall not beusedon flat or raised face flanges if the expectednormal operatingpressure exceeds720psi (4950kPa) or the temperature exceeds750°F (400°C).Metal gaskets, spiral wound gaskets ofmetalwith nonmetallic filler, and confined nonmetallic gaskets are not limited as to pressure or temperature, provided the gasketmaterials are suitablefor the maximum fluid temperatures.NOTES:(1) “Low strength” bolting shall conform to ASTM:A193, Grade B8A, B8CA, B8MA, or B8TA A307, Grade B [bolting to A307, Grade B shall notbe used at temperatures greater than 400°F(200°C)] A320, Class 1, Grade B8, B8C, B8M, or B8TA193, Class 1, Grade B8, B8C, B8M, or B8T
Per ASME B16.5, these bolting materials may be used with all listed materials but are limited to Class 150 and Class 300 joints.(2) Nuts for “low strength” bolting shall conform to the grade of ASTM A194 or ASTM A563 as required by the bolting specification.(3) For temperatures below −20°F (−29°C), bolting conforming to the ASTMA320 classes and grades listed, respectively, in Note (4) “higher strength” and Note (1) “low strength” shall be used.For this bolting to ASTMA320, Grades L7, L7A, L7B, L7C, and L43, the nuts shall conform to ASTMA194, Grade 4 or Grade 7with impact requirements of ASTMA320. For bolting to the othergrades of ASTM A320, the nuts shall conform to ASTM A320.(4) “Higher strength” bolting shall conform to ASTM:A193, Grade B5, B6, B6X, B7, B7M, or B16 A320, Grade L7, L7A, L7B, L7C, or L43 A354, Grade BC or BDA193, Class 2, Grade B8, B8C, B8M, or B8T A320, Class 2, Grade B8, B8C, B8F, B8M, or B8T A437, Grade B4B, B4C, or B4D

A453, Grade 651 or 660(5) Nuts for “higher strength” bolting shall conform to the grade of ASTM A194, ASTM A437, ASTM A453, ASTM A563, or ASTM A564, as required by the bolting specification.(6) Additionally, for joints containing bronze flanges, nonferrous bolting conforming to the following may be used:ASTM B98, UNS C65100, C65500, and C66100; halfhard; to 350°F (177°C) maximum ASTM B150, UNS C63000 and C64200, to 550°F(288°C) maximum ASTMB164,UNSN04400, cold drawn, cold drawnand stress relieved,or cold drawn and stress equalized; and N04405, cold drawn,to 500°F (260°C) maximumASTM B150, UNS C61400, to 500°F (260°C)maximum ASTM B164, UNS N04400 and N04405; hot finish;550°F (288°C) maximum
(7) Where a flanged joint contains dissimilarmaterials (e.g., bronze flangeswith steel bolting) and has a design temperature exceeding 300°F (149°C), the differences in coefficients of expansionshall be considered.(8) For bronze flanges where “low strength” or nonferrous bolting is used, nonmetallic gaskets having seating stresses greater than 1,600 psi shall not be used.(9) For stainless steel flanges toMSSSP-51and fornonmetallic flanges, preferenceshall begiven togasketmaterialshaving the lowerminimumdesignseating stressas listed inASMEB16.5,TableB-1, Group Ia.(10) Where asbestos sheet, fiber, or filler material for gaskets is specified in ASME B16.5, this limitation shall not apply to ASME B31.1 applications. Any nonmetallic material suitable for theoperating conditions may be used in lieu of asbestos provided the requirements of this Table are met.(11) For items(d)(2), (h)(2), and (i)(2),where two flat face flanges areused ina joint and thegasket seatingwidth (consideringboth thegasket and the flanges) is greater than thatof anASMEB16.5flange having a standard raised face, the gasket material shall conform to ASME B16.5, Table B-1, Group Ia.

ASM
E
B31.1-2020

45



114.2 Threaded Joints, Access Holes With Plugs

114.2.1ð20Þ Threaded Joints

(a) Threaded joints are prohibited where any of thefollowing conditions is expected to occur:
(1) temperatures above 925°F (496°C), except aspermitted by paras. 114.2.2 and 114.2.3
(2) severe erosion
(3) crevice corrosion
(4) shock
(5) vibration

(b) The maximum size limitations in Table 114.2.1-1apply to threaded joints in the following services:
(1) steam and water at temperatures above 220°F(105°C)
(2) flammable gases, toxic gases or liquids, andnonflammable nontoxic gases [also subject to the excep-tions identified in paras. 122.8(b) and 122.8.2(c)(2)]

114.2.2ð20Þ Threaded Access Holes With Plugs. Threadedaccessholeswith plugs,which serve as openings for radio-graphic inspection of welds, are not subject to the limita-tions of para. 114.2.1 and Table 114.2.1-1, provided theirdesign and installation meet the requirement of para.114.1. A representative type of access hole and plug isshown in PFI ES-16.
114.2.3ð20Þ Threaded Connections for Insertion Devices.Threaded connections for insertion type instrument,control, and sampling devices are not subject to thetemperature limitation stated in para. 114.2.1 nor thepressure limitations stated in Table 114.2.1-1 providedthat design and installation meet the requirements ofparas. 104.3.1 and 114.1. At temperatures greater than925°F (495°C) or at pressures greater than 1,500 psi(10350 kPa), these threaded connections shall be sealwelded in accordance with para. 127.4.5. The designand installation of insertion type instrument, control,and sampling devices shall be adequate to withstand

the effects of the fluid characteristics, fluid flow, andvibra-tion.
114.3 Threaded Pipe WallPipe with a wall thickness less than that of standardweight of ASME B36.10M steel pipe shall not be threaded,regardless of service. See para. 104.1.2(c)(1) for addi-tional threading limitations for pipe used in
(a) steam service over 250 psi (1750 kPa)
(b) water service over 100 psi (700 kPa) and 220°F(105°C)

115 FLARED, FLARELESS, AND COMPRESSION
JOINTS, AND UNIONSFlared, flareless, and compression type tubing fittingsand cast copper alloy fittings for flared copper tubes maybe used for tube sizes not exceeding 2 in. (50 mm), andunionsmaybeused forpipe sizes not exceedingNPS3 (DN80) within the limitations of applicable standards andspecifications listed in Table 126.1-1. Pipe unions shallcomply with the limitations of para. 114.2.1.In the absence of standards, specifications, or allowablestress values for the material used to manufacture thefitting, the designer shall determine that the type andthe material of the fitting selected is adequate and safefor the design conditions in accordancewith the followingrequirements:

(a) The pressure design shallmeet the requirements ofpara. 104.7.
(b) A suitable quantity of the type, size, andmaterial ofthe fittings to be used shall meet successful performancetests to determine the safety of the joint under simulatedservice conditions. When vibration, fatigue, cyclic condi-tions, low temperature, thermal expansion, or hydraulicshock are expected, the applicable conditions shall beincorporated in the test.

115.1 CompatibilityFittings and their joints shall be compatible with thetubing or pipe with which they are to be used andshall conform to the range of wall thicknesses andmethod of assembly recommended by the manufacturer.
115.2 Pressure–Temperature RatingsFittings shall be used at pressure–temperature ratingsnot exceeding the recommendations of the manufacturer.Unions shall comply with the applicable standards listedwithinTable126.1-1andshall beusedwithin the specifiedpressure–temperature ratings. Service conditions, such asvibration and thermal cycling, shall be considered in theapplication.

Table 114.2.1-1 Threaded Joints Limitations

Maximum Size Maximum Pressure
NPS DN psi MPa3 80 400 321∕2 65 500 3.52 50 600 4
11∕2 40 900 611∕4 32 1,000 71 25 1,200 8≤3∕4 ≤20 1,500 10GENERALNOTE: For instrument, control, and sampling lines, refer topara. 122.3.6(a)(5).
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115.3 ThreadsSee para. 114.1 for requirements of threads on pipingcomponents.
115.4 Fitting and GrippingFlareless fittings shall be of a design in which the grip-ping member or sleeve shall grip or bite into the outersurface of the tube with sufficient strength to hold thetube against pressure, but without appreciably distortingthe inside tube diameter. The gripping member shall alsoform a pressure seal against the fitting body.Whenusingbite-type fittings, a spot check shall bemadeforadequatedepthofbite andconditionof tubingbydisas-sembling and reassembling selected joints.Grip-type fittings that are tightened in accordance withthemanufacturer’s instructions need not be disassembledfor checking.
116 BELL END JOINTS

116.1 Elastomeric-Gasket JointsElastomeric-gasket bell end joints may be used forwater and other nonflammable, nontoxic service whereexperience or tests have demonstrated that the joint issafe for the operating conditions and the fluid being trans-ported. Provisions shall be made to prevent disengage-ment of the joints at bends and dead ends, and tosupport lateral reactions producedby branch connectionsor other causes.
116.2 Caulked JointsCaulked joints, if used, shall be restricted to cold waterservice, shall not use lead as the caulking material inpotable water service, and shall be qualified as speciallydesigned components in accordance with para. 104.7.2.Provisions shall be made to prevent disengagement ofthe joints at bends and dead ends, and to supportlateral reactions produced by branch connections orother causes.
117 BRAZED AND SOLDERED JOINTS

117.1 Brazed JointsBrazed socket-type joints shall be made with suitablebrazing alloys. The minimum socket depth shall be suffi-cient for the intended service. Brazing alloy shall either beend-fed into the socket or be provided in the form of apreinserted ring in a groove in the socket. The brazingalloy shall be sufficient to fill completely the annular clear-ance between the socket and the pipe or tube. The limita-tions of paras. 117.3(a) and 117.3(d) shall apply.

117.2 Soldered JointsSoft soldered socket-type joints made in accordancewith applicable standards listed in Table 126.1-1 maybe used within their specified pressure–temperaturera t ings . The l imi ta t ions in paras . 117 .3 and122.3.2(e)(2)(-c) for instrument piping shall apply. Theallowances of para. 102.2.4 do not apply.
117.3 Limitations

(a) Brazed socket-type joints shall not be used onsystems containing flammable or toxic fluids in areaswhere fire hazards are involved.
(b) Soldered socket-type joints shall be limited tosystems containing nonflammable and nontoxic fluids.
(c) Soldered socket-type joints shall not be used inpiping subject to shock or vibration.
(d) Brazed or soldered joints depending solely on afillet, rather than primarily on brazing or soldering mate-rial between the pipe and sockets, are not acceptable.

118 SLEEVE COUPLED AND OTHER PROPRIETARY
JOINTSCoupling type, mechanical gland type, and otherproprietary joints may be used where experience ortests have demonstrated that the joint is safe for the oper-ating conditions, andwhere adequate provision ismade toprevent separation of the joint.

PART 5
EXPANSION, FLEXIBILITY, AND
PIPE-SUPPORTING ELEMENTS

119 EXPANSION AND FLEXIBILITY

119.1 GeneralIn addition to the design requirements for pressure,weight, and other sustained or occasional loadings (seeparas. 104.1 through 104.7, 104.8.1, and 104.8.2),power piping systems subject to thermal expansion,contraction, or other displacement-stress-producingloads shall be designed in accordance with the flexibilityand displacement stress requirements specified herein.
119.2 ð20ÞDisplacement Stress RangePiping system stress ranges caused by thermal expan-sion and piping displacements, referred to as displace-ment stress ranges , when of suf f ic ient ini t ia lmagnitude during system startup or extreme displace-ments, relax in the maximum stress condition as theresult of local yielding or creep. A stress reductiontakes place and usually appears as a stress of reversedsign when the piping system returns to the cold conditionfor thermal loads or the neutral position for extreme
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displacement loads. This phenomenon is designated asself-springing (or shakedown) of the piping and issimilar in effect to cold springing. The extent of self-springing depends on the material, the magnitude ofthe displacement stress ranges, the fabrication stresses,the hot service temperature, and the elapsed time. Whilethedisplacement stresses in thehotordisplacedconditiontend to diminish with time and yielding, the sum of thedisplacement strains for the maximum and minimumstress conditions during any one cycle remains substan-tially constant. This sum is referred to as the strain range.However, to simplify the evaluation process, the strainrange is converted to a stress range to permit themore usual association with an allowable stress range.The allowable stress range shall be as determined inaccordance with para. 102.3.2(b).
119.3 Local OverstrainMost of the commonlyusedmethodsof piping flexibilityand cyclic stress analysis assume elastic or partly elasticbehavior of the entire piping system. This assumption issufficiently accurate for systems where plastic strainingoccurs at many points or over relatively wide regions, butfails to reflect the actual strain distribution in unbalancedsystems where only a small portion of the piping under-goes plastic strain, or where, in piping operating in thecreep range, the strain distribution is very uneven. Inthese cases, the weaker or higher stressed portionswill be subjected to strain concentrations due to elasticfollow-up of the stiffer or lower stressed portions. Unba-lance can be produced
(a) by use of small pipe runs in series with larger orstiffer pipe, with the small lines relatively highly stressed
(b) by local reduction in size or cross section, or localuse of a weaker material
(c) in a system of uniform size, by use of a line config-uration for which the neutral axis or thrust line is situatedclose to themajor portion of the line itself, with only a verysmall offset portion of the line absorbing most of theexpansion strainConditions of this type should preferably be avoided,particularly where materials of relatively low ductilityare used.

119.5 FlexibilityPower piping systems shall be designed to have suffi-cient flexibility to prevent piping displacements fromcausing failure from overstress of the piping components,overloading of anchors and other supports, leakage atjoints, or detrimental distortion of connected equipment.Flexibility shall be provided by changes in direction in thepiping through the use of fittings, bends, loops, andoffsets.When piping bends, loops, and offsets are not able toprovide adequate flexibility, provisions may be madeto absorb piping displacements by using expansion,swivel, or ball joints, or flexible metal hose assemblies.

119.5.1 Expansion, Swivel, or Ball Joints, and Flexible
Metal Hose Assemblies. Except as stated in para. 101.7.2,these components may be used where experience or testshave demonstrated that they are suitable for expectedconditions of pressure, temperature, service, and cycliclife.Restraints and supports shall be provided, as required,to limit movements to those directions and magnitudespermitted for the specific joint or hose assembly selected.
119.6 Piping PropertiesThe coefficient of thermal expansion andmoduli of elas-ticity shall be determined from Mandatory Appendices BandC,which covermore commonly usedpipingmaterials.Formaterials not included in those Appendices, referenceshall be to authoritative source data, such as publicationsof the National Institute of Standards and Technology.

119.6.1 Coefficient of Thermal Expansion. The coeffi-cient of thermal expansion shall be determined fromvalues given in Mandatory Appendix B. The coefficientused shall be based on the highest average operatingmetal temperature and the lowest ambient metaltemperature, unless other temperatures are justified.Mandatory Appendix B values are based on the assump-tion that the lowest ambient metal temperature is 70°F(20°C). If the lowest metal temperature of a thermalrange to be evaluated is not 70°F (20°C), adjustment ofthe values in Mandatory Appendix B may be required.
119.6.2 Moduli of Elasticity. The cold and hot modulio f e las t ic i ty , E c and Eh , sha l l be as shown inMandatory Appendix C, Table C-1 for ferrous materialsand Table C-2 for nonferrous materials, based on thetemperatures established in para. 119.6.1.
119.6.3 Poisson’s Ratio. Poisson’s ratio, whenrequired for flexibility calculations, shall be taken as0.3 at all temperatures for all materials.
119.6.4 Stresses. Calculations for the stresses shall bebased on the least cross section area of the component,using nominal dimensions at the location under consid-eration. Calculation for the reference displacement stressrange, SE, shall be based on themodulus of elasticity, Ec, atroom temperature, unless otherwise justified.

119.7 Flexibility Analysis

119.7.1 Method of Analysis. All piping shall meet thefollowing requirements with respect to flexibility:
(a) It shall be the designer’s responsibility to performan analysis unless the system meets one of the followingcriteria:
(1) Thepiping systemduplicates a successfully oper-ating installation or replaces a system with a satisfactoryservice record.
(2) The piping system can be adjudged adequate bycomparison with previously analyzed systems.
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(3) Thepipingsystemisofuniformsize, hasnotmorethan two anchors and no intermediate restraints, isdesigned for essentially noncyclic service (less than7,000 total cycles), and satisfies the following approxi-mate criterion:
(U.S. Customary Units)
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D = nominal pipe size (NPS), in. (mm)
Ec = modulus of elasticity at room temperature, psi(kPa)
L = developed length of pipe (total length of pipetaken along the piping longitudinal axes), ft (m)
SA = allowable displacement stress range determinedin accordance with para. 102.3.2(b)(1), eq. (1A),psi (kPa)
U = anchor distance (length of straight line betweenthe anchors), ft (m)
Y = resultantdisplacementbetween theanchors tobeabsorbed by the piping system, in. (mm)

WARNING: No general proof can be offered that this equa-
tionwill yield accurate or consistently conservative results.
It was developed for ferrousmaterials and is not applicable
to systems used under severe cyclic conditions. It should be
used with caution in configurations such as unequal leg U-
bends, or near straight “saw-tooth” runs, or for large
diameter thin-wall pipe, or where extraneous displace-
ments (not in the direction connecting anchor points)
constitute a large part of the total displacement, or
where piping operates in the creep range. There is no assur-
ance that anchor reactions will be acceptably low, even
when a piping system meets the above requirements.

(b) All systemsnotmeeting theabove criteria, orwherereasonable doubt exists as to adequate flexibility betweenthe anchors, shall be analyzed by simplified, approximate,or comprehensive methods of analysis that are appro-priate for the specific case. The results of such analysisshall be evaluated using Figure 104.8-1, eq. (17).
(c) Approximate or simplifiedmethodsmay be appliedonly if they are used for the range of configurations forwhich their adequate accuracy has been demonstrated.
(d) Acceptable comprehensive methods of analysisinclude analytical methods, model tests, and chartmethods that provide an evaluation of the forces,moments, and stresses caused by bending and torsionfrom the simultaneous consideration of terminal andintermediate restraints to thermal expansion of the

entire piping system under consideration, and includingall external movements transmitted to the piping by itsterminal and intermediate attachments. Correctionfactors shall be applied for the stress intensification ofcurved pipe and branch connections, as provided bythe details of these rules, and may be applied for theincreased flexibility of such component parts.
119.7.3 ð20ÞBasic Assumptions and Requirements. Incalculating the flexibility or displacement stress rangesof a piping system between anchor points, the systembetween anchor points shall be treated as a whole. Thesignificance of all parts of the line and of all restraints,such as supports or guides, including intermediaterestraints introduced for reducing moments and forceson equipment or small branch lines, shall be considered.Flexibility calculations shall take into account stress-intensifying conditions found in components and joints.Credit may be taken when extra flexibility exists insuch components. In the absence of more directly appli-cable data, the flexibility factors and stress intensificationfactors shown in ASME B31J4 may be used.Dimensional properties of pipe and fittings used in flex-ibility calculations shall be based on nominal dimensions.The total reference displacement range resulting fromusing the coefficient of thermal expansion determined inaccordance with para. 119.6.1 shall be used, whether ornot the piping is cold sprung. Not only the expansion of theline itself, but also linear and angular movements of theequipment to which it is attached, shall be considered.Where simplifying assumptions are used in calculationsormodel tests, the likelihood of attendant underestimatesof forces, moments, and stresses, including the effects ofstress intensification, shall be evaluated.

119.8 MovementsMovements caused by thermal expansion and loadingsshall be determined for consideration of obstructions anddesign of proper supports.
119.9 Cold SpringThe beneficial effect of judicious cold springing inassisting a system to attain its most favorable positionsooner is recognized. Inasmuch as the life of a systemunder cyclic conditions depends on the stress rangerather than the stress level at any one time, no creditfor cold spring is allowedwith regard to stresses. In calcu-lating end thrusts and moments acting on equipment, theactual reactions at any one time, rather than their range,are significant. Credit for cold springing is accordingly
4The stress intensification factors in ASME B31J have been developedfrom fatigue tests of representative commercially available, matchingproduct forms and assemblies manufactured from ductile ferrous mate-rials. The allowable stress range is based on tests of carbon and stainlesssteels. Caution should beexercisedwhenapplying eqs. (1A) through (1C)and (13) for the allowable stress range for certain nonferrous materials(e.g., copper and aluminum alloys) for other than low-cycle applications.
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allowed in the calculation of thrusts and moments,provided an effective method of obtaining the designedcold spring is specified and used.
119.10 Reactions

119.10.1 Computing Hot and Cold Reactions. In apiping system with no cold spring or an equal percentageof cold springing in all directions, the reactions (forces andmoments) of Rh and Rc, in the hot and cold conditions,respectively, shall be obtained from the reaction, R,derived from the flexibility calculations based on themodulus of elasticity at room temperature, Ec, usingeqs. (18) and (19).
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whichever is greater, and with the further condition that
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C = cold spring factor varying from zero for nocold spring to 1.00 for 100% cold spring
Ec = modulus of elasticity in the cold condition, psi(MPa)
Eh = modulus of elasticity in the hot condition, psi(MPa)
R = maximum reaction for full expansion rangebased on Ec , which assumes the mostsevere condition (100% cold spring,whether such is used or not), lb and in.-lb(N and mm⋅N)

Rc , Rh = maximum reactions estimated to occur in thecold and hot conditions, respectively, lb andin.-lb (N and mm⋅N)
SE = computed thermal expansion stress range, psi(MPa)
Sh = basic material allowable stress at maximum(hot) temperature, without the 20 ksi limita-tion as noted in para. 102.3.2(b)If apiping system isdesignedwithdifferentpercentagesof cold spring in various directions, eqs. (18) and (19) arenot applicable. In this case, the piping system shall beanalyzed by a comprehensive method. The calculatedhot reactions shall be based on theoretical cold springsin all directions not greater than two-thirds of the coldsprings as specified or measured.

119.10.2 Reaction Limits. The reactions computedshall not exceed limits that the attached equipmentcan sustain. Equipment allowable reaction limits(forces andmoments) on piping connections are normallyestablished by the equipment manufacturer.
120 LOADS ON PIPE-SUPPORTING ELEMENTS

120.1 General

(a) The broad terms “supporting elements” or“supports” as used herein shall encompass the entirerange of the various methods of carrying the weight ofpipelines, insulation, and the fluid carried. It, therefore,includes “hangers” that are generally considered asthose elements that carry the weight from above, withthe supporting members being mainly in tension. Like-wise, it includes “supports” that on occasion are deli-neated as those that carry the weight from below, withthe supporting members being mainly in compression.Inmany cases a supporting elementmay be a combinationof both of these.
(b) In addition to the weight effects of piping compo-nents, consideration shall be given in the design of pipesupports to other load effects introduced by service pres-sure, wind, earthquake, etc., as defined in para. 101.Hangers and supporting elements shall be fabricatedand assembled to permit the free movement of pipingcaused by thermal expansion and contraction. Thedesign of elements for supporting or restraining pipingsystems, or components thereof, shall be based on allthe concurrently acting loads transmitted into thesupporting elements.
(c) Where the resonance with imposed vibration and/or shock occurs during operation, suitable dampeners,restraints, anchors, etc., shall be added to removethese effects.

120.2 Supports, Anchors, and Guides

120.2.1 Rigid-Type Supports

(a) The required strength of all supporting elementsshall be based on the loadings as given in para. 120.1,including the weight of the fluid transported or thefluid used for testing, whichever is heavier. The allowablestress in supporting equipment shall be as specified inpara. 121.2.
(b) Exceptions may be made in the case of supportingelements for large size gas or air piping, exhaust steam,and relief or safety valve relief piping, but only under theconditions where the possibility of the line becoming fullof water or other liquid is very remote.
120.2.2 Variable and Constant Supports. Load calcu-lations for variable and constant supports, such as springsor counterweights, should be based on the design oper-ating conditions of the piping. They shall not include theweight of the hydrostatic test fluid. However, the support
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shall be capable of carrying the total loadunder test condi-tions, unless additional support is providedduring the testperiod.
120.2.3 Anchors or Guides. Where anchors or guidesare provided to restrain, direct, or absorb piping move-ments, their design shall take into account the forces andmoments at these elements caused by internal pressureand thermal expansion.
120.2.4 Supplementary Steel.Where it is necessary toframe structural members between existing steelmembers, such supplementary steel shall be designedin accordance with American Institute of Steel Construc-tion specifications, or similar recognized structural designstandards. Increases of allowable stress values shall be inaccordance with the structural design standard beingused. Additional increases of allowable stress values,such as allowed in para. 121.2(j), are not permitted.

121 DESIGN OF PIPE-SUPPORTING ELEMENTS

121.1 GeneralDesign of standard pipe-supporting elements shall be inaccordance with the rules of MSS SP-58. Allowable stressvalues and other design criteria shall be in accordancewith this paragraph. Supporting elements shall becapable of carrying the sum of all concurrently actingloads as listed in para. 120. They shall be designed toprovide the required supporting effort and allow pipelinemovement with thermal changes without causing over-stress. The design shall also prevent complete releaseof the piping load in the event of spring failure or misa-lignment. All parts of the supporting equipment shall befabricated and assembled so that they will not be disen-gaged by movement of the supported piping. Themaximum safe loads for bolts, threaded hanger rods,and all other threaded members shall be based on theroot area of the threads. MSS SP-58 may be used forguidance with respect to selection and application ofpipe hangers and supports.
121.2 Allowable Stress Values

(a) Allowable stressvalues tabulated inMSSSP-58or inMandatory Appendix A of this Code Section may be usedfor the base materials of all parts of pipe-supportingelements.
(b) Where allowable stress values for a material spec-ification listed in Table 126.1-1 are not tabulated inMandatory Appendix A or in MSS SP-58, allowablestress values from ASME BPVC, Section II, Part D,Tables 1A and1Bmaybe used, provided the requirementsof para. 102.3.1(b) are met. Where there are no stressvalues given in ASME BPVC, Section II, Part D, Tables1A and 1B, an allowable stress value of 25% of theminimum tensile strength given in the material specifica-

tion may be used, for temperatures not exceeding 650°F(345°C).
(c) For a steelmaterial of unknownspecification, or of aspecification not listed in Table 126.1-1 or MSS SP-58, anallowable stress value of 30% of yield strength (0.2%offset) at room temperaturemay be used at temperaturesnot exceeding 650°F (345°C). The yield strength shall bedetermined through a tensile test of a specimen of thematerial and shall be the value corresponding to 0.2%permanent strain (offset) of the specimen. The allowablestress values for suchmaterials shall not exceed 9,500 psi(65.5 MPa).
(d) The allowable shear stress shall not exceed 80% ofthe values determined in accordance with the rules of (a)through (c).
(e) The allowable compressive stress shall not exceedthevalueasdetermined inaccordancewith therulesof (a),(b), or (c). In addition, consideration shall be given tostructural stability.
(f) The allowable bearing stress shall not exceed 160%of the value as determined in accordance with the rules of(a), (b), or (c).
(g) The allowable stress in tension determined from(a), (b), or (c) shall be reduced 25% for threadedhanger rods.
(h) The allowable stress in partial penetration or filletwelds in support assemblies shall be reduced 25% fromthosedetermined in accordancewith (a), (b), (c), or (d) forthe weaker of the two metals joined.
(i) If materials for attachments have different allow-able stress values from the pipe, then the allowablestress for the weld shall be based on the lower allowablestress of the materials being joined.
(j) Increases in the allowable stress values shall bepermitted as follows:
(1) an increase of 20% for short time overloadingduring operation.
(2) an increase to 80% of the minimum yieldstrength at room temperature during hydrostatictesting. Where the material allowable stress has beenestablished in accordance with the rules of (c), the allow-able stress value during hydrostatic testing shall notexceed 16,000 psi (110.3 MPa).

121.3 Temperature LimitationsParts of supporting elements that are subjected princi-pally to bending or tension loads and that are subjected toworking temperatures for which carbon steel is not rec-ommended shall bemade of suitable alloy steel, or shall beprotected so that the temperature of the supportingmember will be maintained within the appropriatetemperature limits of the material.
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121.4 Hanger AdjustmentsHangers used for the support of piping, NPS21∕2 (DN65)and larger, shall be designed to permit adjustment aftererection while supporting the load. Screwed adjustmentsshall have threaded parts conform to ASME B1.1.Class 2 fit turnbuckles and adjusting nuts shall have thefull length of thread in engagement. Means shall beprovided for determining that full thread length is inengagement. All screw and equivalent adjustmentsshall be provided with suitable locking devices.
121.5 Hanger SpacingSupports for piping with the longitudinal axis inapproximately a horizontal position shall be spaced toprevent excessive sag, bending, and shear stresses inthepiping,with special considerationgivenwhere compo-nents, such as flanges and valves, impose concentratedloads. Where calculations are not made, suggestedmaximum spacing of supports for standard andheavier steel pipe are given in Table 121.5-1. Verticalsupports shall be spaced to prevent the pipe frombeing overstressed from the combination of all loadingeffects.

121.6 SpringsThe springs used in variable or constant effort typesupports shall be designed and manufactured in accor-dance with MSS SP-58.
121.7 Fixtures

121.7.1 Anchors and Guides

(a) Anchors, guides, pivots, and restraints shall bedesigned to secure the desired points of piping in relative-ly fixed positions. They shall permit the piping to expandand contract freely in directions away from the anchoredor guided point and shall be structurally suitable to with-stand the thrusts, moments, and other loads imposed.
(b) Rolling or sliding supports shall permit free move-ment of the piping, or the piping shall be designed toinclude the imposed load and frictional resistance ofthese types of supports, and dimensions shall providefor the expectedmovement of the supported piping.Mate-rials and lubricants used in sliding supports shall besuitable for the metal temperature at the point ofsliding contact.
(c) Where corrugated or slip-type expansion joints, orflexible metal hose assemblies are used, anchors andguides shall be provided where necessary to direct theexpansion into the joint or hose assembly. Suchanchors shall be designed to withstand the force specifiedby themanufacturer for thedesign conditions atwhich thejoint or hose assembly is to be used. If this force is other-wise unknown, it shall be taken as the sum of the productof the maximum internal area times the design pressureplus the force required to deflect the joint or hoseassembly. Where expansion joints or flexible metalhose assemblies are subjected to a combination of longi-tudinal and transversemovements, bothmovements shallbe considered in the design and application of the joint orhose assembly.Flexible metal hose assemblies, applied in accordancewith para. 106.4, shall be supported in such amanner as tobe free from any effects due to torsion and undue strain asrecommended by the manufacturer.
121.7.2 Other Rigid Types

(a) Hanger Rods. Safe loads for threaded hanger rodsshall be based on the root area of the threads and 75% ofthe allowable stress of the material as provided inpara. 121.2(g). In no case shall hanger rods less than3∕8 in. (9.5 mm) diameter be used for support of pipeNPS 2 (DN 50) and smaller, or less than 1∕2 in. (12.5mm) diameter rod for supporting pipe NPS 21∕2 (DN65) and larger. See Table 121.7.2-1 for carbon steel rods.Pipe, straps, or bars of strength and effective area equalto the equivalent hanger rod may be used instead ofhanger rods.

Table 121.5-1 Suggested Steel Pipe-Support Spacing

Nominal
Pipe Size,

NPS

Diameter
Nominal,

DN

Suggested Maximum Span
Water
Service

Steam, Gas,
or Air Service

ft m ft m1 25 7 2.1 9 2.72 50 10 3.0 13 4.03 80 12 3.7 15 4.64 100 14 4.3 17 5.26 150 17 5.2 21 6.4
8 200 19 5.8 24 7.312 300 23 7.0 30 9.116 400 27 8.2 35 10.720 500 30 9.1 39 11.924 600 32 9.8 42 12.8GENERAL NOTES:(a) Suggested maximum spacing between pipe supports for hori-zontal straight runs of standard and heavier steel pipe atmaximum operating temperature of 750°F (400°C).(b) Does not apply where span calculations are made or where thereare concentrated loads between supports, such as flanges, valves,and specialties.(c) The spacing is based on a fixed beam support with a bendingstress not exceeding 2,300 psi (15.86 MPa) and insulatedpipe filled with water or the equivalent weight of steel pipefor steam, gas, or air service, and the pitch of the line is suchthat a sag of 0.1 in. (2.5 mm) between supports is permissible.
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Hanger rods, straps, etc., shall be designed to permit thefreemovementof piping causedby thermal expansionandcontraction.
(b) Welded link chain of 3∕16 in. (5.0 mm) or largerdiameter stock, or equivalent area, may be used forpipe hangers with a design stress of 9,000 psi (62MPa) maximum.
(c) Cast iron in accordancewithASTMA48maybeusedforbases, rollers, anchors, andparts of supportswhere theloading will be mainly compression. Cast iron parts shallnot be used in tension.
(d) Malleable iron castings in accordance with ASTMA47 may be used for pipe clamps, beam clamps,hanger flanges, clips, bases, swivel rings, and parts ofpipe supports, but their use shall be limited to tempera-tures not in excess of 450°F (230°C). This material is notrecommended for services where impact loads are antici-pated.
(e) Brackets shall be designed to withstand forces andmoments induced by sliding friction in addition to otherloads.
121.7.3 Variable Supports

(a) Variable spring supports shall be designed to exerta supporting force equal to the load, as determined byweight balance calculations, plus the weight of allhanger parts (such as clamp and rod) that will besupported by the spring at the point of attachment tothe pipe.
(b) Variable spring supports shall be provided withmeans to limit misalignment, buckling, and eccentricloading, or to prevent overstressing of the spring.
(c) It is recommended that all hangers employingsprings be provided with means to indicate at all timesthe compression of the spring with respect to the approx-imate hot and cold positions of the piping system, exceptwhere they are used to cushion against shock orwhere theoperating temperature of the piping system does notexceed 250°F (120°C).
(d) It is recommended that the support be designed fora maximum variation in supporting effort of 25% for thetotal travel resulting from thermal movement.
121.7.4 Constant Supports. On high-temperature andcritical service piping at locations subject to appreciablemovement with thermal changes, the use of constantsupport hangers, designed to provide a substantiallyuniform supporting force throughout the range oftravel, is recommended.
(a) Constant support hangers shall have a supportvariation of no more than 6% throughout the totaltravel range.
(b) Counterweight type supports shall be providedwith stops, and the weights shall be positively secured.Chains, cables, hanger and rocker arm details, or otherdevices used to attach the counterweight load to thepiping shall be subject to requirements of para. 121.7.2.

Table 121.7.2-1 Carrying Capacity of Threaded
ASTM A36, ASTM A575, and ASTM A576 Hot-Rolled

Carbon Steel

Nominal
Rod

Diameter, in.
Root Area of
Thread, in.2

Max. Safe Load at Rod
Temp. of 650°F (343°C)

lb kN3∕8 0.0678 730 3.231∕2 0.126 1,350 5.985∕8 0.202 2,160 9.613∕4 0.302 3,230 14.47∕8 0.419 4,480 19.91 0.551 5,900 26.2
11∕4 0.890 9,500 42.411∕2 1.29 13,800 61.613∕4 1.74 18,600 82.82 2.30 24,600 109
21∕4 3.02 32,300 14421∕2 3.72 39,800 17723∕4 4.62 49,400 2203 5.62 60,100 267
31∕4 6.72 71,900 32031∕2 7.92 84,700 37733∕4 9.21 98,500 4384 10.6 114,000 505
41∕4 12.1 129,000 57641∕2 13.7 146,000 65243∕4 15.4 165,000 7335 17.2 184,000 819GENERAL NOTES:(a) Tabulated loads are based on a minimum tensile stress of 50 ksi(345 MPa) divided by a safety factor of 3.5, reduced by 25%,resulting in an allowable stress of 10.7 ksi.(b) Root areas of thread are based on the following thread series:diameters 4 in. and below — coarse thread (UNC); diametersabove 4 in. — 4 thread (4-UN).(c) The corresponding table for metric size rods is available in MSSSP-58.
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(c) Hydraulic type supports using ahydraulic headmaybe installed to give a constant supporting effort. Safetydevices and stops shall be provided to support theload in case of hydraulic failure.
(d) Boosters may be used to supplement the operationof constant support hangers.
121.7.5 Sway Braces. Sway braces or vibration damp-eners shall be used to control themovement of piping dueto vibration.
121.7.6 Shock Suppressors. For the control of pipingdue to dynamic loads, hydraulic or mechanical types ofshock suppressors are permitted. These devices do notsupport pipe weight.

121.8 Structural Attachments

121.8.1 Nonintegral Type

(a) Nonintegral attachments include clamps, slings,cradles, saddles, straps, and clevises.
(b) When clamps are used to support vertical lines, it isrecommended that shear lugs be welded to the pipe toprevent slippage. The provisions of para. 121.8.2(b)shall apply.
(c) In addition to theprovisionof (b), clamps to supportvertical lines should be designed to support the total loadon either arm in the event the load shifts due to pipe and/or hanger movement.
121.8.2ð20Þ Integral Type

(a) Integral attachments include ears, shoes, lugs, cy-lindrical attachments, rings, and skirts that are fabricatedso that the attachment is an integral part of the pipingcomponent. Integral attachments shall beused in conjunc-tionwith restraints or braceswheremultiaxial restraint ina single member is to be maintained. Consideration shallbe given to the localized stresses induced into the pipingcomponentby the integral attachments.Whereapplicable,the conditions of para. 121.8.1(c) are to apply.
(b) Integral lugs, plates, angle clips, etc., used as part ofan assembly for the support or guiding of pipe may bewelded directly to the pipe, provided the materials arecompatible for welding and the design is adequate forthe temperature and load using the allowable stressvalues of para. 121.2. The design of hanger lugs for attach-ment to piping for high-temperature service shall be suchas to provide for differential expansion between the pipeand the attached lug.

121.9 Loads and Supporting StructuresConsiderations shall be given to the load-carrying ca-pacity of equipment and the supporting structure. Thismay necessitate closer spacing of hangers on lineswith extremely high loads.

121.10 Requirements for Fabricating Pipe
SupportsPipe supports shall be fabricated in accordancewith therequirements of para. 130.

PART 6
SYSTEMS

122 DESIGN REQUIREMENTS PERTAINING TO
SPECIFIC PIPING SYSTEMSExcept as specifically stated otherwise in this Part 6, allprovisions of the Code apply fully to the piping systemsdescribed herein.

122.1 Boiler External Piping; in Accordance With
Para. 100.1.2(a) — Steam, Feedwater,
Blowoff, and Drain Piping

122.1.1 General. Theminimum pressure and tempera-ture and other special requirements to be used in thedesign for steam, feedwater, blowoff, and drain pipingfrom the boiler to the valve or valves required bypara. 122.1 shall be as specified in the following para-graphs. Design requirements for desuperheater spraypiping connected to desuperheaters located in theboiler proper and in main steam piping are providedin para. 122.4.
(a) It is intended that thedesignpressure and tempera-ture be selected sufficiently in excess of any expectedoperating conditions, not necessarily continuous, topermit satisfactory operation without operation of theoverpressure protection devices. Also, since the operatingtemperatures of fired equipment can vary, the expectedtemperatureat the connection to the firedequipment shallinclude the manufacturer’s maximum temperature toler-ance.
(b) In a forced-flow steam generator with no fixedsteam and waterline, it is permissible to design theexternal piping, valves, and fittings attached to the pres-sure parts for different pressure levels along the paththrough the steam generator of water-steam flow. Thevalues of design pressure and the design temperatureto be used for the external piping, valves, and fittingsshall be not less than that required for the expectedmaximum sustained operating pressure and temperatureto which the abutted pressure part is subjected exceptwhen one or more of the overpressure protectiondevices covered by ASME BPVC, Section I, PG-67.4 is inoperation.Thesteampipingshall complywith therequire-ments for themaximumsustained operating conditions asused in (a), or for the design throttle pressure plus 5%,whichever is greater.
(c) Provision shall be made for the expansion andcontraction of piping connected to boilers to limitforces and moments transmitted to the boiler, by
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providing substantial anchorage at suitable points, so thatthere shall be no undue strain transmitted to the boiler.Steam reservoirs shall be used on steam mains whenheavy pulsations of the steam currents cause vibration.
(d) Piping connected to the outlet of a boiler for anypurpose shall be attached by
(1) welding to a nozzle or socket welding fitting
(2) threading into a tapped opening with a threadedfitting or valve at the other end
(3) screwing each end into tapered flanges, fittings,or valves with or without rolling or peening
(4) bolted joints including those of the Van Stonetype
(5) blowoff piping of firetube boilers shall beattached in accordance with (2) if exposed to productsof combustion or in accordance with (2), (3), or (4) ifnot so exposed

(e) Nonferrous pipe or tubes shall not exceed NPS 3(DN 80) in diameter.
(f) American National Standard slip-on flanges shallnot exceed NPS 4 (DN 100). Attachment of slip-onflanges shall be by double fillet welds. The throats ofthe fillet welds shall not be less than 0.7 times the thick-ness of the part to which the flange is attached.
(g) Hub-type flanges shall not be cut from plate mate-rial.
(h) American National Standard socket welded flangesmay be used in piping or boiler nozzles provided thedimensions do not exceed NPS 3 (DN 80) for Class 600and lower, and NPS 21∕2 (DN 65) for Class 1500.
(i) The use of expansion joints of all types, swivel andball joints, and flexiblemetal hose assemblies as describedin para. 101.7.2 is prohibited.
122.1.2ð20Þ Steam Piping The value of P to be used in theformulas in para. 104 shall be as follows:
(a) For steampiping connected to the steamdrumor tothe superheater inlet header up to the first stop valve ineach connection, the value of P shall be not less than thelowest pressure at which any drum safety valve is set toblow, and the S value shall not exceed that permitted forthe corresponding saturated steam temperature.
(b) For steam piping connected to the superheateroutlet header up to the first stop valve in each connection,the design pressure, except as otherwise provided in (d),shall be not less than the lowest pressure at which anysafety valve on the superheater is set to blow, or notless than 85% of the lowest pressure at which anydrum safety valve is set to blow, whichever is greater,and the S value for the material used shall not exceedthat permitted for the expected steam temperature.
(c) For steam piping between the first stop valve andthe second valve, when one is required by para. 122.1.7,the design pressure shall be not less than the expectedmaximum sustained operating pressure or 85% of thelowest pressure at which any drum safety valve is setto blow,whichever is greater, and the S value for themate-

rial used shall not exceed that permitted for the expectedsteam temperature.
(d) For boilers installed on the unit system (i.e., oneboiler and one turbine or other prime mover) andprovided with automatic combustion control equipmentresponsive to steam header pressure, the design pressurefor the steam piping shall be not less than the design pres-sure at the throttle inlet plus 5%, or not less than 85% ofthe lowest pressure at which any drum safety valve is setto blow, or not less than the expectedmaximum sustainedoperating pressure at any point in the piping system,whichever is greatest, and the S value for the materialused shall not exceed that permitted for the expectedsteam temperature at the superheater outlet. Forforced-flow steam generators with no fixed steam andwaterline, the design pressure shall also be no lessthan the expected maximum sustained operating pres-sure.
(e) The design pressure shall not be taken at less than100 psig [700 kPa (gage)] for any condition of service ormaterial.
122.1.3 Feedwater Piping

(a) ThevalueofP tobeused in the formulas inpara. 104shall be as follows:
(1) For piping from the boiler to and including therequired stop valve and the check valve, the minimumvalue of P except as permitted in (4) shall exceed themaximum allowable working pressure of the boiler byeither 25% or 225 psi (1 550 kPa), whichever is thelesser. For an installation with an integral economizerwithout valves between the boiler and economizer,this paragraph shall apply only to the piping from theeconomizer inlet header to and including the requiredstop valve and the check valve.
(2) For piping between the required check valve andthe globe or regulating valve, when required bypara. 122.1.7(b), and including any bypass piping up tothe shutoff valves in the bypass, the value of P shall benot less than the pressure required to feed the boiler.
(3) The value of P in the formula shall not be taken atless than 100 psig [700 kPa (gage)] for any condition ofservice or material, and shall never be less than the pres-sure required to feed the boiler.
(4) In a forced-flow steam generator with no fixedsteam and waterline, the value of P for feedwaterpiping from the boiler to and including the requiredstop valve may be in accordance with the requirementsof para. 122.1.1(b).

(b) The Svalueused, except as permitted in (a)(4), shallnot exceed that permitted for the temperature of satu-rated steam at the maximum allowable working pressureof the boiler.
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(c) The size of the feed piping between the boiler andthe first required valve [para. 122.1.7(b)] or the branchfeed connection [para. 122.1.7(b)(4)] shall, as aminimum,be the same as the boiler connection.
122.1.4 Blowoff and Blowdown Piping. Blowoff andblowdown piping are defined as piping connected to aboiler and provided with valves or cocks throughwhich the water in the boiler may be blown out underpressure. This definition is not intended to apply to (i)drain piping, and (ii) piping such as used on watercolumns, gage glasses, or feedwater regulators, etc., forthe purpose of determining the operating condition ofthe equipment. Requirements for (i) and (ii) are describedin paras. 122.1.5 and 122.1.6, respectively. Blowoffsystems are operated intermittently to remove accumu-lated sediment fromequipment and/or piping, or to lowerboiler water level in a rapid manner. Blowdown systemsare primarily operated continuously to control theconcentrations of dissolved solids in the boiler water.
(a) Blowoff piping systems from water spaces of aboiler, up to and including the blowoff valves, shall bedesigned in accordance with (1) through (4). Twoshutoff valves are required in the blowoff system; specificvalve requirements and exceptions are given in para.122.1.7(c).
(1) The value of P to be used in the formulas inpara. 104 shall exceed the maximum allowableworking pressure of the boiler by either 25% or 225psi (1550 kPa), whichever is less, but shall be not lessthan 100 psig [690 kPa (gage)]. The exception to thisrequirement pertains to miniature boilers as describedin ASME BPVC, Section I, Parts PEB and PMB, wherethe value of P to be used in the formulas in para. 104shall be 100 psi [690 kPa (gage)].
(2) The allowable stress value for the piping mate-rials shall not exceed thatpermitted for the temperatureofsaturated steam at themaximum allowableworking pres-sure of the boiler.
(3) All pipe shall be steel except as permitted below.Galvanized steel pipe and fittings shall not be used forblowoff piping. When the value of P does not exceed100 psig [690 kPa (gage)], nonferrous pipe may beused and the fittings may be bronze, cast iron, malleableiron, ductile iron, or steel.

CAUTION: Nonferrous alloys and austenitic stainless steels
may be sensitive to stress corrosion cracking in certain
aqueous environments.When the value ofP exceeds 100psig [690kPa (gage)], thefittings shall be steel, and the thickness of pipe and fittingsshall not be less than that of Schedule 80 pipe.

(4) The size of blowoff piping shall be not less thanthe size of the connection on the boiler, and shall be inaccordance with the rules contained in ASME BPVC,Section I, PG-59.3, PMB-12, and PEB-12.

(b) The blowdown piping system from the boiler, toand including the shutoff valve, shall be designed in accor-dance with (1) through (4). Only one shutoff valve isrequired in the blowdown system.
(1) The value of P to be used in the formulas inpara. 104 shall be not less than the lowest set pressureof any safety valve on the boiler drum.
(2) The allowable stress value for the piping mate-rials shall not exceed thatpermitted for the temperatureofsaturated steam at themaximum allowableworking pres-sure of the boiler.
(3) All pipe shall be steel except as permitted below.Galvanized steel pipe and fittings shall not be used forblowdown piping. When the value of P does notexceed 100 psig [690 kPa (gage)], nonferrous pipemay be used and the fittings may be bronze, cast iron,malleable iron, ductile iron, or steel.

CAUTION: Nonferrous alloys and austenitic stainless steels
may be sensitive to stress corrosion cracking in certain
aqueous environments.When the value ofP exceeds 100psig [690kPa (gage)], thefittings shall be steel and the thickness of pipe and fittingsshall not be less than that of Schedule 80 pipe.

(4) The size of blowdown piping shall be not lessthan the size of the connection on the boiler, and shallbe in accordance with the rules contained in ASMEBPVC, Section I, PG-59.3, PMB-12, and PEB-12.
(c) The blowoff and blowdown piping beyond therequired valves described in (a) and (b) are classifiedas nonboiler external piping. The requirements aregiven in para. 122.2.
122.1.5 Boiler Drains

(a) Completedrainageof theboiler andattachedpipingshall be provided to the extent necessary to ensure properoperation of the steam supply system. The pipe, fittings,and valves of any drain line shall not be smaller than thedrain connection. Double valving shall be required foreach boiler drain connection except as permitted in (c)and (d).
(b) If the drain lines are intended to be used both asdrains and as blowoffs, then two valves are required andall conditions of paras. 122.1.4, 122.1.7(c), and 122.2 shallbe met.
(c) Miniature boilers constructed in accordance withthe rules contained in ASME BPVC, Section I, PartsPMB and PEB may use a single valve where drain linesare intended tobeused forbothblowoff andperiodicauto-matic ormanual flushing prior to startup. The single valveshall be designed for blowoff service but need not havelocking capability.
(d) When a drain is intended for use only when theboiler is not under pressure (pressurizing the boilerfor rapid drainage is an exception), a single shutoffvalve is acceptable under the following conditions:either the valve shall be a type that can be locked in
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the closed position, or a suitable flanged and boltedconnection that accepts a blank insert shall be locatedon the downstream side of the valve. When a singlevalve is used, it need not be designed for blowoffservice. Single valves on miniature boilers constructedin accordance with the rules contained in ASME BPVC,Section I, Parts PMB and PEB do not require lockingcapability.
(e) Drain piping from the drain connection, includingrequired valves or the blanked flange connection, shall bedesigned for the temperature and pressure of the drainconnection. The remainingpiping shall bedesigned for theexpectedmaximumtemperatureandpressure. Staticheadand possible choked flow conditions shall be considered.In no case shall the design pressure and temperature beless than 100 psig [690 kPa (gage)] and 220°F (105°C),respectively.
122.1.6 Boiler External Piping — Miscellaneous

Systems

(a) Materials, design, fabrication, examination, anderection of piping for miscellaneous accessories, suchas water level indicators, water columns, gage cocks,and pressure gages, shall be in accordance with the ap-plicable sections of this Code.
(b) The value of P to be used in the formulas inpara. 104 shall be not less than the maximum allowableworking pressure of the boiler except as provided bypara. 122.1.1(b).
(c) Valve requirements for water level indicators orwater columns, special gage glass and gage cock require-ments, minimum line sizes, and special piping configura-tions required specifically for cleaning, access, orreliability shall be in accordance with ASME BPVC,Section I, PG-60.
122.1.7ð20Þ Valves and Fittings. The minimum pressureand temperature rating for all valves and fittings insteam, feedwater, blowoff, and miscellaneous pipingshall be equal to the pressure and temperature specifiedfor the connected piping on the side that has the higherpressure, except that in no case shall the pressure be lessthan 100 psig [690 kPa (gage)], and for pressures notexceeding 100 psig [690 kPa (gage)] in feedwater andblowoff service, the valves and fittings shall be equalat least to the requirements of the ASME standards forClass 125 cast iron or bronze, or Class 150 steel or bronze.
(a) Steam Stop Valves. Each boiler discharge outlet,except safety valve or safety relief valve connections,or reheater inlet and outlet connections shall be fittedwith a stop valve located at an accessible point in thesteam-delivery line and as near to the boiler nozzle asis convenient and practicable.
(1) Boiler stop valves shall provide bidirectionalshutoff at design conditions. The valve or valves shallmeet the requirements of para. 107. Valves with resilient(nonmetallic) seats shall not be used where the boiler

maximum allowable working pressure exceeds 150psig (1035 kPa) or where the system design temperatureexceeds 366°F (186°C). Valves of the outside screw andyoke, rising stem style are preferred. Valves other thanthose of the outside screw and yoke, rising stem styleshall meet the following additional requirements:
(-a) Each valve shall be equipped with a positionindicator to visually indicate from a distance whether thevalve is open or closed.
(-b) Quarter-turn valves shall be equipped with aslow operatingmechanism tominimize dynamic loadingson the boiler and attached piping. Either a quick-openingmanual quarter-turn valve or an automatic solenoid valvemay be used on miniature boilers constructed in accor-dance with the rules contained in ASME BPVC, Section I,Parts PMB and PEB. Manual quarter-turn valves shall beprovidedwith a handle or other position indicator to indi-cate from a distance whether the valve is open or closed.

(2) In the case of a single boiler and prime moverinstallation, the stop valve required herein may beomitted provided the prime mover throttle valve isequipped with an indicator to show whether it is openor closed, and it is designed to withstand the requiredboiler hydrostatic test. The limit of boiler externalpiping ends at the connection of such prime movervalves and does not include the connection; the connec-tion between the boiler external piping and prime movervalves is nonboiler external piping.
(3) When two or more boilers are connected to acommon header, or when a single boiler is connectedto a header having another steam source, the connectionfrom each boiler having a manhole opening shall be fittedwith two stop valves having an ample free-blow drainbetween them. The preferred arrangement consists ofone stop-check valve (located closest to the boiler) andone valve of the style and design described in (1). Alter-natively, both valves may be of the style and designdescribed in (1).When a second stop valve is required, it shall have apressure rating at least equal to that required for theexpected steam pressure and temperature at the valve,or a pressure rating at least equal to 85% of thelowest set pressure of any safety valve on the boilerdrum at the expected temperature of the steam at thevalve, whichever is greater.
(4) All valves and fittings on steam lines shall have apressure rating of at least 100 psig [690 kPa (gage)] inaccordance with the applicable ASME standard.

(b) Feedwater Valves
(1) The feedwater piping for all boilers, except forhigh-temperature water boilers complying with the re-quirements of (8) and forced-flow steam generatorswith no fixed steam and waterline complying with the re-quirementsof (9), shall beprovidedwitha checkvalveanda stop valve or cock between the check valve and the
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boiler. The stop valve or cock shall comply with the re-quirements of (c)(5).
(2) The relative locations of the check and stop (orcock) valves, as required in (1), may be reversed on asingle boiler-turbine unit installation.
(3) If a boiler is equipped with a duplicate feedarrangement, each such arrangement shall be equippedas required by these rules.
(4) When the supply line to a boiler is divided intobranch feed connections and all such connections areequipped with stop and check valves, the stop andcheck valves in the common source may be omitted.
(5) When twoormoreboilers are fed fromacommonsource, there shall also be a globeor regulating valve in thebranch to each boiler located between the check valve andthe source of supply. A typical arrangement is shown inFigure 100.1.2-3.
(6) A combination stop and check valve in whichthere is only one seat and disk, and in which a valvestem is provided to close the valve, shall be consideredonly as a stop valve, and a check valve shall be installedas otherwise provided.
(7) Where aneconomizeror other feedwaterheatingdevice is connected directly to the boiler without inter-vening valves, the feed valves and check valves requiredshall be placed on the inlet of the economizer or feedwaterheating device.
(8) The recirculating return line for a high-tempera-ture water boiler shall be provided with the same stopvalve, or valves, required by (1) and (3). The use of acheck valve in the recirculating return line is optional.A check valve shall not be a substitute for a stop valve.

(9) The feedwater boiler external piping for a forced-flow steam generator with no fixed steam and waterlinemay terminate up to and including the stop valve or valvesand omitting check valves, provided that a check valvehaving a pressure rating no less than the boiler inletdesign pressure is installed at the discharge of eachboiler feed pump or elsewhere in the feedline betweenthe feed pump and stop valves.
(10) Wherever globe valves are used within BEPfeedwater piping for either isolation or regulation, theinlet shall be under the disk of the valve.

(c) Blowoff Valves
( 1 ) Ord i n a r y g l o b e v a l v e s a s s h own i nFigure 122.1.7-1, illustration (a), and other types ofvalves that have dams or pockets where sediment cancollect shall not be used on blowoff connections.
( 2 ) Y - t y p e g l o b e v a l v e s a s s h ow n i nFigure 122.1.7-1, illustration (b), or angle valves maybe used in vertical pipes, or they may be used in hori-zontal runs of piping provided they are so constructedor installed that the lowest edge of the opening throughthe seat is at least 25% of the inside diameter below thecenterline of the valve.
(3) The blowoff valve or valves, the pipe betweenthem, and the boiler connection shall be of the samesize except that a larger pipe for the return of condensatemay be used.
(4) For all boilers [except electric steam boilershaving a normal water content not exceeding 100 gal(380 L), traction-purpose, and portable steam boilers;see (11) and (12)] with allowable working pressure inexcess of 100 psig [690 kPa (gage)], each bottomblowoff pipe shall have two slow-opening valves, orone quick-opening valve or cock, at the boiler nozzle

Figure 122.1.7-1 Typical Globe Valves
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followed by a slow-opening valve. All valves shall complywith the requirements of (5) and (6).
( 5 ) When the va l u e o f P r equ i r ed bypara. 122.1.4(a)(1) does not exceed 250 psig [1725kPa (gage)], the valves or cocks shall be bronze,cast iron, ductile iron, or steel. The valves orcocks, if of cast iron, shall not exceed NPS 21 ∕2(DN 65) and shall meet the requirements of the ap-plicable ASME standard for Class 250, as given inTable 126.1-1, and if of bronze, steel, or ductileiron construction, shall meet the requirements ofthe applicable standards as given in Table 126.1-1or para. 124.6.
( 6 ) When the va l u e o f P r equ i r ed bypara. 122.1.4(a)(1) is higher than 250 psig [1725kPa (gage)], the valves or cocks shall be of steelconstruction equal at least to the requirements ofClass 300 of the applicable ASME standard listedin Table 126.1-1. The minimum pressure ratingshall be equal to the value of P required by para.122.1.4(a)(1).
(7) If a blowoff cock is used, the plug shall be held inplace by a guard or gland. The plug shall be distinctlymarked in line with the passage.
(8) A slow-opening valve is a valve that requires atleast five 360 deg turns of the operating mechanism tochange from fully closed to fully open.
(9) Onaboiler havingmultiple blowoff pipes, a singlemaster valve may be placed on the common blowoff pipefrom the boiler, in which case only one valve on each in-dividual blowoff is required. In such a case, either themaster valve or the individual valves or cocks shall beof the slow-opening type.
(10) Two independent slow-opening valves, or aslow-opening valve and a quick-opening valve or cock,may be combined in one body and may be used providedthe combined fitting is the equivalent of two independentslow-opening valves or a slow-opening valve and a quick-opening valve or cock, and provided further that thefailure of one to operate cannot affect the operation ofthe other.
(11) Only one blowoff valve, which shall be either aslow-opening or quick-opening blowoff valve or a cock, isrequired on traction and/or portable boilers.
(12) Only one blowoff valve, which shall be of a slow-opening type, is required for the blowoff piping for forcedcirculation and electric steam boilers having a normalwater content not exceeding 100 gal (380 L). Electricboilers not exceeding a normal water content of 100gal (380 L) and a maximum MAWP of 100 psig [690kPa (gage)] may use a quick-opening manual or slow-opening automatic quarter-turn valve up to NPS 1 (DN25). Electric boilers not exceeding a normal watercontent of 100 gal (380 L) but with a MAWP greaterthan 100 psig [690 kPa (gage)] shall only use either a

slow-opening manual or automatic valve, regardless ofsize.
(d) Pressure-Relieving Valves. Safety, safety relief, andpower-actuated pressure-relieving valves shall conformto the requirements of ASME BPVC, Section I, PG-67through PG-73.

122.2 ð20ÞBlowoff and Blowdown Piping in Nonboiler
External PipingBlowoff and blowdown piping systems shall be, wherepossible, self-draining and without pockets. If unavoid-able, valved drains at low points shall allow systemdraining prior to operation. To minimize pipelineshock during the operation of blowoff systems, 3Dpipe bends (minimum) should be used in preference toelbows, and wye or lateral fittings should be used inpreference to tee connections.

(a) From Boilers
(1) Blowoff piping, located between the valvesdescribed in para. 122.1.4(a) and the blowoff tank orother point where the pressure is reduced approximatelyto atmospheric pressure and cannot be increased byclosing a downstream valve, shall be designed for theappropriate pressure in accordance with Table122.2-1. The provisions of paras. 122.1.4(a)(3) and122.1.7 shall apply. The size of non-BEP blowoffheader to the safe point of discharge shall not besmaller than the largest connected BEP blowoff terminal[see para. 122.1.4(a)(4)].
(2) Blowdown piping, in which the pressure cannotbe increased by closing a downstream valve, shall bedesigned for the appropriate pressure and temperaturein accordance with Table 122.2-1. The provisions ofpara. 122.1.4(b)(3) shall apply. The size of non-BEP blow-down piping between the shutoff valve described in para.122.1.4(b) and the flow control valve shall not be smallerthan the BEP boiler shutoff valve [see para. 122.1.4(b)(4)]unless engineering calculations confirm that the designflow rate can be achieved with a smaller piping sizewithout flashing the blowdown prior to the flowcontrol valve.
(3) When the design pressure of Table 122.2-1 canbe exceeded due to closing of a downstream valve, calcu-lated pressure drop, or other means, the entire blowoff orblowdown piping system shall be designed in accordancewith paras. 122.1.4(a) and 122.1.7 for blowoff and para.122.1.4(b) for blowdown piping.
(4) Non-BEP blowdown piping downstream of theflow control valve shall not be smaller — and preferablywill be larger — than the connection on the boiler [seepara. 122.1.4(b)(4)].

(b) From Pressure Vessels Other Than Boilers. Thedesign pressure and temperature of the blowoff pipingfrom the pressure vessel to and including the blowoffvalves shall not be less than the vessel MAWP and corre-sponding design temperature.
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122.3 Instrument, Control, and Sampling Piping

(a) The requirements of this Code, as supplemented bypara. 122.3, shall apply to the design of instrument,control, and samplingpiping for safe andproperoperationof the piping itself.
(b) The term “instrument piping” shall apply to allvalves, fittings, tubing, and piping used to connect instru-ments tomainpipingor to other instruments or apparatusor to measuring equipment as used within the classifica-tion of para. 100.1.
(c) The term “control piping” shall apply to all valves,fittings, tubing, and piping used to interconnect pneuma-tically or hydraulically operated control apparatus, alsoclassified in accordance with para. 100.1, as well as tosignal transmission systems used to interconnect instru-ment transmitters and receivers.
(d) The term “sampling piping” shall apply to all valves,fittings, tubing, and piping used for the collection ofsamples, such as steam, water, oil, gas, and chemicals.
(e) Paragraph 122.3 does not apply to tubing used inpermanently closed systems, such as fluid-filled tempera-ture responsive devices, or the temperature responsivedevices themselves.
(f) Paragraph122.3doesnot apply to thedevices, appa-ratus, measuring, sampling, signaling, transmitting,controlling, receiving, or collecting instruments towhich the piping is connected.
122.3.1ð20Þ Materials and Design. The materials used forvalves, fittings, tubing, andpiping shallmeet theparticularconditions of service and the requirements of the appli-cable specifications listed under general paras. 105through 108 with allowable stresses in accordancewith the Allowable Stress Tables in MandatoryAppendix A or as calculated per para. 123.1.2(b).

The materials for pressure retention components usedfor piping specialties such as meters, traps, and strainersin flammable, combustible, or toxic fluid systems shall, inaddition, conform to the requirements of paras. 122.7 and122.8.
122.3.2 Instrument Piping

(a) Takeoff Connections
(1) Takeoff connections at the source, together withattachment bosses, nozzles, and adapters, shall bemade ofmaterial at least equivalent to that of the pipe or vessel towhich they are attached. The connections shall bedesigned to withstand the source design pressure andtemperature and be capable of withstanding loadingsinduced by relative displacement and vibration. Thenominal size of the takeoff connections shall not beless than NPS 1∕2 (DN 15) for service conditions not inexcess of either 900 psi (6200 kPa) or 800°F (425°C),and NPS 3∕4 (DN 20) (for adequate physical strength)for design conditions that exceed either of these limits.Where the size of the main is smaller than the limitsgiven above, the takeoff connection shall not be lessthan the size of the main line.
(2) To prevent thermal shock to the main steam lineby contact with the colder condensate return from theinstrument, steam meter or instrument takeoff connec-tions shall be lagged inwith the steammain. For tempera-tures in excess of 800°F (425°C), they may also bearranged to make metallic contact lengthwise with thesteam main.

(b) Valves
(1) Shutoff Valves. Shutoff valves shall be provided attakeoff connections. They shall be capable ofwithstandingthe design pressure and temperature of the pipe or vesselto which the takeoff adapters or nipples are attached.
(2) Blowdown Valves
(-a) Blowdown valves at or near the instrumentshall be of the gradual opening type. For subcritical pres-sure steam service, the design pressure for blowdownvalves shall be not less than the design pressure of thepipe or vessel; the design temperature shall be the corre-sponding temperature of saturated steam. For all otherservices, blowdown valves shall meet the requirementsof (1).
(-b) Whenblowdownvalves areused, thevalves atthe instrument as well as any intervening fittings andtubing between such blowdown valves and the metershall be suitable at 100°F (40°C) for at least 11∕2 timesthe design pressure of the piping system, but therating of the valve at the instrument need not exceedthe rating of the blowdown valve.
(-c) When blowdown valves are not used, instru-ment valves shall conform to the requirements of (-a).

(c) ReservoirsorCondensers. Indead-endsteamservice,the condensing reservoirs and connecting nipples, whichimmediately follow the shutoff valves, shall be made of

Table 122.2-1 Design Pressure for Blowoff/Blowdown
Piping Downstream of BEP Valves

Boiler or Vessel Pressure
Design Pressure

[Note (1)]
MAWP kPa (gage) psig kPa (gage)Below 250 1725 Note (2) Note (2)250–600 1725–4135 250 1725601–900 4136–6205 400 2760901–1,500 6206–10340 600 41351,501 and higher 10341 and higher 900 6205NOTES:(1) Theallowable stress value for thepipingmaterial neednot exceedthat permitted for the temperature of saturated steam at thedesign pressure.(2) For boiler or vessel pressures below 250 psig [1725 kPa (gage)],the design pressure shall be determined in accordance withpara. 122.1.4(b)(1), but need not exceed 250 psig [1725 kPa(gage)].
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material suitable for the saturated steam temperaturecorresponding to the main line design pressure.
(d) Materials for Lines Between Shutoff Valves and

Instruments
(1) Copper, copper alloys, and other nonferrousmaterials may be used in dead-end steam or waterservices up to the designpressure and temperature condi-tions used for calculating thewall thickness in accordancewith para. 104 provided that the temperature within theconnecting lines for continuous services does not exceed406°F (208°C).Wherewater temperature in the reservoir of conden-sers is above 406°F (208°C), a length of uninsulated steeltubing at least 5 ft (1.5 m) long shall immediately followthe condenser ahead of the connecting copper tubing tothe instrument.
(2) The minimum size of the tubing or piping is afunction of its length, the volume of fluid required toproduce full-scale deflections of the instrument, andthe service of the instrument. When required toprevent plugging aswell as to obtain sufficientmechanicalstrength, the insidediameterof thepipeor tube shouldnotbe less than0.36 in. (9.14mm),with awall thickness of notless than 0.049 in. (1.25 mm). When these requirementsdo not apply, smaller sizes with wall thickness in dueproportions may be used. In either case, wall thicknessof the pipe or tube shall meet the requirements of (3).
(3) The piping or tubing shall be designed in accor-dance with para. 104 with consideration for waterhammer.

(e) Fittings and Joints
(1) For dead-end steam service and for water above150°F (65°C), fittings of the flared, flareless, or socketwelding type, or other suitable type of similar design,shall be used. The fittings shall be suitable for theheader pressure and corresponding saturated steamtemperature or water temperature, whichever applies.For supercritical pressure conditions, the fittings shallbe suitable for the design pressure and temperature ofthe main fluid line.
(2) For water, oil and similar instrument services,any of the following types may be used, within the pres-sure–temperature limitations of each:
(-a) For main line hydraulic pressures above 500psi (3450kPa) and temperatures up to 150°F (65°C), steelfittings of the flared, flareless, socket welded, fusionwelded, or silver brazed socket type shall be used.
(-b) For main line pressures up to 500 psi (3450kPa)and temperaturesup to150°F(65°C), the fittingsmaybe flared or silver brazed socket type, inverted flared orflareless compression type, all of brass or bronze.
(-c) For pressures up to 175 psi (1200 kPa) ortemperatures up to 250°F (120°C), soldered type fittingsmay be used with water-filled or air-filled tubing underadjusted pressure–temperature ratings. These fittings are

not recommended where mechanical vibration, hydraulicshock, or thermal shock are encountered.
122.3.3 ð20ÞControl Piping

(a) Takeoff Connections.Takeoff connections shall be inaccordance with para. 122.3.2(a)(1).
(b) Valves. Shutoff valves shall be in accordance withpara. 122.3.2(b)(1).
(c) Materials. The same materials may be used forcontrol lines as for instrument lines, except that theminimum inside diameter shall be 0.178 in. (4.52 mm)with a minimum wall thickness of 0.028 in. (0.71 mm),provided that this wall thickness is not less than thatrequired by para. 122.3.2(d)(3). If a control device hasa connection smaller than 1∕4 in. (6.0 mm), the size reduc-tion from the control tubing to the control device shall bemade as close to the control device as possible.
(d) Fittings and Joints. Fittings and joints shall be inaccordance with para. 122.3.2(e)(2).
122.3.4 ð20ÞSampling Piping

(a) Takeoff Connections.Takeoff connections shall be inaccordance with para. 122.3.2(a)(1).
(b) Valves
(1) Shutoff valves shall be in accordance withpara. 122.3.2(b)(1).
(2) Blowdown valves shall be of the gradual openingtype and shall be suitable for main line design pressureand temperature.

(c) Materials. The materials to be used for samplinglines shall conform to minimum requirements for themain line to which they connect.
(d) Fittings and Joints
(1) For subcritical and supercritical pressure steam,and for water above 150°F (65°C), fittings of the flared,flareless, or socket welding type, or other suitable type ofsimilar design shall be used. The fittings shall be suitablefor main line design pressure and temperature.
(2) For water below 150°F (65°C), fittings and jointsshall be suitable for main line design pressure andtemperature and shal l be in accordance withpara. 122.3.2(e)(2).

122.3.6 ð20ÞFittings and Joints. All fittings shall be inaccordance with standards and specifications listed inTable 126.1-1.
(a) Socket welded joints shall complywith the require-ments of para. 111.3.
(b) Flared, flareless, and compression type fittings andtheir joints shall comply with the requirements ofpara. 115.
(c) Silver brazed socket type joints shall comply withthe requirements of paras. 117.1 and 117.3.
(d) Solder type joints shall comply with the require-ments of paras. 117.2 and 117.3.
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(e) The use of taper threaded joints up to and includingNPS 1∕2 (DN 15) is permitted at pressures up to 5,000 psi(34500 kPa) in dead-end service from outlet end anddownstream of shutoff valve located at the instrument,at the control apparatus, or at the discharge of thesample cooler.
122.3.7 Special Safety Provisions

(a) Connectingpiping subject to clogging fromsolids ordeposits shall be provided with suitable connections forcleaning.
(b) Connecting piping handling air and gasescontaining moisture or other extraneous materialsshall be provided with suitable drains or settling cham-bers or traps.
(c) Connecting piping that may contain liquids shall beprotected fromdamagedue to freezingbyheating orotheradequate means.
122.3.8 Supports. Supports shall be furnished as speci-fied in para. 121 not only for safety but also to protect thepiping against detrimental sagging, external mechanicalinjury abuse, and exposure to unusual service conditions.
122.3.9 Installations

(a) Instrument, control, and sampling piping shall beinspected and tested in accordance with paras. 136and 137.
(b) The inside of all piping, tubing, valves, and fittingsshall be smooth, clean, and free from blisters, loose millscale, sand, and dirt when erected. All lines shall becleaned after installation and before placing in service.

122.4ð20Þ Spray-Type Desuperheater Piping for Use on
Steam Generators, Main Steam, and Reheat
Steam Piping

(a) Valves and Piping Arrangement
(1) Each spraywater pipe connected to a desuper-heater shall be providedwith a stop valve and a regulating(spray control) valve. The regulating valve shall beinstalled upstream of the stop valve. In addition, if thesteam generator supplies steam to a steam turbine, apower-operated block valve5 shall be installed upstreamof the regulating valve.
(2) A bypass valve around the regulating valve ispermitted.
(3) Abypass valve around the power-operated blockvalve is prohibited.
(4) On a superheater or reheater desuperheater, adrain valve shall be installed between the power-operatedblock valve and the regulating valve.

(5) If the spraywater supply is from the boiler feed-water systemand its source isnotdownstreamof the feed-water check valve required by para. 122.1.7, a check valveshall be provided in the spraywater piping between thedesuperheater and the spraywater source.
(6) It is recommended that the valves and piping bearranged to provide a head of water on the downstreamside of the stop valve.
(7) A typical arrangement is shown in Figure122.4-1.
(8) Provisions shall bemade toboth steamandwatersystems to accommodate the operating conditions asso-ciatedwith this service, includingwater hammer, thermalshock, and direct water impingement. The connection forthe spraywater pipe should be located per the require-ments established by the manufacturer so that completeflow mixing is achieved prior to any bends, elbows, orother flow directional changes being encountered.
(9) Insertable-type desuperheaters, which includean integral stop and spraywater regulating valve, maybe used within the limitations established by the manu-facturer. If this type is used, the individual stop and regu-lating valves shown in Figure 122.4-1 may be omitted.Insertable-type desuperheaters that have integralvalving internal to the desuperheater unit itself may beused, provided that the manufacturer can demonstratethat the internal valving is in compliancewith the require-ments of this Code. All other requirements described inpara. 122.4 shall apply.
(10) For Desuperheaters Located Within Main Steam

or Reheat Steam Piping. The steam system to be desuper-heated shall be provided with proper drainage during allwater flow conditions. The drainage system shall functionboth manually and automatically.
(b) Design Requirements
(1) The value of P to be used in the formulas ofpara. 104 shall be as follows:
(-a) For piping from thedesuperheater back to thestop valve required by (a)(1), the value of P shall be equalto or greater than the maximum allowable working pres-sure of the desuperheater.
(-b) For the remainder of the spraywater pipingsystem, the value of P shall be not less than themaximum sustained pressure exerted by the spraywater.

(2) The stop valve required by (a)(1) shall bedesigned for the pressure requirement of (1)(-a) or themaximum sustained pressure exerted by the spraywater,whichever is greater.
(3) The S value used for the spraywater piping shallnot exceed that permitted for the expected temperature.NOTE: The temperature varies from that of the desuperheater tothat of the spraywater source and is highly dependent on thepiping arrangement. It is the responsibility of the designer todetermine the design temperature to be used for the varioussections of the piping system.5 For informationon thepreventionofwaterdamage to steam turbinesused for electric power generation, see ASME TDP-1.
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122.5 Pressure-Reducing Valves

122.5.1 General. Where pressure-reducing valves areused, one or more pressure-relieving valves or devicesshall be provided on the low pressure side of thesystem. Otherwise, the piping and equipment on thelow pressure side of the system shall be designed to with-stand the upstream design pressure. The pressure-relieving valves or devices shall be located adjoining oras closeaspracticable to the reducingvalve. Thecombinedrelieving capacity provided shall be such that the designpressureof the lowpressure systemwill notbeexceeded ifthe reducing valve fails open.
122.5.2 Bypass Valves.Hand-controlledbypass valveshaving a capacity no greater than the reducing valve maybe installed around pressure-reducing valves if the down-stream piping is protected by pressure-relieving valves ordevices as required in para. 122.5.1 or if the design pres-sureof thedownstreampiping systemandequipment is atleast as high as the upstream design pressure.
122.5.3 Design of Valves and Pressure-Relieving

Valves and Devices. Pressure-reducing and bypassvalves and pressure-relieving valves and devices shallbe designed for inlet pressure and temperature condi-tions. Pressure-relieving valves and devices shall be inaccordance with the requirements of para. 107.8.

122.6 Pressure Relief PipingPressure relief pipingwithin the scope of this Code shallbe supported to sustain reaction forces, and shall conformto the requirements of paras. 122.6.1 and 122.6.2.
122.6.1 Piping to Pressure-Relieving Valves and

Devices

(a) There shall be no intervening stop valves betweenpiping being protected and the protective valve or device.
(b) Diverter or changeover valves designed to allowservicing of redundant protective valves or deviceswithout system depressurization may be installedbetween the piping to be protected and the requiredprotective valves or devices under the following condi-tions:
(1) Diverter or changeover valves are prohibited onboiler external piping and reheat piping.
(2) One hundred percent (100%) of the requiredrelieving capacity shall be continuously available anytime the system is in service.
(3) Positive position indicators shall be provided ondiverter or changeover valves.
(4) Positive locking mechanisms and seals shall beprovided on diverter or changeover valves to precludeunauthorized or accidental operation.
(5) Diverter or changeover valves shall be designedfor the most severe conditions of pressure, temperature,and loading to which they are exposed, and shall be inaccordance with para. 107.

Figure 122.4-1 Desuperheater Schematic Arrangement

GENERAL NOTE: This Figure is a schematic only and is not intended to show equipment layout or orientation.

ASME B31.1-2020

63



(6) Provision shall be made to safely bleed off thepressure between the isolated protective valve ordevice and the diverter or changeover valve.
122.6.2 Discharge Piping From Pressure-Relieving

Valves and Devices

(a) There shall be no intervening stop valve betweenthe protective valve or device and the point of discharge.
(b) When discharging directly to the atmosphere,discharge shall not impinge on other piping or equipmentand shall be directed away fromplatforms andother areasused by personnel.
(c) It is recommended that individual discharge linesbe used, but if two or more reliefs are combined, thedischarge piping shall be designed with sufficient flowarea to prevent blowout of steamor other fluids. Sectionalareas of a discharge pipe shall not be less than the full areaof the valve or device outlets discharging thereinto, andthedischargepipeshall beas short andstraight aspossibleand so arranged as to avoid undue stresses on the valve ordevice.
(d) Discharge lines from pressure-relieving valves anddevices within the scope of this Code shall be designed tofacilitate drainage.
(e) When theumbrella or drip pan type of connection isused, the discharge piping shall be so designed as toprevent binding due to expansion movements.
(f) Drainage shall be provided to remove watercollected above the seat of the pressure-relieving valveor device.
(g) Carbon steel materials listed in MandatoryAppendix A may be used for discharge piping that issubjected to temperatures above 800°F (427°C) onlyduring operation of pressure-relieving valves [see para.107.8.3(b)] provided that
(1) the duration of the pressure-relieving valve’soperation is self-limiting
(2) the piping discharges directly to atmosphere
(3) the allowable stresses for carbon steel materialsat temperatures above 800°F (427°C) shall be taken fromASME BPVC, Section II, Part D, Table 1A for materials ap-plicable to ASME BPVC, Section I and Section VIII,Division 1

122.7 Piping for Flammable or Combustible
Liquids

122.7.1 General. Piping for flammable or combustibleliquids including fuel and lubricating oils is within thescope of this Code. Piping for synthetic lubricantshaving no flash or fire point need not meet the require-ments of para. 122.7.The designer is cautioned that, among other criteria,static electricity may be generated by the flowing fluid.Additionally, the designer is cautioned of the extreme chil-ling effect of a liquefied gas flashing to vapor during loss ofpressure. This is a factor for determining the lowest

expected service temperature relative to the possibilityof brittle fracture of materials. Consideration shall alsobe given to the pressure rise that may occur as a coldfluid absorbs heat from the surroundings.
122.7.2 Materials

(a) Seamless steel or nickel alloy pipingmaterials shallbe used in all areaswhere the line is within 25 ft (7.6m) ofequipment or other lines having an open flame or exposedparts with an operating temperature above 400°F(204°C). Seamless steel or nickel alloy pipe shall alsobe used for fuel oil systems located downstream ofburner shutoff valves. Burner shutoff valves shall belocated as close to the burner as is practical.
(b) In all other areas, piping systems may include pipeor tube of steel, nickel alloy, copper, or brass construction.Copper tubing shall have a thickness not less than thatrequired by para. 104.1.2(c)(3), regardless of pressure.Refer also to paras. 105, 124.6, and 124.7(a).Wherever materials other than steel or nickel alloy areused, they shall be so located that any spill resulting fromthe failure of these materials will not unduly exposepersons, buildings, or structures, or can be readilycontrolled by remote valves.
(c) For lubricatingoil systems, steel tubing is an accept-able alternative to steel pipe.
(d) Polyethylene (PE) and reinforced thermosettingresin (RTR) pipe may be used for flammable or combus-tible liquids, in buried installations only, in accordancewith Mandatory Appendix N.
122.7.3 Piping Joints

(a) Welded joints shall be used between steel or nickelalloy piping componentswhere practicable.Where boltedflanged joints are necessary, the gasket material shall besuitable for the service. Where threaded joints andcompression fittings are unavoidable, the following re-quirements shall be met:
(1) For threaded joints, the pipe thickness shall benot less than extra strong regardless of pressure or type ofmaterial.
(2) The requirements of para. 114 shall apply to allthreaded joints.
(3) Threaded joints and compression fittings shall beassembled carefully to ensure leak tightness. Threadedjoints shall meet the requirements of para. 135.5.Compression fittings shall meet the requirements ofparas. 115 and 135.6. A thread sealant, suitable for theservice, shall be used in threaded joints unless thejoint is to be seal welded or a gasket or O-ring is usedto provide sealing at a surface other than the threads.

(b) Threaded joints in copper or brass pipe shall besubject to the same limitations as for steel pipe in(a)(1), (a)(2), and (a)(3).
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(c) Copper tubing shall be assembledwith flared, flare-less, or compression type joints as prescribed in para. 115,or brazed in accordance with para. 117. Soft solder typejoints are prohibited.
(d) RTR pipe shall be adhesive bonded in accordancewith the pipe manufacturer’s recommended procedures.
(e) Pipe joints dependent on the friction characteristicsor resiliency of combustible materials for mechanical orleak tightness of piping shall not be used inside buildings.
(f) Steel tubing shall be assembled with fittings inaccordance with para. 115, or with socket weld fittings.
122.7.4 Valves and Specialties. Valves, strainers,meters, and other specialties shall be of steel or nickelalloy construction. As an alternative, ductile or malleableiron or copper alloy valves and specialties may be used,subject to the restrictions inparas. 124.6 and124.7,wheremetal temperatures do not exceed 400°F (204°C).

122.8 Piping for Flammable Gases, Toxic Fluids
(Gases or Liquids), or Nonflammable
Nontoxic Gases

(a) Although some gases are liquefied for storage ortransport, they shall be considered as gases if theirReid vapor pressure is greater than 40 psia [2068.6mm Hg (absolute)] at 100°F (37.8°C).
(b) Threaded joints and compression fittings may beused subject to the limitations of para. 114.2.1(b) andother specific limitations identified below, except theyare permitted at connections to refillable storagecontainers and associated pressure regulators, shutoffvalves, pumps, and meters, to a maximum pressure of5,000 psig [34475 kPa (gage)], provided the size doesnot exceed NPS 3∕4 (DN 20).
122.8.1 Flammable Gas

(a) Some of the common flammable gases are acety-lene, ethane, ethylene, hydrogen, methane, propane,butane, and natural or manufactured gas used for fuel.It shall be the designers’ responsibility to determinethe limiting concentrations (upper and lower explosivelimits) and the properties of the gas under consideration.The use of explosive concentrations shall be avoided, orthe piping shall be designed towithstand explosive forces.Vent lines shall be routed in such a way as to avoidexplosive concentrations while venting. Each flammablegas vent point shall be subjected to a hazard analysis thatrequires owner approval. The hazard analysis shalladdress
(1) dissipation of the flammable gases
(2) avoiding explosive concentrations
(3) mitigating possible ignition sources by stoppinghot work and other means
(4) impingement of gases on nearby objects
(5) foreign objects propelled by venting
(6) chilling effect from the venting operation

(7) protection of people by evacuation, by use ofappropriate personal protective equipment, or byother meansThe chilling effect from venting is a factor for deter-mining the lowest expected service temperature relativeto the possibility of brittle fracture of materials.
(b) Materials. Steel piping, subject to the limitations inpara. 105, shall be used for all flammable gases, except asotherwise permitted in (2) through (4).
(1) Welded joints shall be used between steelcomponents where practicable. Where bolted flangedjoints are necessary, the gasket material shall be suitablefor the service. Where threaded joints and compressionfittings are unavoidable, the following requirements shallbe met:
(-a) For threaded joints, thepipe thickness shall benot less than extra strong regardless of pressure or type ofmaterial.
(-b) Threaded joints and compression fittingsmaybe used subject to the limitations of para. 122.8(b).
(-c) Threaded joints and compression fittings shallbe assembled carefully to ensure leak tightness. Threadedjoints shall meet the requirements of para. 135.5.Compression fittings shall meet the requirements ofparas. 115 and 135.6. A thread sealant, suitable for theservice, shall be used in threaded joints unless thejoint is to be seal welded or a gasket or O-ring is usedto provide sealing at a surface other than the threads.

(2) For hydrogen systems, the following alternativematerials may be used:
(-a) seamless steel tubing with welded joints.
(-b) seamless copper or brass pipe or tubing withbrazed, threaded, or compression fitting joints. Threadedfittings shall not exceed NPS 3∕4 (DN 20). For protectionagainst damage, tubing shall be installed in a guardedmanner that will prevent damage during construction,operation, or service. Valves with suitable packing,gages, regulators, and other equipment may alsoconsist of copper alloy materials. Safety relief devicesshall be vented individually, and connected vent pipingshall be designed to convey the fluid, without pockets,to the outside atmosphere; and then directed awayfrom equipment ventilation systems and vents fromother systems.

(3) For fuel gas instrumentation and control, seam-less copper tubing subject to the following restrictionsmay be used:
(-a) The design pressure shall not exceed 100 psi(690 kPa).
(-b) Tubing shall not exceed 5∕8 in. (15.9 mm)nominal outside diameter.
(-c) All joints shall be made with compression orflared fittings.
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(-d) Copper tubing shall not be used if the fuel gascontains more than 0.3 grains (19.4 mg) of hydrogensulfide per 100 ft3/min (47 L/s) of gas at standard condi-tions.
(-e) Consideration shall be given in the design tothe lower strength and melting point of copper comparedto steel. Adequate support and protection from highambient temperatures and vibration shall be provided.
(-f) Tubing shall be installed in a guarded mannerthat will prevent damage during construction, operation,and service.

(4) Polyethylene (PE) pipe may be used for naturalgas service, inburied installationsonly, in accordancewithMandatory Appendix N.
(c) Valves and Specialties.Valves, strainers,meters, andother specialties shall be of steel or nickel alloy construc-tion. As an alternative, ductile iron or copper alloy valvesand specialties may be used, subject to the restrictions inparas. 124.6 and 124.7, where metal temperatures do notexceed 400°F (204°C).
(d) For in-plant fuel gas distribution systemswhere theuse of a full-relieving-capacity safety or safety relief valveas described in para. 107.8.3(b) could create an undueventing hazard, an alternative pressure-limiting designmay be substituted. The alternative design shallinclude the provisions in (1) through (3).
(1) TandemGas Pressure-Reducing Valves.Toprotectthe low pressure system, two gas pressure-reducingvalves capable of independent operation shall be installedin series. Each shall have the capability of closing offagainst the maximum upstream pressure, and of control-ling the pressure on the low pressure side at or below thedesign pressure of the low pressure system, if the othervalve fails open. Control lines must be suitably protected,designed, and installed so that damage to any one controlline will not result in overpressurizing the downstreampiping.
(2) Trip Stop Valve. A fail-safe trip stop valve shall beinstalled to automatically close, in less than 1 sec, at orbelow the design pressure of the downstream piping.It shall be a manually reset design. The pressureswitch for initiating closure of the trip stop valve shallbe hardwired directly to the valve tripping circuit. Thepressure switch shall bemounteddirectly on the lowpres-sure piping without an intervening isolation valve. Thetrip stop valve shall be located so that it is accessibleand protected from mechanical damage and fromweather or other ambient conditions that could impairits proper functioning. It may be located upstream ordownstream of the tandem gas pressure-reducingvalves. The trip stop valve and all upstream pipingshall be designed for themaximumupstream supply pres-sure. The trip stop valve may also serve as the upstreamisolation valve of a double-block and vent gas supply isola-tion system. Provision shall bemade to safely bleed off thepressure downstream of the trip stop valve.

(3) Safety Pressure Relief. The low pressure systemshall be protected fromany leakage through the pressure-reducing valves, when closed, by a safety relief valveconstructed and designed in accordance withpara. 107.8.3(b), and sized for the possible leakage rate.
122.8.2 Toxic Fluids (Gas or Liquid)

(a) For the purpose of this Code, a toxic fluid is one thatmay be lethal or capable of producing injury and/orserious illness through contact, inhalation, ingestion, orabsorption through any body surface. It shall be thedesigners’ responsibility to adopt the safety precautionspublished by the relevant fluid industry, which may bemore stringent than those described in this Code fortoxic fluids. In addition, the piping shall be installed insuch a manner that will minimize the possibility ofdamage from external sources.
(b) Preferably, pipe and pipe fittings should be seam-less steel. Wall thickness shall not be less than that inTable 122.8.2-1.If the fluid is known to be corrosive to the steels inTable 122.8.2-1, thematerials andwall thickness selectedshall be suitable for the service. (Refer to para. 104.1.2.)
(c) Welded joints shall be used between steel compo-nents where practicable. Backing rings used for makinggirth butt welds shall be removed after welding. Miterwelds are prohibited. Fabricated branch connections(shaped branch pipe welded directly to run pipe) maybe used only if other types of branch connectionspermitted by para. 104.3.1 are not available. Socketwelded joints shall be used only with steel materialsand shall not be larger than NPS 21∕2 (DN 65). Wherebolted flanged joints are necessary, socket weld orwelding neck flanges shall be used. Gasket materialsshall be suitable for the service. Compression fittingsare prohibited. Where the use of threaded joints isunavoidable, all of the following requirements shall bemet:
(1) The pipe thickness shall be not less than extrastrong, regardless of pressure or type of material.
(2) In addition to the provisions of para. 122.8(b),threaded joints and compression fittings may be usedat connections to refillable storage containers and

Table 122.8.2-1 Minimum Wall Thickness Requirements
for Toxic Fluid Piping

Size

Carbon and
Low Alloy Steel

(Mandatory Appendix A,
Tables A-1 and A-2)

Stainless and
Nickel Alloy Steel

(Mandatory Appendix A,
Tables A-3 and A-4)NPS 2 (DN 50)andsmaller Extra strong Schedule 10S

Larger thanNPS 2(DN 50) Standard weight Schedule 5S
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associatedpressure regulators, shutoff valves, pumps, andmeters toamaximumpressureof50psig [345kPa (gage)],provided the size does not exceed NPS 2 (DN 50).
(3) Threaded joints shall be assembled carefully toensure leak tightness. The requirements of para. 135.5shall be met. A thread sealant, suitable for the service,shall be used unless the joint is to be seal welded or agasket or O-ring is used to provide sealing at a surfaceother than the threads.

(d) Steel valves shall be used. Bonnet joints withtapered threads are not permitted. Special considerationshall be given to valve design to prevent stem leakage tothe environment. Bonnet or coverplate closures andotherbody joints shall be one of the following types:
(1) union
(2) flangedwith suitable gasketing and secured by atleast four bolts
(3) proprietary, attached by bolts, lugs, or othersubstantial means, and having a design that increasesgasket compression as fluid pressure increases
(4) threaded with straight threads sufficient formechanical strength, metal-to-metal seats, and a sealweld made in accordance with para. 127.4.5, all actingin series

(e) Tubing not larger than 5∕8 in. (16 mm) O.D. withsocket welding fittings may be used to connect instru-ments to the process line. An accessible root valveshall be provided at the process lines to permit isolatingthe tubing from the process piping. The layout andmounting of tubing shallminimize vibration and exposureto possible damage.
(f) The provisions of para. 102.2.4 are not permitted.The simplified rules for analysis in para. 119.7.1(a)(3) arenot permitted. The piping system shall be designed tominimize impact and shock loads. Suitable dynamicanalysis shall be made where necessary to avoid or mini-mize vibration, pulsation, or resonance effects in thepiping. The designer is cautioned to consider the possi-bility of brittle fracture of the steel material selectedover the entire range of temperatures to which it maybe subjected.
(g) For dry chlorine service between −20°F (−29°C)and 300°F (149°C), the pipe material shall not be lessin thickness than seamless extra strong steel.
(h) Toxic fluid piping shall be pneumatic leak tested inaccordance with para. 137.5. Alternatively, mass spectro-meter or halide leak testing in accordance with para.137.6, and a hydrostatic test in accordance with para.137.3 may be performed.
(i) Where it is not possible to avoid venting toxic gases(such as discharges from safety relief devices wherecontainment is impractical), vent lines shall be routedin such away as to avoid exposing personnel to hazardousconcentrations while venting. Each toxic gas vent pointshall be subjected to a hazard analysis that requires

owner approval. The hazard analysis shall address thefollowing:
(1) dissipation of the toxic gases
(2) avoiding exposing personnel to toxic concentra-tions by vent point location, by evacuation, by use ofappropriate personal protective equipment, or byother means
(3) foreign objects propelled by venting
(4) chilling effect from the venting operation [seepara. 122.8.1(a)]

122.8.3 Nonflammable Nontoxic Gas

(a) Piping for nonflammable and nontoxic gases, suchas air, oxygen, carbon dioxide, and nitrogen, shall complywith the requirements of this Code, except as otherwisepermitted in (b). The designer is cautioned of the extremechilling effect during rapid expansion. This is a factor fordetermining the lowest expected service temperaturerelative to the brittle fracture of the material selected.
(b) Threaded joints and compression fittings may beused subject to the conditions of para. 122.8(b).

122.9 Piping for Corrosive Liquids and GasesWhere it is necessary to use special material, such asglass, plastics, ormetallic piping linedwith nonmetals, notlisted in Table 126.1-1, for conveying corrosive or hazard-ous liquids and gases, the design shall meet the require-ments of para. 104.7.
122.10 Temporary Piping SystemsPrior to test and operation of the power plant and itsincludedpiping systems,mostpowerandauxiliary servicepiping are subjected to flushing or chemical cleaning toremove internal foreign material such as rust particles,scale, welding or brazing residue, and dirt, which mayhave accumulated within the piping during the construc-tion period. This Code does not address the flushing orcleaning operations. Temporary piping, i.e., pipingattached to the permanent piping system whose functionis to provide means for introducing and removing thefluids used in the flushing or cleaning operations, shallbe designed and constructed to withstand the operatingconditions during flushing and cleaning. The followingminimum requirements shall apply to temporarypiping systems:
(a) Each such system shall be analyzed for compliancewith para. 103.
(b) Connections for temporarypiping to thepermanentpiping systems that are intended to remain shall meet thedesign and construction requirements of the permanentsystem to which they are attached.
(c) The temporary systems shall be supported suchthat forces and moments due to static, dynamic, andexpansion loadingswill not be transferred in an unaccept-able manner to the connected permanent piping system.
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Paragraphs 120 and 121 shall be used as guidance for thedesign of the temporary piping system’s supportingelements.
(d) The temporary systems shall be capable of with-standing the cyclic loadings that occur during the flushingand cleaning operations. Particular attention shall begiven to the effects of large thrust forces that may begenerated during high-velocity blowing cycles. Wheresteam piping is to be subjected to high-velocityblowing operations, continuous or automatic drainingof trapped or potentially trapped water within thesystem shall be incorporated. Supports at the exhaustterminals of blowdown piping shall provide for restraintof potential pipe whip.
(e) Where necessary, temporary systems containingcast iron or carbon steel material subject to chemicalcleaning shall be prewarmed to avoid the potential forbrittle failure of the material.
(f) Where temporary piping has been installed and itdoes not comply with the requirements of this Code forpermanent piping systems, it shall be physically removedor separated from the permanent piping to which it isattached prior to testing of the permanent pipingsystem and prior to plant startup.

122.11 Steam Trap Piping

122.11.1 Drip Lines. Drip lines from piping or equip-ment operating at different pressures shall not beconnected to discharge through the same trap.
122.11.2 Discharge Piping.Trap discharge piping shallbedesigned to the samepressure as the inlet piping unlessthe discharge is vented to atmosphere or is operatedunder low pressure and has no stop valves. In no caseshall the design pressure of trap discharge piping beless than the maximum discharge pressure to which itmay be subjected. Where two or more traps dischargeinto the same header, a stop valve shall be provided inthe discharge line from each trap. Where the pressurein the discharge piping can exceed the pressure in theinlet piping, a check valve shall be provided in the trapdischarge line. A check valve is not required if eitherthe stop valve or the steam trap is designed to automa-tically prevent reverse flowand is capable ofwithstandinga reverse differential pressure equal to the design pres-sure of the discharge piping.

122.12 Exhaust and Pump Suction PipingExhaust and pump suction lines for any service andpressure shall have pressure-relieving valves ordevices of suitable size unless the lines and attachedequipment are designed for the maximum pressure towhich they may accidentally or otherwise be subjected,or unless a suitable alarm indicator, such as a whistleor free blowing pressure-relieving valve, is installedwhere it will warn the operator.

122.13 Pump Discharge PipingPump discharge piping from the pump up to andincluding the valve normally used for isolation or flowcontrol shall bedesigned for themaximumsustainedpres-sure exerted by the pump and for the highest coincidentfluid temperature, as a minimum. Variations in pressureand temperature due to occasional inadvertent operationare permitted as limited in para. 102.2.4 under any of thefollowing conditions:
(a) during operation of overpressure relieving valvesdesigned to protect the piping system and the attachedequipment
(b) during a short period of abnormal operation, suchas pump overspeed
(c) during uncontrolled transients of pressure ortemperature

122.14 District Heating and Steam Distribution
Systems

122.14.1 General.Where pressure-reducing valves areused, one or more pressure-relieving valves or devicesshall be provided on the low pressure side of thesystem. Otherwise, the piping and equipment on thelow pressure side of the system shall be designed to with-stand the upstream design pressure. The pressure-relieving valves or devices shall be located adjoining oras closeaspracticable to the reducingvalve.The combinedrelieving capacity provided shall be such that the designpressureof the lowpressure systemwill notbeexceeded ifthe reducing valve fails open.
122.14.2 Alternative Systems. In district heating andsteam distribution systems where the steam pressuredoes not exceed 400 psi (2 750 kPa) and where theuse of pressure-relieving valves or devices as describedin para. 122.14.1 is not feasible (e.g., because there is noacceptable discharge location for the vent piping), alter-native designs may be substituted for relief valves ordevices. In either case, it is recommended that alarmsbe provided that will reliably warn the operator offailure of any pressure-reducing valve.
(a) Tandem Steam Pressure-Reducing Valves. Two ormore steampressure-reducing valves capable of indepen-dent operation may be installed in series, each set at orbelow the safe working pressure of the equipment andpiping system served. In this case, no relief valve ordevice is required.Each pressure-reducing valve shall have the capabilityof closing off against full line pressure, and of controllingthe reduced pressure at or below the design pressure ofthe low pressure system, if the other valve fails open.
(b) Trip Stop Valves. A trip stop steam valve set to closeat orbelow thedesignpressureof the lowpressure systemmay be used in place of a second reducing valve or a reliefvalve.
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Chapter III
Materials

123 GENERAL REQUIREMENTSChapter III contains limitations and required qualifica-tions formaterials based on their inherent properties. Useof these materials in piping systems is also subject to re-quirements and limitations in other parts of this Code.
123.1 Materials and Specifications

123.1.1 Listed Materials. Material meeting thefollowing requirements shall be considered listed and ac-ceptable material:
(a) Materials for which allowable stress values arelisted in Mandatory Appendix A or that have beenapproved by the procedure established by (c).
(b) A material conforming to a specification for whichallowable stresses are not listed inMandatory Appendix Ais acceptable provided its use is not specifically prohibitedby this Code Section and it satisfies one of the followingrequirements:
(1) It is referenced in a standard listed inTable 126.1-1. Such a material shall be used onlywithin the scope of and in the product form coveredby the referencing standard listed in Table 126.1-1.
(2) It is referenced in other parts of this Code Sectionand shall be used only within the scope of and in theproduct form permitted by the referencing text.

(c) The ASME B31.1 Committee considers requests foradoption of new materials desired by the owner/user orfabricator, manufacturer, installer, or assembler of pipingor piping components constructed to the Code.Where it isdesired to use materials that are not currently acceptableunder the rules of this Code Section, written applicationshall be made to the Committee fully describing theproposed material, the user need, and the contemplateduse.
(1) Such material shall not be considered listed andnot be used as a listed material until it has been approvedby the Committee and allowable stress values have beenassigned. Details of information that should be included insuch applications are given in ASME BPVC, Section II, PartD, Mandatory Appendix 5.
(2) If it is desired that the material be permitted foruse inBoiler External Piping (BEP), this should benoted inthe request. The request should indicate whether thematerial is currently permitted for use by ASME BPVC,Section I or an ASME BPVC, Section I Code Case and

whether a request has been made or will be made tothe Section I Committee to consider permitting the useof the material. The request shall indicate the intendedapplication and range of service temperatures for thematerial. In determining whether a material should bepermitted to be used in BEP, the ASME B31.1 Committeewill consider the following and other pertinent factors:
(-a) whether the material is permitted to be usedby ASME BPVC, Section I
(-b) whether the material is essentially the sameasamaterial permitted tobeusedbyASMEBPVC, Section I
(-c) the experience base for the use of thematerial
(-d) whether the material is seam welded withfiller metal added (seam-welded pipe with filler metaladded is generally not permitted)
(-e) whether the material is intended for use inwater-wetted service and is austenitic stainless steel (aus-tenitic stainless steels are generally not permitted inwater-wetted service)

(d) Materials conforming toASMESAorASMESBspeci-fications may be used interchangeably with materialspecified to the listed ASTM A or ASTM B specificationsof the same number, except where the requirements ofpara. 123.2.2 apply.
(e) The tabulated stress values inMandatory AppendixA that are shown in italics are at temperatures in the rangewhere creep and stress rupture strength govern the selec-tion of stresses.
123.1.2 Unlisted Materials.Materials other than thosemeeting the requirements of para. 123.1.1 shall be consid-ered unlisted materials. Such unlisted materials may onlybeused fornonboilerexternal pipingprovided theysatisfyall of the following requirements:
(a) Unlisted materials are certified by the materialmanufacturer to satisfy the requirementsof a specificationlisted in any Code Section of ASME B31 Code for PressurePiping; ASME BPVC, Section II, Part D; or to a publishedspecification covering chemistry, physical andmechanicalproperties, method and process of manufacture, heattreatment, and quality control.
(b) The allowable stresses of the unlisted materialsshall be determined in accordance with the rules ofpara. 102.3.1(c).
(c) Unlisted materials shall be qualified for servicewithin a stated rangeofminimumandmaximumtempera-tures basedondata associatedwith successful experience,
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tests, or analysis, or a combination thereof. Seepara. 124.1.2 for minimum service temperature qualifica-tions.
(d) The designer shall document the owner’s accep-tance for use of unlisted material.
(e) All other requirements of this Code are satisfied.
123.1.3 Unknown Materials. Materials of unknownspecification shall not be used for pressure-containingpiping components.
123.1.5 Size or Thickness. Materials outside the limitsof size or thickness given in the title or scope clause of anyspecification listed in Table 126.1-1 may be used if thematerial is in compliance with the other requirementsof the specification and no other similar limitation isgiven in the rules for construction.
123.1.6ð20Þ Marking of MaterialsorProducts.Materialsorproducts marked as meeting the requirements for morethan one grade, type, or alloy of amaterial specification ormultiple specifications are acceptable provided
(a) at least one of the multiple markings includes amaterial specification, grade, class, and type or alloy ofthe material selected by the designer; the selected mate-rial is permitted by this Code; and the selected materialmeets all the requirements of that specification
(b) only the appropriatedesignvalues, includingallow-able stress, for the selected material from MandatoryAppendices A through C are used
(c) themultiplemarkingsmeet the guidelines set out inASME BPVC, Section II, Part D, Mandatory Appendix 7
(d) all other requirements of this Code are satisfied forthe selected material
123.1.7 Materials Manufactured to Other Specifica-

tion Editions. Materials may meet the requirements ofmaterial specification editions other than the editionslisted in Mandatory Appendix F provided
(a) the materials are the same specification, grade,type, class, or alloy, and heat-treated condition, as appli-cable.
(b) the material tensile and yield strengths shall becompared and any differences shall be evaluated. If thematerial has a lower strength than required by theedition of the specification in Mandatory Appendix F,the effect of the reduction on the allowable stress andthe design shall be reconciled.

123.2 Piping Components

123.2.1 General.Materials that do not comply with therules of para. 123.1 may be used for flared, flareless, andcompression type tubing fittings, provided that the re-quirements of para. 115 are met.

123.2.2 Boiler External Piping

(a) Materials for boiler external piping, as defined inpara. 100.1.2(a), shall be specified in accordance withASME SA, ASME SB, or ASME SFA specifications. Materialproduced under an ASTM specification may be used,provided that the requirements of the ASTM specificationare identical or more stringent than the ASME specifica-tion for the grade, class, or type produced. The materialmanufacturer or component manufacturer shall certify,with evidence acceptable to the Authorized Inspector,that the ASME specification requirements have beenmet. Materials produced to ASME or ASTMmaterial speci-fications are not limited as to country of origin.
(b) Materials that are not fully identified shall complywith ASME BPVC, Section I, PG-10.
(c) In addition tomaterials listed inMandatory Appen-dix A without Note (1), materials that are listed in ASMEBPVC, Section I may be used in boiler external piping.When such Section I materials are used, the allowablestresses shall be those listed in ASME BPVC, Section II,Part D, Tables 1A and 1B applicable to Section I. Forthese Section I materials, the applicable requirementsin Tables 1A and 1B, and Section I, PG-5 through PG-13, PW-5, PWT-5, PMB-5, and PEB-5 shall be met.

123.3 ð20ÞPipe-Supporting ElementsMaterials used for pipe-supporting elements shall besuitable for the service and shall comply with the require-ments of para. 121.2(c), para. 121.7.2(c), para. 121.7.2(d),para. 123.1, or MSS SP-58. When using MSS SP-58, theallowable stresses for unlisted materials shall be estab-lished in accordance with the rules of para. 102.3.1(c)of ASME B31.1 in lieu of MSS SP-58.
123.4 Longitudinal-Welded or Spiral-Welded Pipe

With Filler Metal Added

(a) For the purposes of para. 104.1.1, the start of thecreep range is the highest temperature where the noni-talicized stress values end in Mandatory Appendix A.
(b) All welds in longitudinal-welded or spiral-weldedpipe operating in the creep range shall receive and pass a100% volumetric examination (RT or UT) per the appli-cable material specification or in accordance withpara. 136.4.5 or para. 136.4.6 and Table 136.4.1-1, orthe joint efficiency factor (used as a multiplier to theweld strength reduction factor) from Table 102.4.7-1shall be used.

124 LIMITATIONS ON MATERIALS

124.1 Temperature Limitations

124.1.1 Upper Temperature Limits. The materialslisted in the Allowable Stress Tables,Tables A-1through A-10, Mandatory Appendix A, shall not be
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used at design temperatures above those for which stressvalues are given except as permitted by para. 122.6.2(g).
124.1.2 Lower Temperature Limits

(a) The designer shall give consideration to the possi-bility of brittle fracture at low service temperature.
(b) The requirements of ASME B31T, Standard Tough-ness Requirements for Piping, shall be met.
(1) For materials listed in ASME B31T, seeNonmandatory Appendix VIII for guidelines to determineif low-temperature service requirements apply.
(2) For materials not listed in ASME B31T, thedesigner shall establish the T-number group using theguidelines provided in ASME B31T, NonmandatoryAppendix B, and the requirements of ASME B31T forthat T-number group shall be met. To confirm the T-number group assignment, impact tests shall be run onthree heats of thematerial. The test shall be in accordancewith the requirements of section 4 of ASME B31T, and thetest temperature shall be at or below the “MaterialMinimum Temperature Without Impacts” listed for theT-number group in Table 3.1-1 of ASME B31T.

124.2 Steel

(a) Upon prolonged exposure to temperatures above800°F (427°C), the carbide phase of plain carbon steel,carbon–molybdenum steel, plain nickel alloy steel,carbon–manganese alloy steel, manganese–vanadiumalloy steel, and carbon–silicon steel may be convertedto graphite.
(b) Upon prolonged exposure to temperatures above875°F (468°C), the carbide phase of alloy steels, suchas manganese–molybdenum–vanadium, manganese–chromium–vanadium, and chromium–vanadium, maybe converted to graphite.
(c) Carbon or alloy steel having carbon content ofmorethan 0.35% shall not be used inwelded construction or beshaped by an oxygen cutting process or other thermalcutting processes.
(d) Where low alloy 21∕4% chromium steels are used attemperatures above 850°F (454°C), the carbon content ofthe base material and weld filler metal shall be 0.05% orhigher.
(e) Carbon and low alloy steels may be susceptible toflow-accelerated corrosion (FAC, also referred to as flow-assisted corrosion) under certain conditions, whichmightinclude rapid or turbulent single- or two-phase flow, lowpH, low oxygen concentration, and temperatures in therange of approximately 200°F (93°C) to 500°F (260°C).Materials containing at least 0.1% chromium are consid-ered to be less susceptible to FAC, and these steels willexhibit increasing resistance to FAC as chromiumcontent is increased. Additional information regardingFAC is provided in Nonmandatory Appendix IV.

124.4 Gray Cast IronThe low ductility of cast gray iron may result in suddenfailure if shock loading (pressure, temperature, ormechanical) should occur. Possible shock loadings andconsequences of failure must be considered before speci-fying the use of such material. Cast iron components maybe used within the nonshock pressure–temperatureratings established by the standards and specificationsherein and in para. 105.2.1(b). Castings to ASME SA-278 and ASTM A278 shall have maximum limits of 250psig [1725 kPa (gage)] and 450°F (232°C).The following referenced paragraphs prohibit orrestrict the use of gray cast iron for certain applicationsor to certain pressure–temperature ratings:Pipe supports 121.7.2(c)BEP blowoff 122.1.4(a)(3)BEP blowdown 122.1.4(b)(3)BEP valves and fittings 122.1.7Blowoff valves 122.1.7(c)(5), 122.1.7(c)(6)Non-BEP blowoff 122.2(a)(1)Non-BEP blowdown 122.2(a)(2)Flammable or combustible liquids 122.7.2(a), 122.7.2(b), 122.7.4Flammable gases 122.8.1(b), 122.8.1(c)Toxic gases or liquids 122.8.2(b), 122.8.2(d)
124.5 Malleable IronCertain types of malleable iron have low ductility char-acteristics andmaybe subject tobrittle fracture.Malleableiron may be used for design conditions not to exceed 350psig [2415 kPa (gage)] or 450°F (232°C).The following referenced paragraphs prohibit orrestrict the use of malleable iron for certain applicationsor to certain pressure–temperature ratings:Pipe supports 121.7.2(d)BEP blowoff 122.1.4(a)(3)BEP blowdown 122.1.4(b)(3)Non-BEP blowoff 122.2(a)(1)Non-BEP blowdown 122.2(a)(2)Flammable or combustible liquids 122.7.2(a), 122.7.2(b),122.7.4Flammable gases 122.8.1(b), 122.8.1(c)Toxic gases or liquids 122.8.2(b), 122.8.2(d)
124.6 Ductile (Nodular) IronDuctile iron components complying with ANSI/AWWAC110/A21.10, ANSI/AWWA C115/A21.15, ANSI/AWWAC151/A21.51, or ANSI/AWWA C153/A21.53 may beused for water and other nontoxic, nonflammableservice, with pressure limits as specified in those stan-dards and temperature l imi ts as spec i f ied in
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para. 106.1(e). These components may not be used forboiler external piping.Ductile (nodular) ironcomponents conforming toASMEB16.42 may be used for services including boiler externalpiping under the following conditions:
(a) Components for boiler external piping shall be usedonly within the following limitations:
(1) Only ASME SA-395 material may be used.
(2) Design pressure shall not exceed 350 psig [2415kPa (gage)].
(3) Design temperature shall not exceed 450°F(232°C).

(b) Welding shall not be used, either in fabrication ofthe components or in their assembly as a part of a pipingsystem.
(c) The following referenced paragraphs prohibit orrestrict the use of ductile iron for certain applicationsor to certain pressure–temperature ratings:BEP blowoff 122.1.4(a)(3)BEP blowdown 122.1.4(b)(3)BEP blowoff valves 122.1.7(c)(5), 122.1.7(c)(6)Non-BEP blowoff 122.2(a)(1)Non-BEP blowdown 122.2(a)(2)Flammable or combustible liquids 122.7.2(a), 122.7.2(b), 122.7.4Flammable gases 122.8.1(b), 122.8.1(c)Toxic gases or liquids 122.8.2(b), 122.8.2(d)Pipe supports 123.3

124.7 Nonferrous MetalsNonferrousmetalsmaybeused inpiping systemsunderthe following conditions:
(a) The melting points of copper, copper alloys,aluminum, and aluminum alloys must be considered, par-ticularly where there is a fire hazard.
(b) The designer shall consider the possibility ofgalvanic corrosion when combinations of dissimilarmetals, such as copper, aluminum, and their alloys, areused in conjunction with each other or with steel orother metals in the presence of an electrolyte.
(c) Threaded Connections. A suitable thread compoundshall be used in making up threaded joints in aluminumpipe to prevent seizing that might cause leakage andperhaps prevent disassembly. Pipe in the annealedtemper should not be threaded.

124.8 Cladding and Lining MaterialsMaterials with cladding or liningmay be used, providedthat
(a) the basematerial is an approvedCodematerial. Theallowable stress used shall be that of the basemetal at thedesign temperature.

(b) the cladding or lining is a material that in the judg-ment of the user is suitable for the intended service, andthe cladding/lining and its method of application do notdetract from the serviceability of the base material.
(c) bending procedures are such that damaging ordetrimental thinningof the claddingmaterial isprevented.
(d) welding and the inspection of welds is in accor-dance with the provisions of Chapters V and VI of thisCode.
(e) the thickness of the cladding is not credited forstructural strength in the piping design.

124.9 Nonmetallic PipeThis Code recognizes the existence of a wide variety ofnonmetallicpipingmaterials thatmaybeused in corrosive(either internal or external) or other specialized applica-tions. Extreme care must be taken in their selection, astheir design properties vary greatly and depend on thematerial, type, and grade. Particular consideration shallbe given to
(a) possible destruction where fire hazard is involved
(b) possible decrease in tensile strength at slightincrease in temperature
(c) effects of toxicity
(d) requirements for providing adequate support forflexible pipeRules and service limitations for plastic and elastomer-basedpipingmaterials, including thermoplastics and rein-forced thermosetting resins, are given in MandatoryAppendix N.

124.10 ð20ÞDeterioration of Materials in ServiceIt is the responsibility of the designer to selectmaterialssuitable for the intendedapplication. Guidelines and infor-mation related to corrosion, corrosion protection, andpotential damage mechanisms other than corrosion areprovided in Nonmandatory Appendices IV and V.
124.11 GasketsLimitations on gasket materials are covered inpara. 108.4.
124.12 BoltingLimitations on bolting materials are covered inpara. 108.5.
125 CREEP STRENGTH ENHANCED FERRITIC

MATERIALS

125.1 Requirements for ASTM A217, Grade C12A
and ASTM A1091, Grade C91 Castings

125.1.1 Required Examinations. The casting shall beexamined in accordance with the requirements ofpara. 102.4.6(b).
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Alternatively, castings for valves may be examined inaccordance with the requirements of ASME B16.34 forspecial class valves.
125.1.2 Heat Treatment Requirements

(a) The material shall be austenitized within thetemperature range of 1,900°F to 1,975°F (1040°C to1080°C), followed by air or accelerated cooling1 to atemperature of 200°F (95°C) or below, followed bytempering within a range of 1,350°F to 1,470°F (730°Cto 800°C). However, if a major weld repair, as definedin ASTM A217, para. 9.4 or ASTM A1091, para. 10.3.4,as applicable, is made after the austenitizing andtempering heat treatment, then a new austenitizingand tempering heat treatment in accordance with the re-quirements of this subparagraph shall be carried out.
(b) Whenheat treating single castings, compliancewiththe specified temperature range shall be verified by ther-mocouples placeddirectly on the casting. For castings thatare heat treated in batches, compliance with the specifiedtemperature range shall be verified by thermocouplesplaced on selected castings in each heat treatmentbatch. The number and location of thermocouples tobe placed on each casting, or on each heat treatmentbatch of castings, for verification of heat treatmentshall be as agreed between the purchaser and theproducer. A record of the final austenitizing andtempering heat treatment, and any subsequent subcriticalheat treatment, to include both the number and location ofthermocouples applied to each casting, or to each heattreatment batch of castings, shall be prepared andmade available to the purchaser. In addition, all heat treat-ment temperatures and cycle times for the final austeni-tizing and tempering heat treatment, and any subsequentsubcritical heat treatment, shall be shown on the certifi-cation report.
(c) Thehardness of the castmaterial after the final heattreatment (including PWHT) shall be Brinell hardnessnumber 185 to 248 or Rockwell B90 to C25. Hardnesstesting shall be in accordance with SupplementaryRequirement S13 of ASTM A217 or ASTM A1091, as ap-plicable.

125.1.3 Weld Repair Requirements

(a) Weld repairs to castings shall be made with one ofthe following welding processes and consumables:
(1) SMAW, ASME SFA-5.5/SFA-5.5M E90XX-B9
(2) SAW, ASME SFA-5.23/SFA-5.23M EB9 + neutralflux
(3) GTAW, ASME SFA-5.28/SFA-5.28M ER90S-B9
(4) FCAW, ASME SFA-5.29/SFA-5.29M E91T1-B9In addition, the Ni + Mn content of all weldingconsumables shall not exceed 1.0%.

(b) Weld repairs to castings as part of material manu-facture shall be made with welding procedures andwelders qualified in accordance with ASME BPVC,Section IX.
(c) All weld repairs shall be recorded with respect totheir location on the casting. For all major weld repairs, asdefined in ASTM A217, para. 9.4 or ASTM A1091, para.10.3.4, as applicable, the record shall include a descriptionof the length, width, and depth of the repair. Supplemen-tary Requirement S12 of ASTMA703 shall apply. Forweldrepairs performed as part of material manufacture, thedocumentation shall be included with the Material TestReport. For weld repairs performed on components forboiler external piping by the Manufacturer, documenta-tion shall be included with the Manufacturer’s DataReport.
125.1.4 Overheating Requirements. If, during themanufacturing, any portion of the component is heatedto a temperature greater than 1,470°F (800°C), thenthe component shall be reaustenitized and retemperedin its entirety in accordance with para. 125.1.2, or thatportion of the component heated above 1,470°F(800°C), including the heat-affected zone created bythe local heating, shall be replaced or shall beremoved, reaustenitized, retempered, and then replacedin the component.
125.1.5 Certification Requirements. A manufacturer’stest report meeting certification requirements of ASTMA703 shall be provided.

1To facilitate complete transformation to martensite after the auste-nitizing, cooling should be as uniform as possible.
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Chapter IV
Reference Specifications, Codes, and Standardsð20Þð20Þ

126ð20Þ SPECIFICATIONS AND STANDARDS FOR
STANDARD AND NONSTANDARD PIPING
COMPONENTS

126.1ð20Þ Standard Piping ComponentsStandard piping components shall comply with thestandards and specifications listed in Table 126.1-1 inaccordance with para. 100.
126.2 Nonstandard Piping ComponentsWhen nonstandard piping components are designed inaccordance with para. 104, adherence to dimensionalstandards of ANSI and ASME is strongly recommendedwhen practicable.
126.3 Referenced DocumentsThe documents listed in Table 126.1-1 may containreferences to codes, standards, or specifications notlisted in this Table. Such unlisted codes, standards, or

specifications are to be used only in the context of thelisted documents in which they appear.Where documents listed in Table 126.1-1 containdesign rules that are in conflict with this Code, thedesign rules of this Code shall govern.The fabrication, assembly, examination, inspection, andtesting requirements of Chapters V and VI apply to theconstruction of piping systems. These requirementsare not applicable to piping components manufacturedin accordance with the documents listed in Table126.1-1 unless specifically so stated.
126.4 ð20ÞOther DocumentsTable 126.1-1 may contain references to codes, stan-dards, or specifications not referenced elsewhere inthis Code. Compliance with these codes, standards, orspecifications is permissiblewhen the rules donot conflictwith this Code.
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Table 126.1-1 ð20ÞSpecifications and Standards

Designator Title
AISC Publication… Manual of Steel Construction Allowable Stress Design

American National StandardZ223.1 National Fuel Gas Code (ANSI/NFPA 54)
API Specifications

Seamless and Welded Pipe5L Line Pipe570 Piping Inspection Code: In-Service Inspection, Rating, Repair, and Alteration of Piping Systems, Third Edition
ASCE StandardASCE/SEI 7 Minimum Design Loads and Associated Criteria for Buildings and Other Structures

ASME Codes and StandardsB1.1 Unified Inch Screw ThreadsB1.13M Metric Screw Threads — M ProfileB1.20.1 Pipe Threads, General Purpose (Inch)B1.20.3 Dryseal Pipe Threads (Inch)B16.1 Gray Iron Pipe Flanges and Flanged Fittings — Classes 25, 125, and 250B16.3 Malleable Iron Threaded FittingsB16.4 Gray Iron Threaded FittingsB16.5 Pipe Flanges and Flanged FittingsB16.9 Factory-Made Wrought Buttwelding FittingsB16.10 Face-to-Face and End-to-End Dimensions of ValvesB16.11 Forged Fittings, Socket-Welding and ThreadedB16.14 Ferrous Pipe Plugs, Bushings, and Locknuts With Pipe ThreadsB16.15 Cast Bronze Threaded Fittings, Classes 125 and 250B16.18 Cast Copper Alloy Solder-Joint Pressure FittingsB16.20 Metallic Gaskets for Pipe Flanges — Ring Joint, Spiral Wound, and JacketedB16.21 Nonmetallic Flat Gaskets for Pipe FlangesB16.22 Wrought Copper and Copper Alloy Solder Joint Pressure FittingsB16.24 Cast Copper Alloy Pipe Flanges and Flanged Fittings — Class 150, 300, 400, 600, 900, 1500, and 2500B16.25 Butt Welding EndsB16.26 Cast Copper Alloy Fittings for Flared Copper TubesB16.34 Valves — Flanged, Threaded, and Welding EndB16.36 Orifice FlangesB16.42 Ductile Iron Pipe Flanges and Flanged Fittings — Classes 150 and 300B16.47 Large Diameter Steel FlangesB16.48 Steel Line BlanksB16.50 Wrought Copper and Copper Alloy Braze-Joint Pressure FittingsB18.2.1 Square and Hex Bolts and Screws — Inch SeriesB18.2.2 Square and Hex Nuts (Inch Series)B18.2.3.5M Metric Hex BoltsB18.2.3.6M Metric Heavy Hex BoltsB18.2.4.6M Hex Nuts, Heavy, MetricB18.21.1 Lock Washers (Inch Series)B18.22M Washers, Metric PlainB18.22.1 [Note (1)] Plain Washers
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Table 126.1-1 Specifications and Standards (Cont’d)

Designator Title
ASME Codes and Standards (Cont’d)B18.31.1M Metric Continuous and Double-End StudsB18.31.2 Continuous Thread Stud, Double-End Stud, and Flange Bolting Stud (Stud Bolt) (Inch Series)B31.3 Process PipingB31.4 Pipeline Transportation Systems for Liquid Hydrocarbons and Other LiquidsB31.8 Gas Transmission and Distribution Piping SystemsB31E Standard for the Seismic Design and Retrofit of Above-Ground Piping SystemsB31J Stress Intensification Factors (i-Factors), Flexibility Factors (k-Factors), and Their Determination for Metallic PipingComponentsB31P Standard Heat Treatments for Fabrication ProcessesB31T Standard Toughness Requirements for PipingB36.10M Welded and Seamless Wrought Steel PipeB36.19M Stainless Steel PipeBPVC Boiler and Pressure Vessel CodeTDP-1 Recommended Practices for the Prevention of Water Damage to Steam Turbines Used for Electric Power Generation —Fossil Fueled Plants
ASTM Ferrous Material Specifications

Bolts, Nuts, and StudsA193/A193M Alloy-Steel and Stainless Steel Bolting Materials for High-Temperature ServiceA194/A194M Carbon and Alloy Steel Nuts for Bolts for High-Pressure and High-Temperature ServiceA307 Carbon Steel Bolts and Studs, 60,000 psi Tensile StrengthA320/A320M Alloy-Steel Bolting Materials for Low-Temperature ServiceA354 Quenched and Tempered Alloy Steel Bolts, Studs and Other Externally-Threaded FastenersA437/A437M Stainless and Alloy-Steel Turbine-Type Bolting Material Specially Heat Treated for High Temperature ServiceA449 Hex Cap Screws, Bolts, and Studs, Steel, Heat TreatedA453/A453M High-Temperature Bolting Materials, With Expansion Coefficients Comparable to Austenitic Steels
CastingsA47/A47M Ferritic Malleable Iron CastingsA48/A48M Gray Iron CastingsA126 Gray Iron Castings for Valves, Flanges, and Pipe FittingsA197/A197M Cupola Malleable IronA216/A216M Steel Castings, Carbon Suitable for Fusion Welding for High Temperature ServiceA217/A217M Steel Castings, Martensitic Stainless and Alloy, for Pressure-Containing Parts Suitable for High-Temperature ServiceA278/A278M Gray Iron Castings for Pressure-Containing Parts for Temperatures Up to 650°F (350°C)A351/A351M Steel Castings, Austenitic, for High-Temperature ServiceA389/A389M Steel Castings, Alloy, Specially Heat-Treated for Pressure-Containing Parts Suitable for High-Temperature ServiceA395/A395M Ferritic Ductile Iron Pressure-Retaining Castings for Use at Elevated TemperaturesA536 Ductile Iron CastingsA1091/A1091M Steel Castings, Creep-Strength Enhanced Ferritic Alloy, for Pressure-Containing Parts, Suitable for High TemperatureService
ForgingsA105/A105M Carbon Steel Forgings for Piping ApplicationsA181/A181M Carbon Steel Forgings for General Purpose PipingA182/A182M ForgedorRolledAlloyandStainlessSteelPipeFlanges, ForgedFittings, andValvesandParts forHigh-TemperatureServiceA336/A336M Alloy Steel Forgings for Pressure and High-Temperature PartsA350/A350M Carbon and Low-Alloy Steel Forgings Requiring Notch Toughness Testing for PipingA965/A965M Steel Forgings, Austenitic, for Pressure and High Temperature Parts
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Table 126.1-1 ð20ÞSpecifications and Standards (Cont’d)

Designator Title
ASTM Ferrous Material Specifications (Cont’d)

Cast PipeA377 Standard Index of Specifications for Ductile Iron Pressure PipeA426/A426M Centrifugally Cast Ferritic Alloy Steel Pipe for High-Temperature ServiceA451/A451M Centrifugally Cast Austenitic Steel Pipe for High-Temperature Service
Seamless Pipe and TubeA106/A106M Seamless Carbon Steel Pipe for High-Temperature ServiceA179/A179M Seamless Cold-Drawn Low-Carbon Steel Heat-Exchanger and Condenser TubesA192/A192M Seamless Carbon Steel Boiler Tubes for High-Pressure ServiceA210/A210M Seamless Medium-Carbon Steel Boiler and Superheater TubesA213/A213M Seamless Ferritic and Austenitic Alloy-Steel Boiler, Superheater, and Heat-Exchanger TubesA335/A335M Seamless Ferritic Alloy Steel Pipe for High-Temperature ServiceA369/A369M Carbon and Ferritic Alloy Steel Forged and Bored Pipe for High-Temperature ServiceA376/A376M Seamless Austenitic Steel Pipe for High-Temperature Central-Station Service
Seamless and Welded Pipe and TubeA53/A53M Pipe, Steel, Black and Hot-Dipped, Zinc-Coated Welded and SeamlessA268/A268M Seamless and Welded Ferritic and Martensitic Stainless Steel Tubing for General ServiceA312/A312M Seamless and Welded and Heavily Cold Worked Austenitic Stainless Steel PipeA333/A333M Seamless and Welded Steel Pipe for Low-Temperature ServiceA450/A450M General Requirements for Carbon and Low Alloy Steel TubesA530/A530M General Requirements for Specialized Carbon and Alloy Steel PipeA714 High-Strength Low-Alloy Welded and Seamless Steel PipeA789/A789M Standard Specification for Seamless and Welded Ferritic/Austenitic Stainless Steel Tubing for General ServiceA790/A790M Standard Specification for Seamless and Welded Ferritic/Austenitic Stainless Steel Pipe
Welded Pipe and TubeA134 Pipe, Steel, Electric-Fusion (Arc)-Welded (Sizes NPS 16 and Over)A135/A135M Electric-Resistance-Welded Steel PipeA139/A139M Electric-Fusion (Arc)-Welded Steel Pipe (NPS 4 and Over)A178/A178M Electric-Resistance-Welded Carbon and Carbon-Manganese Steel Boiler and Superheater TubesA214/A214M Electric-Resistance-Welded Carbon Steel Heat-Exchanger and Condenser TubesA249/A249M Welded Austenitic Steel Boiler, Superheater, Heat-Exchanger, and Condenser TubesA254 Copper Brazed Steel TubingA358/A358M Electric-Fusion-Welded Austenitic Chromium-Nickel Stainless Steel Pipe for High-Temperature ServiceA409/A409M Welded Large Diameter Austenitic Steel Pipe for Corrosive or High-Temperature ServiceA587 Electric-Resistance-Welded Low-Carbon Steel Pipe for the Chemical IndustryA671 Electric-Fusion-Welded Steel Pipe for Atmospheric and Lower TemperaturesA672 Electric-Fusion-Welded Steel Pipe for High-Pressure Service at Moderate TemperaturesA691 Carbon and Alloy Steel Pipe, Electric-Fusion-Welded for High-Pressure Service at High TemperaturesA928/A928M Ferritic/Austenitic (Duplex) Stainless Steel Pipe Electric Fusion Welded with Addition of Filler Metal
FittingsA234/A234M Piping Fittings of Wrought Carbon Steel and Alloy Steel for Moderate and High Temperature ServiceA403/A403M Wrought Austenitic Stainless Steel Piping FittingsA420/A420M Piping Fittings of Wrought Carbon Steel and Alloy Steel for Low-Temperature ServiceA815/A815M Wrought Ferritic, Ferritic/Austenitic, and Martensitic Stainless Steel Piping Fittings
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Table 126.1-1ð20Þ Specifications and Standards (Cont’d)

Designator Title
ASTM Ferrous Material Specifications (Cont’d)

Plate, Sheet, and StripA240/A240M Chromium and Chromium-Nickel Stainless Steel Plate, Sheet, and Strip for Pressure Vessels and General ApplicationsA283/A283M Low and Intermediate Tensile Strength Carbon Steel PlatesA285/A285M Pressure Vessel Plates, Carbon Steel, Low- and Intermediate-Tensile StrengthA299/A299M Pressure Vessel Plates, Carbon Steel, Manganese-SiliconA387/A387M Pressure Vessel Plates, Alloy Steel, Chromium-MolybdenumA515/A515M Pressure Vessel Plates, Carbon Steel for Intermediate- and Higher-Temperature ServiceA516/A516M Pressure Vessel Plates, Carbon Steel, for Moderate- and Lower-Temperature Service
Rods, Bars, and ShapesA276/A276M Stainless Steel Bars and ShapesA322 Steel Bars, Alloy, Standard GradesA479/A479M Stainless Steel Bars and Shapes for Use in Boilers and Other Pressure VesselsA564/A564M Hot-Rolled and Cold-Finished Age-Hardening Stainless Steel Bars and ShapesA575 Steel Bars, Carbon, Merchant Quality, M-GradesA576 Steel Bars, Carbon, Hot-Wrought, Special Quality
Structural ComponentsA36/A36M Structural SteelA125 Steel Springs, Helical, Heat TreatedA229/A229M Steel Wire, Oil-Tempered for Mechanical SpringsA242/A242M High-Strength Low Alloy Structural SteelA992/A992M Structural Steel Shapes

ASTM Nonferrous Material Specifications
CastingsB26/B26M Aluminum-Alloy Sand CastingsB61 Steam or Valve Bronze CastingsB62 Composition Bronze or Ounce Metal CastingsB108 Aluminum-Alloy Permanent Mold CastingsB148 Aluminum-Bronze Sand CastingsB367 Titanium and Titanium Alloy CastingsB584 Copper Alloy Sand Castings for General Applications
ComponentsF1476 [Note (2)] Performance of Gasketed Mechanical Couplings for Use in Piping ApplicationsF1548 Performance of Fittings for Use With Gasketed Mechanical Couplings Used in Piping Applications
ForgingsB247, B247M Aluminum and Aluminum-Alloy Die, Hand, and Rolled Ring ForgingsB283 Copper and Copper-Alloy Die Forgings (Hot Pressed)B381 Titanium and Titanium Alloy ForgingsB462 Forged orRolledUNSN06030, N06022,N06035, N06200, N06059,N10362, N06686,N08020, N08024, N08026,N08367,N10276, N10665, N10675, N10629, N08031, and N06045 Pipe Flanges, Forged Fittings, and Valves and Parts forCorrosive High-Temperature ServiceB564 Nickel Alloy Forgings
Seamless Pipe and TubeB42 Seamless Copper Pipe, Standard Sizes
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Table 126.1-1 ð20ÞSpecifications and Standards (Cont’d)

Designator Title
ASTM Nonferrous Material Specifications (Cont’d)B43 Seamless Red Brass Pipe, Standard SizesB68, B68M Seamless Copper Tube, Bright AnnealedB75 Seamless Copper TubeB88, B88M Seamless Copper Water TubeB111, B111M Copper and Copper-Alloy Seamless Condenser Tubes and Ferrule StockB161 Nickel Seamless Pipe and TubeB163 Seamless Nickel and Nickel-Alloy (UNS N06845) Condenser and Heat-Exchanger TubesB165 Nickel-Copper Alloy (UNS N04400) Seamless Pipe and TubeB167 Nickel-Chromium-Iron Alloys (UNS N06600, N06601, N06603, N06690, N06693, N06025, N06045, and N06696), Nickel-Chromium-Cobalt-Molybdenum Alloy (UNS N06617) and Nickel-Iron-Chromium-Tungsten Alloy (UNS N06674)Seamless Pipe and TubeB210, B210M Aluminum and Aluminum Alloy Drawn Seamless TubesB234, B234M Aluminum and Aluminum-Alloy Drawn Seamless Tubes for Condensers and Heat ExchangersB241/B241M Aluminum and Aluminum-Alloy Seamless Pipe and Seamless Extruded TubeB251, B251M General Requirements for Wrought Seamless Copper and Copper-Alloy TubeB280 Seamless Copper Tube for Air Conditioning and Refrigeration Field ServiceB302 Threadless Copper Pipe, Standard SizesB315 Seamless Copper Alloy Pipe and TubeB407 Nickel-Iron-Chromium Alloy Seamless Pipe and TubeB423 Nickel-Iron-Chromium-Molybdenum-Copper Alloy (UNS N08825, N08221, and N06845) Seamless Pipe and TubeB466/B466M Seamless Copper-Nickel Pipe and TubeB622 Seamless Nickel and Nickel-Cobalt Alloy Pipe and TubeB677 UNS N08925, UNS N08354, and UNS N08926 Seamless Pipe and TubeB690 Iron-Nickel-Chromium-Molybdenum Alloys (UNS N08366 and UNS N08367) Seamless Pipe and TubeB729 Seamless UNS N08020, UNS N08026, and UNS N08024 Nickel-Alloy Pipe and TubeB861 Titanium and Titanium Alloy Seamless Pipe

Seamless and Welded Pipe and TubeB338 Seamless and Welded Titanium and Titanium Alloy Tubes for Condensers and Heat ExchangersB444 Nickel-Chromium-Molybdenum-ColumbiumAlloy (UNS N06625 and UNS N06852) and Nickel-Chromium-Molybdenum-Silicon Alloy (UNS N06219) Pipe and Tube
Welded Pipe and TubeB464 Welded (UNS N08020, N08024, and N08026) Alloy PipeB467 Welded Copper-Nickel PipeB468 Welded (UNS N08020, N08024, and N08026) Alloy TubesB546 Electric Fusion-WeldedNi-Cr-Co-MoAlloy (UNSN06617), Ni-Fe-Cr-Si Alloys (UNSN08330 andUNSN08332), Ni-Cr-Fe-AlAlloy (UNS N06603), Ni-Cr-Fe Alloy (UNS N06025), and Ni-Cr-Fe-Si Alloy (UNS N06045) PipeB547/B547M Aluminum and Aluminum-Alloy Formed and Arc-Welded Round TubeB608 Welded Copper-Alloy PipeB619 Welded Nickel and Nickel-Cobalt Alloy PipeB626 Welded Nickel and Nickel-Cobalt Alloy TubeB673 UNS N08925, UNS N08354, and UNS N08926 Welded PipeB674 UNS N08925, UNS N08354, and UNS N08926 Welded TubeB675 UNS N08367 Welded PipeB676 UNS N08367 Welded TubeB704 Welded UNS N06625, N06219, and N08825 Alloy TubesB705 Nickel-Alloy (UNS N06625, N06219, and N08825) Welded PipeB804 UNS N08367 and UNS N08926 Welded PipeB862 Titanium and Titanium Alloy Welded Pipe
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Table 126.1-1ð20Þ Specifications and Standards (Cont’d)

Designator Title
ASTM Nonferrous Material Specifications (Cont’d)

FittingsB361 Factory-Made Wrought Aluminum and Aluminum-Alloy Welding FittingsB366 Factory-Made Wrought Nickel and Nickel Alloy Fittings
Plate, Sheet, and StripB168 Nickel-Chromium-Iron Alloys (UNSN06600, N06601, N06603, N06690, N06693, N06025, N06045, and N06696), Nickel-Chromium-Cobalt-Molybdenum Alloy (UNS N06617), and Nickel-Iron-Chromium-Tungsten Alloy (UNS N06674) Plate,Sheet, and StripB171/B171M Copper-Alloy Plate and Sheet for Pressure Vessels, Condensers, and Heat ExchangersB209 Aluminum and Aluminum-Alloy Sheet and PlateB265 Titanium and Titanium-Alloy Strip, Sheet, and PlateB409 Nickel-Iron-Chromium Alloy Plate, Sheet, and StripB424 Ni-Fe-Cr-Mo-Cu Alloy (UNS N08825, UNS N08221, and UNS N06845) Plate, Sheet, and StripB435 UNS N06002, UNS N06230, UNS N12160, and UNS R30556 Plate, Sheet, and StripB443 Nickel-Chromium-Molybdenum-ColumbiumAlloy (UNSN06625) andNickel-Chromium-Molybdenum-Silicon Alloy (UNSN06219) Plate, Sheet, and StripB463 UNS N08020 Alloy Plate, Sheet, and StripB575 Low-Carbon Nickel-Chromium-Molybdenum, Low-Carbon Nickel-Chromium-Molybdenum-Copper, Low-Carbon Nickel-Chromium-Molybdenum-Tantalum, and Low-Carbon Nickel-Chromium-Molybdenum-Tungsten Alloy Plate, Sheet, andStripB625 UNS N08925, UNS N08031, UNS N08932, UNS N08926, UNS N08354, and UNS R20033 Plate, Sheet, and StripB688 Chromium-Nickel-Molybdenum-Iron (UNS N08366 and UNS N08367) Plate, Sheet, and Strip
Rods, Bars, and ShapesB150/B150M Aluminum Bronze Rod, Bar, and ShapesB151/B151M Copper-Nickel-Zinc Alloy (Nickel Silver) and Copper-Nickel Rod and BarB166 Nickel-Chromium-Iron Alloys (UNSN06600, N06601, N06603, N06690, N06693, N06025, N06045, and N06696), Nickel-Chromium-Cobalt-Molybdenum Alloy (UNS N06617), and Nickel-Iron-Chromium-Tungsten Alloy (UNS N06674) Rod,Bar, and WireB221 Aluminum and Aluminum Alloy Extruded Bars, Rods, Wire, Profiles, and TubesB348 Titanium and Titanium Alloy Bars and BilletsB408 Nickel-Iron-Chromium Alloy Rod and BarB425 Ni-Fe-Cr-Mo-Cu Alloy (UNS N08825, UNS N08221, and UNS N06845) Rod and BarB446 Nickel-Chromium-Molybdenum-Columbium Alloy (UNS N06625), Nickel-Chromium-Molybdenum-Silicon Alloy (UNSN06214), and Nickel-Chromium-Molybdenum-Tungsten Alloy (UNS N06650) Rod and BarB473 UNS N08020, UNS N08024, and UNS N08026 Nickel Alloy Bar and WireB572 UNS N06002, UNS N06230, UNS N12160, and UNS R30556 RodB574 Low-Carbon Nickel-Chromium-Molybdenum, Low-Carbon Nickel-Molybdenum-Chromium-Tantalum, Low-CarbonNickel-Chromium-Molybdenum-Copper, and Low-Carbon Nickel-Chromium-Molybdenum-Tungsten Alloy RodB649 Ni-Fe-Cr-Mo-Cu-N Low-Carbon Alloys (UNS N08925, UNS N08031, UNS N08354, and UNS N08926), Cr-Ni-Fe-N Low-Carbon Alloy (UNS R20033) Bar and Wire, and Ni-Cr-Fe-Mo-N Alloy (UNS N08936) WireB691 Iron-Nickel-Chromium-Molybdenum Alloys (UNS N08366 and UNS N08367) Rod, Bar, and Wire
SolderB32 Solder MetalB828 Standard Practice for Making Capillary Joints by Soldering of Copper and Copper Alloy Tube and Fittings

ASTM Standard Test MethodsD323 Standard Test Method for Vapor Pressure of Petroleum Products (Reid Method)
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Table 126.1-1 ð20ÞSpecifications and Standards (Cont’d)

Designator Title
ASTM Standard Test Methods (Cont’d)E94 Standard Guide for Radiographic ExaminationE125 Standard Reference Photographs for Magnetic Particle Indications on Ferrous CastingsE186 Standard Reference Radiographs for Heavy-Walled (2 to 41∕2-in. [51 to 114-mm]) Steel CastingsE280 Standard Reference Radiographs for Heavy-Walled (41∕2 to 12-in. [114 to 305-mm]) Steel CastingsE446 Standard Reference Radiographs for Steel Castings Up to 2 in. [51 mm] in Thickness

AWS SpecificationsA3.0 Standard Welding Terms and DefinitionsD10.10 Recommended Practices for Local Heating of Welds in Piping and TubingQC1 Standard for AWS Certification of Welding Inspectors
AWWA and ANSI/AWWA StandardsC110/A21.10 Ductile-Iron and Gray-Iron Fittings, 3 in. Through 48 in. (76 mm Through 1200 mm), for Water and Other LiquidsC111/A21.11 Rubber-Gasket Joints for Ductile-Iron Pressure Pipe and FittingsC115/A21.15 Flanged Ductile-Iron Pipe With Threaded FlangesC150/A21.50 Thickness Design of Ductile-Iron PipeC151/A21.51 Ductile-Iron Pipe, Centrifugally Cast, for WaterC153/A21.53 Ductile-IronCompactFittings, 3 in.Through24 in. (76mmThrough610mm)and54 in. Through64 in. (1,400mmThrough1,600 mm), for Water ServiceC200 Steel Water Pipe—6 in. (150 mm) and LargerC207 Steel Pipe Flanges for Waterworks Service—Sizes 4 in. Through 144 in. (100 mm Through 3,600 mm)C208 Dimensions for Fabricated Steel Water Pipe FittingsC300 Reinforced Concrete Pressure Pipe, Steel-Cylinder Type, for Water and Other Liquids (Includes Addendum C300a-93)C301 Prestressed Concrete Pressure Pipe, Steel-Cylinder Type, for Water and Other LiquidsC302 Reinforced Concrete Pressure Pipe, Noncylinder Type, for Water and Other LiquidsC304 Design of Prestressed Concrete Cylinder PipeC500 Metal-Seated Gate Valves for Water Supply ServiceC504 [Note (3)] Rubber Seated Butterfly ValvesC509 Resilient-Seated Gate Valves for Water Supply ServiceC600 Installation of Ductile-Iron Water Mains and Their AppurtenancesC606 Grooved and Shouldered Joints

Expansion Joint Manufacturers Association, Inc.… Standards of the Expansion Joint Manufacturers Association, Inc.
FCI Standard79-1-2009 Proof of Pressure Ratings for Pressure Regulators

MSS Standard PracticesSP-6 Standard Finishes for Contact Faces of Pipe Flanges and Connecting-End Flanges of Valves and FittingsSP-9 Spot-Facing for Bronze, Iron and Steel FlangesSP-25 Standard Marking System for Valves, Fittings, Flanges and UnionsSP-42 [Note (3)] Corrosion Resistant Gate, Globe, Angle and Check Valves With Flanged and Butt Weld Ends (Classes 150, 300 & 600)SP-43 Wrought and Fabricated Butt-Welding Fittings for Low Pressure, Corrosion Resistant ApplicationsSP-45 Bypass and Drain ConnectionsSP-51 Class 150 LW Corrosion Resistant Flanges and Cast Flanged FittingsSP-53 Quality Standard for Steel Castings and Forgings for Valves, Flanges, and Fittings and Other Piping Components —Magnetic Particle Examination Method
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Table 126.1-1ð20Þ Specifications and Standards (Cont’d)

Designator Title
MSS Standard Practices (Cont’d)SP-54 Quality Standard for Steel Castings for Valves, Flanges, and Fittings and Other Piping Components — RadiographicExamination MethodSP-55 Quality Standard for Steel Castings for Valves, Flanges, and Fittings and Other Piping Components — Visual Method forEvaluation of Surface IrregularitiesSP-58 Pipe Hangers and Supports — Materials, Design, Manufacture, Selection, Application, and InstallationSP-61 Pressure Testing of ValvesSP-67 [Note (3)] Butterfly ValvesSP-68 High Pressure Butterfly Valves with Offset DesignSP-75 High-Strength, Wrought, Butt-Welding FittingsSP-79 Socket Welding Reducer InsertsSP-80 Bronze Gate, Globe, Angle and Check ValvesSP-83 Class 3000 and 6000 Pipe Unions, Socket Welding and Threaded (Carbon Steel, Alloy Steel, Stainless Steels, and NickelAlloys)SP-88 Diaphragm ValvesSP-93 Quality Standard for Steel Castings and Forgings for Valves, Flanges, and Fittings and Other Piping Components— LiquidPenetrant Examination MethodSP-94 Quality Standard for Ferritic andMartensitic Steel Castings for Valves, Flanges, and Fittings andOther Piping Components— Ultrasonic Examination MethodSP-95 Swage(d) Nipples and Bull PlugsSP-97 Integrally Reinforced Forged Branch Outlet Fittings — Socket Welding, Threaded and Buttwelding EndsSP-105 Instrument Valves for Code ApplicationsSP-106 Cast Copper Alloy Flanges and Flanged Fittings: Class 125, 150, and 300

National Fire CodesNFPA 85 Boiler and Combustion Systems Hazards CodeNFPA 1963 Standard for Fire Hose Connections
PFI StandardsES-16 Access Holes and Plugs for Radiographic Inspection of Pipe WeldsES-24 Pipe Bending Methods, Tolerances, Process and Material RequirementsGENERAL NOTES:(a) For boiler external piping application, see para. 123.2.2.(b) For all other piping,materials conforming to anASMESAorASMESB specificationmay be used interchangeablywithmaterial specified to anASTM A or ASTM B specification of the same number listed in this Table.(c) The approved year of issue of the specifications and standards is not given in this Table. This information is given inMandatoryAppendix F ofthis Code.(d) The addresses and phone numbers of organizations whose specifications and standards are listed in this Table are given at the end ofMandatory Appendix F.NOTES:(1) ANSI B18.22.1 is nonmetric.(2) This standard requires testing of couplings with bending moments applied that are equivalent to support spacings shorter than thoserecommended in para. 121.5. Couplings should be tested with bending moments applied that correspond to support spacings equalto or greater than those to be used in the piping installation.(3) See para. 107.1(d) for valve stem retention requirements.
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Chapter V
Fabrication, Assembly, and Erection

127 WELDING

127.1 GeneralPiping systems shall be constructed in accordance withthe requirements of this Chapter and of materials thathave been manufactured in accordance with the require-ments of Chapter IV. These requirements apply to all fabri-cation, assembly, and erection operations, whetherperformed inashoporat a constructionsite.The followingapplies essentially to thewelding of ferrousmaterials. Thewelding of aluminum, copper, etc., requires differentpreparations and procedures.
127.1.1 The welding processes that are to be usedunder this part of this Code shall meet all the test require-ments of ASME BPVC, Section IX.

127.2 Material

127.2.1 Electrodes and Filler Metal. Welding elec-trodes and filler metal, including consumable inserts,shall conform to the requirements of ASME BPVC,Section II, Part C. An electrode or filler metal notconforming to the above may be used provided theWPS and the welders and welding operators who willfollow the WPS have been qualified as required byASME BPVC, Section IX. Unless otherwise specified bythe designer, welding electrodes and filler metals usedshall produceweldmetal that complieswith the following:
(a) Thenominal tensile strength of theweldmetal shallequal or exceed theminimum specified tensile strength ofthe base metals being joined.
(b) If basemetals of different tensile strengths are to bejoined, the nominal tensile strength of theweldmetal shallequal or exceed theminimum specified tensile strength ofthe weaker of the two.
(c) The nominal chemical analysis of the weld metalshall be similar to the nominal chemical analysis of thebase metal, including consideration of both major andessential minor alloying elements [e.g., 21∕4% Cr, 1%Mo steels should be joined using 21 ∕4% Cr, 1% Mofiller metals; see also para. 124.2(d)].
(d) If base metals of different chemical analysis arebeing joined, the nominal chemical analysis of the weldmetal shall be similar to either base metal or an inter-mediate composition, except as specified in (e) for aus-tenitic steels joined to ferritic steels.

(e) When austenitic steels are joined to ferritic steels,the weld metal shall have an austenitic structure.
(f) For nonferrous metals, the weld metal shall be thatrecommended by the manufacturer of the nonferrousmetal or by industry associations for that metal.
(g) Filler metals not meeting the requirements of (a)through (f) may be accepted by agreement between thefabricator/erector and the designer. Examples of condi-tionswhere thismayapply include (butmaynotbe limitedto) where unusual materials or combinations of materialsare used, where highly corrosive environments mayrequire a more electrochemically noble weld metal,where dissimilar materials are welded, or where it isdesired to achieve a weld with different mechanical prop-erties from the base material.
127.2.2 Backing Rings.Backing rings, whenused, shallconform to the following requirements:
(a) Ferrous Rings. Ferrous metal backing rings thatbecome a permanent part of the weld shall be madefrom material of weldable quality, compatible with thebase material and the sulfur content shall not exceed0.05%.
(1) Backing ringsmaybeof the continuousmachinedor split band type.
(2) If two abutting surfaces are to be welded to athird member used as a backing ring and one or twoof the three members are ferritic and the othermember or members are austenitic, the satisfactoryuseof suchmaterials shall bedeterminedby theWPSqual-ified as required in para. 127.5.
(3) Backing strips used at longitudinal welded jointsshall be removed.

(b) Nonferrous and Nonmetallic Rings. Backing rings ofnonferrous or nonmetallic materials may be used forbacking provided they are included in a WPS as requiredin para. 127.5. Nonmetallic or nonfusing rings shall beremoved.
127.2.3 Consumable Inserts. Consumable inserts maybe used provided they aremade frommaterial compatiblewith the chemical and physical properties of the basematerial. Qualification of the WPS shall be as requiredby para. 127.5.
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127.3ð20Þ Preparation for Welding

(a) End Preparation
(1) Oxygen or arc cutting is acceptable only if the cutis reasonably smooth and true, and all slag is cleaned fromthe flame cut surfaces. Discoloration that may remain onthe flame cut surface is not considered to be detrimentaloxidation.
(2) Butt-welding end preparation dimensionscontained in ASME B16.25 or dimensions of any otherend preparation that meets the WPS are acceptable.
(3) If piping component ends are bored, such boringshall not result in finished wall thickness, after welding,less than the minimum design thickness. Where neces-sary,weldmetal of the appropriate analysismaybedepos-ited on the inside or outside of the piping component toprovide sufficient material for machining to ensure satis-factory fitting of rings.
(4) If the piping component ends are upset, theymaybe bored to allow for a completely recessed backing ring,provided the remaining net thickness of the finished endsis not less than the minimum design thickness.

(b) Cleaning. Surfaces for welding shall be clean andshall be free from paint, oil, rust, scale, or other materialthat is detrimental to welding.
(c) Alignment. The inside diameters of piping compo-nents to be butt welded shall be aligned as accurately as ispracticable within existing commercial tolerances ondiameters, wall thicknesses, and out-of-roundness. Align-ment shall be preserved during welding. The internalmisalignment of the ends to be joined shall not exceed1∕16 in. (1.5 mm) unless the piping design specificallystates a different allowable misalignment.When the internal misalignment exceeds the allowable,it is preferred that the componentwith thewall extendinginternally be internally trimmed per Figure 127.3-1.

However, trimming shall result in a piping componentthickness not less than the minimum design thickness,and the change in contour shall not exceed 30 deg (seeFigure 127.3-1).
(d) Spacing. The root opening of the joint shall be asgiven in the WPS.
(e) Socket Weld Assembly. In assembly of the jointbefore welding, the pipe or tube shall be inserted intothe socket to the maximum depth and then withdrawnapproximately 1 ∕16 in. (1.5 mm) away from contactbetween the end of the pipe and the shoulder of thesocket (see Figures 127.4.4-2 and 127.4.4-3). In sleeve-type joints without internal shoulder, there shall be adistance of approximately 1∕16 in. (1.5 mm) betweenthe butting ends of the pipe or tube. The gap need notbe present or verified after welding.The fit between the socket and the pipe shall conform toapplicable standards for socketweld fittingsand innocaseshall the inside diameter of the socket or sleeve exceed theoutsidediameter of thepipeor tubebymore than0.080 in.(2.0 mm).

127.4 Procedure

127.4.1 ð20ÞGeneral

(a) Qualification of the WPS to be used, and of theperformance of welders and operators, is required andshall comply with the requirements of para. 127.5.
(b) Nowelding shall be done if there is impingement ofrain, snow, sleet, or high wind on the weld area.
(c) Tackweldspermitted to remain in the finishedweldshall be made by a qualified welder. Tack welds made byan unqualified welder shall be removed. Tack welds thatremainshall bemadewithanelectrodeandWPS that is thesame as or equivalent to the electrode andWPS to be usedfor the first pass. The stopping and starting ends shall beprepared by grinding or other means so that they can besatisfactorily incorporated into the final weld. Tack weldsthat have cracked shall be removed.
(d) Arc strikes outside the area of the intended weldshould be avoided on any base metal. Arc strikes madeoutside of the weld joint area shall be removed andthe surface visually examined. The surface shall also beexamined by the liquid penetrant or magnetic particlemethod when the material is P-No. 4, P-No. 5A, P-No.5B, or P-No. 15E.
127.4.2 ð20ÞGirth Butt Welds

(a) Girth butt welds shall be complete penetrationwelds and shall be made with a single vee, double vee,or other suitable type of groove, with or withoutbacking rings or consumable inserts. The depth of theweld measured between the inside surface of the weldpreparation and the outside surface of the pipe shallnot be less than the minimum thickness required byChapter II for the particular size and wall of pipe used.

Figure 127.3-1ð20Þ Butt Welding of Piping Components
With Internal Misalignment
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(b) To avoid abrupt transitions in the contour of thefinished weld, the requirements of (1) through (4)shall be met.
(1) When components with different outsidediameters or wall thicknesses are welded together, thewelding end of the component with the larger outsidediameter shall fall within the envelope defined by solidlines in Figure 127.4.2-1. The weld shall form agradual transition not exceeding a slope of 30 degfrom the smaller to the larger diameter component.This condition may be met by adding welding filler mate-rial, if necessary, beyond what would otherwise be theedge of the weld.
(2) Whenboth components to bewelded (other thanpipe topipe) have a transition froma thicker section to theweld end preparation, the included angle between thesurface of theweld and the surface of either of the compo-nents shall notbe less than150deg.Refer topara. 119.3(b)for additional concerns related to this design.
(3) When welding pipe to pipe, the surface of theweld shall, as a minimum, be flush with the outersurface of the pipe, except as permitted in (4).
(4) For welds made without the addition of fillermetal, concavity shall be limited to 1∕32 in. (0.8 mm)below the outside surface of the pipe, but shall notencroach upon the minimum required thickness.

(c) As-welded surfaces are permitted; however, thesurface of welds shall be sufficiently free from coarseripples, grooves, overlaps, abrupt ridges, and valleys tomeet the following:
(1) The surface condition of the finished welds shallbe suitable for the proper interpretation of radiographicand other nondestructive examinations when nondes-tructive examinations are required by Table 136.4.1-1.In those cases where there is a question regarding thesurface condition on the interpretation of a radiographicfilm, the film shall be compared to the actual weld surfacefor interpretation and determination of acceptability.
(2) Reinforcements are permitted in accordancewith Table 127.4.2-1.
(3) Undercut on the surface of girth butt welds shallnot exceed 1∕32 in. (0.8 mm) and shall not encroach on theminimum required section thickness.
(4) If the surface of the weld requires grinding tomeet the above criteria, care shall be taken to avoid re-ducing the weld or base material below the minimumrequired thickness.
(5) Concavity on the root side of a single weldedcircumferential butt weld is permittedwhen the resultingthicknessof theweld is at least equal to the thicknessof thethinner member of the two sections being joined and thecontour of the concavity is smooth without sharp edges.The internal condition of the root surface of a girth weld,which has been examined by radiography, is acceptableonlywhen there is a gradual change in the density, as indi-cated in the radiograph. If a girthweld is not designated to

be examined by radiography, a visual examinationmay beperformed at welds that are readily accessible.
127.4.3 Longitudinal Butt Welds. Longitudinal buttwelds not covered by the applicable material specifica-tions listed in Table 126.1-1 shall meet the requirementsfor girth butt welds in para. 127.4.2, except that undercuton the surface of longitudinal butt welds, fabricated inaccordance with the requirements of this Code, is notpermitted. For longitudinal welds and spiral welds inpipe intended for sustained operation in the creeprange (see paras. 104.1.1 and 123.4 and Table102.4.7-1), any welding using the SAW process shalluse a flux with a basicity index ≥ 1.0.
127.4.4 ð20ÞFillet Welds. In making fillet welds, the weldmetal shall be deposited in such a way as to secureadequate penetration into the base metal at the root ofthe weld.
(a) Fillet welds may vary from convex to concave. Thesize of a fil let weld is determined as shown inFigure 127.4.4-1
(b) A fillet weld, in any single continuous weld, may beless than the specified fillet weld dimension by not morethan 1∕16 in. (1.5 mm), provided that the total undersizedportionof thewelddoesnot exceed10%of the total lengthof the weld or 2 in. (50 mm), whichever is less.
(c) Typical minimum fillet weld details for slip-onflanges and socket-welding components are shown inFigures 127.4.4-2 and 127.4.4-3.
127.4.5 Seal Welds. Where seal welding of threadedjoints is performed, threads shall be entirely coveredby the seal weld. Seal welding shall be done by qualifiedwelders.
127.4.8 ð20ÞWelded Branch Connections

(a) Welded branch connections shall be made with fullpenetration welds, except as allowed in (f). Figures127.4.8-1 through 127.4.8-3 show typical details ofbranch connections with and without added reinforce-ment. No attempt has been made to show all acceptabletypes of construction and the fact that a certain type ofconstruction is illustrated does not indicate that it is rec-ommended over other types not illustrated.
(b) Figure 127.4.8-4 shows basic types of weld attach-ments used in the fabrication of branch connections. Thelocation and minimum size of these attachment weldsshall conform to the requirements of para. 127.4.8.Welds shall be calculated in accordance with para.104.3.1 but shall not be less than the sizes shown inFigure 127.4.8-4.
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Figure 127.4.2-1 Welding End Transition — Maximum Envelope

GENERAL NOTES:(a) The value of tm is whichever of the following is applicable:
(1) as defined in para. 104.1.2(a)
(2) the minimum ordered wall thickness of the cylindrical welding end of a component or fitting (or the thinner of the two) when the joint isbetween two components(b) The maximum envelope is defined by solid lines.NOTES:(1) Weld is shown for illustration only.(2) The weld transition and weld reinforcement shall comply with paras. 127.4.2(b) and 127.4.2(c)(2) and may be outside the maximumenvelope.(3) The maximum thickness at the end of the component is
(a) the greater of [tm + 0.16 in. (4 mm)] or 1.15tm when ordered on a minimum wall basis
(b) the greater of [tm + 0.16 in. (4 mm)] or 1.10tn when ordered on a nominal wall basis
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The notations and symbols used in this paragraph andFigures 127.4.8-4 and 127.4.8-5 are as follows:
tc = the smaller of 1∕4 in. (6 mm) or 0.7tnb

tmin = the smaller of tnb or tnr
tnb = nominal thickness of branch wall, in. (mm)
tnh = nominal thickness of header wall, in. (mm)
tnr = nominal thickness of reinforcing element (ringor saddle), in. (mm)

(c) Figure 127.4.8-6 shows branch connections madeby welding half couplings or adapters directly to the runpipe.Figure127.4.8-5 showsbranchconnectionsusing speci-fically reinforced branch outlet fittings welded directly tothe run pipe. These branch connection fittings, halfcouplings, or adapters, which abut the outside surfaceof the run wall or are inserted through an opening cutin the run wall, shall have opening and branch contourto provide a good fit and shall be attached by meansof full penetration groove welds except as otherwisepermitted in (f).The full penetration groovewelds shall be finishedwithcover fillet welds andmeet the requirements of para. 104.The cover fillet welds shall have aminimum throat dimen-sion not less than that shown in Figure 127.4.8-5 or Figure127.4.8-6, as applicable.
(d) In branch connections having reinforcement padsor saddles, the reinforcement shall be attachedbywelds atthe outer edge and at the branch periphery as follows:
(1) If theweld joining theaddedreinforcement to thebranch is a full penetrationgrooveweld, it shall be finishedwith a cover fillet weld having a minimum throat dimen-

sion not less than tc; theweld at the outer edge, joining theadded reinforcement to the run, shall be a filletweldwith aminimum throat dimension of 0.5tnr.
(2) If theweld joining theaddedreinforcement to thebranch is a fillet weld, the throat dimension shall not beless than 0.7tmin. The weld at the outer edge joining theouter reinforcement to the run shall also be a fillet weldwith a minimum throat dimension of 0.5tnr.

(e) When rings or saddles are used, a vent hole shall beprovided (at the side and not at the crotch) in the ring orsaddle to reveal leakage in the weld between the branchand main run and to provide venting during welding andheat treating operations. Rings or saddlesmay bemade inmore than one piece if the joints between the pieces havestrength equivalent to the ring or saddle parentmetal andif each piece has a vent hole. A good fit shall be providedbetween reinforcing rings or saddles and the parts towhich they are attached.
(f) Branch connections NPS 2 (DN 50) and smaller thatdo not require reinforcements (see para. 104.3) may beconstructed as shown in Figure 127.4.8-7. The groovewelds shall be finished with cover fillet welds with aminimum throat dimension not less than that shownin Figure 127.4.8-7. This construction shall not be usedat design temperatures greater than 750°F (400°C) norat design pressures greater than 1,025 psi (7075 kPa).
127.4.9 ð20ÞAttachment Welds

(a) Structural attachments may be made by completepenetration, partial penetration, or fillet welds.

Table 127.4.2-1 ð20ÞReinforcement of Girth and Longitudinal Butt Welds

Thickness of Base Metal,
in. (mm)

Maximum Thickness of Reinforcement for Design Temperature
>750°F (400°C) ≤750°F (400°C)

in. mm in. mmUp to 1∕8 (3), incl. 1∕16 1.5 3∕32 2.5Over 1∕8 to 3∕16 (3 to 5), incl. 1∕16 1.5 1∕8 3Over 3∕16 to 1∕2 (5 to 13), incl. 1∕16 1.5 5∕32 4Over 1∕2 to 1 (13 to 25), incl. 3∕32 2.5 3∕16 5Over 1 to 2 (25 to 50), incl. 1∕8 3 1∕4 6Over 2 (50) 5∕32 4 See Note (1) See Note (2)GENERAL NOTES:(a) For double-sided groovewelds, the limitation on reinforcement given above shall apply separately to both inside and outside surfaces of thejoint.(b) For single-sided grooveweldswith backing strips or bars that remain in place, the limitation on reinforcement given above shall apply to theoutside surface. For single-sided grooveweldswithout backing strips orbars that remain inplace, the limits shall apply to theoutside surface;they also apply to the inside surface when the inside surface is readily accessible.(c) The thickness of weld reinforcement shall be based on the thickness of the thinner of the materials being joined.(d) The weld reinforcement thicknesses shall be determined from the higher of the abutting surfaces involved.(e) Weld reinforcement may be removed if so desired.NOTES:(1) The greater of 1∕4 in. or 1∕8 times the width of the weld in inches.(2) The greater of 6 mm or 1∕8 times the width of the weld in millimeters.
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(b) Low-energy capacitor discharge welding may beused forwelding temporaryattachments (e.g., thermocou-ples) and permanent nonstructural attachments withoutpreheat above 50°F (10°C) or subsequent postweld heattreatment on P-No. 1 through P-No. 5B and P-No. 15Ematerials, provided that the following requirementsare met:
(1) A Welding Procedure Specification is prepared,describing the low-energycapacitordischargeequipment,the combination of materials to be joined, and the tech-nique of application; qualification of the welding proce-dure is not required.
(2) The energy output of the welding process islimited to 125 J.
(3) For P-No. 5A, P-No. 5B, and P-No. 15E materials,the maximum carbon content of the material is 0.15%.

(4) Permanent thermocouple or strain gage attach-ments or the surface from which temporary attachmentsare removed shall require visual examination but areexempt from further examination in accordance withpara. 136.4, whether or not the location was subjectedto postweld heat treatment.
127.4.10 ð20ÞHeat Treatment. Preheat and postweld heattreatment for welds shall be in accordance with para. 131or para. 132 as applicable except as exempted in para.127.4.9. Alternatively, the rules in ASME B31P may beused in entirety.
127.4.11 Repair Welding

(a) Defect Removal. All defects in welds or base mate-rials requiring repair shall be removed by flame or arcgouging, grinding, chipping, or machining. Preheating

Figure 127.4.4-1 Fillet Weld Size

GENERAL NOTES:(a) The “size” of an equal leg fillet weld shall be described by the leg length of the largest inscribed isosceles triangle.(b) The “size” of an unequal leg fillet weld shall be described using both leg lengths and their location on the members to be joined.(c) Angle θ, as noted in the above illustrations, may vary from the 90 deg angle as shown based on the angle between the surfaces to be welded.(d) For an equal leg fillet weldwhere the angle q between themembers being joined is 90 deg, the theoretical throat shall be 0.7 × leg length. Forother fillet welds, the theoretical throat shall be based on the leg lengths and the angle q between the members to be joined.(e) For all filletwelds, particularly unequal leg filletweldswith angle θ less than 90 deg, the theoretical throat shall lie within the cross section ofthe deposited weld metal and shall not be less than the minimum distance through the weld.
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may be required for flame or arc gouging on certain alloymaterials of the air-hardening type to prevent surfacechecking or cracking adjacent to the flame or arcgouged surface. When a defect is removed but weldingrepair is unnecessary, the surface shall be contouredto eliminate any sharp notches or corners. The contouredsurface shall be reinspected by the samemeans originallyused for locating the defect.
(b) Repair Welds. Repair welds shall be made in accor-dance with a WPS using qualified welders or weldingoperators (see para. 127.5), recognizing that the cavity

Figure 127.4.4-2 ð20ÞWelding Details for Slip-On and Socket-Welding Flanges;
Some Acceptable Types of Flange Attachment Welds

Legend:
tn = nominal pipe wall thickness

xmin = 1.4tn or thickness of the hub, whichever is smaller
NOTES:(1) Refer to para. 122.1.1(f) for limitations of use.(2) Refer to para. 104.5.1 for limitations of use.(3) Refer to para. 122.1.1(h) for limitations of use.
Figure 127.4.4-3ð20Þ Minimum Welding Dimensions Required
for Socket Welding Components Other Than Flanges

Figure 127.4.8-1 Typical Welded Branch Connection
Without Additional Reinforcement

Figure 127.4.8-2 Typical Welded Branch Connection
With Additional Reinforcement

Vent hole
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to be repair welded may differ in contour and dimensionfromanormal joint preparationandmaypresentdifferentrestraint conditions. The types, extent, and methods ofexamination shall be in accordance with Table136.4.1-1. For repairs towelds, theminimumexaminationshall be the same method that revealed the defect in theoriginal weld. For repairs to base material, the minimumexamination shall be the same as required for butt welds.
127.5 Qualification

127.5.1 General. Qualification of the WPS to be used,and of the performance ofwelders andwelding operators,is required and shall comply with the requirements ofASME BPVC, Section IX, except as modified herein.Certainmaterials listed inMandatoryAppendixAdonotappear in ASME BPVC, Section IX P-Number groups.Where these materials have been assigned P-Numbersin Mandatory Appendix A, they may be welded underthis Code for nonboiler external piping onlywithout sepa-rate qualification as if they were listed in ASME BPVC,Section IX.
127.5.2 Welding Responsibility. Each employer (seepara. 100.2) shall be responsible for the weldingperformed by his/her organization and the performanceof welders or welding operators employed by that organ-ization.
127.5.3 Qualification Responsibility

(a) Procedures. Each employer shall be responsible forqualifying any WPS that he/she intends to have used bypersonnel of his/her organization. However, to avoidduplication of effort, and subject to approval of theowner, a WPS qualified by a technically competentgroup or agency may be used
(1) if the group or agency qualifying the WPS meetsall of the procedure qualification requirements of thisCode
(2) if the fabricator accepts the WPS thus qualified

(3) if the user of the WPS has qualified at least onewelder using the WPS
(4) if the user of the WPS assumes specific respon-sibility for the procedure qualificationworkdone for him/her by signing the records required by para. 127.6All of the conditions in (1) through (4) shall be metbefore a WPS thus qualified may be used.

(b) Welders and Welding Operators. Each employershall be responsible for qualifying all the welders andwelding operators employed by him/her.However, to avoid duplication of effort, he/she mayaccept a Welder/Welding Operator Performance Qualifi-cation (WPQ)madeby aprevious employer (subject to theapproval of the owner or his/her agent) on piping usingthe sameoranequivalentprocedurewherein theessentialvariables are within the limits established in ASME BPVC,Section IX. An employer accepting such qualification testsby a previous employer shall obtain a copy of the originalWPQ, showing the name of the employer by whom thewelders or welding operators were qualified, the datesof such qualification, and evidence that the welder orwelding operator has maintained qualification in accor-dancewith ASMEBPVC, Section IX, QW-322. The evidenceof process usage to maintain continuity may be obtainedfrom employers other than the original qualifyingemployer. The employer shall then prepare and signthe record required inpara. 127.6 accepting responsibilityfor the ability of the welder or welding operator.
127.5.4 Standard Welding Procedure Specifications.Standard Welding Procedure Specifications publishedby the American Welding Society and listed in ASMEBPVC, Section IX, Mandatory Appendix E are permittedfor Code construction within the limitations establishedby ASME BPVC, Section IX, Article V.

Figure 127.4.8-3 Typical Welded Angular Branch Connection Without Additional Reinforcement
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127.6 Welding RecordsThe employer shall maintain a record (WPS and/orWPQ) signed by him/her, and available to the purchaseror his/her agent and the inspector, of the WPSs used andthe welders and/or welding operators employed by him/her, showing the date and results of procedure andperfor-mance qualification.The WPQ shall also show the identification symbolassigned to the welder or welding operator employedby him/her, and the employer shall use this symbol toidentify the welding performed by the welder orwelding operator. Thismay be accomplished by the appli-cation of the symbol on the weld joint in a manner speci-fied by the employer. Alternatively, the employer shallmaintain records that identify welds made by thewelder or welding operator.
128 BRAZING AND SOLDERING

128.1 General

128.1.1 The brazing processes that are to be usedunder this part of the Code shall meet all the test require-ments of ASME BPVC, Section IX.
128.1.2 Soldering. Solderers shall follow the proce-dure in ASTM B828, Standard Practice for Making Capil-lary Joints by Soldering of Copper and Copper Alloy Tubeand Fittings.

128.2 Materials

128.2.1 Filler Metal. The brazing alloy or solder shallmelt and flow freely within the specified or desiredtemperature range and, in conjunction with a suitableflux or controlled atmosphere, shall wet and adhere tothe surfaces to be joined.
128.2.2 Flux.A flux that is fluid andchemically active atbrazing or soldering temperature shall be usedwhen nec-essary to eliminate oxidation of the filler metal and thesurfaces to be joined, and to promote free flow of thebrazing alloy or solder.

128.3 Preparation

128.3.1 Surface Preparation.The surfaces tobebrazedor soldered shall be clean and free from grease, oxides,paint, scale, dirt, or other material that is detrimentalto brazing. A suitable chemical or mechanical cleaningmethod shall be used if necessary to provide a cleanwettable surface.
128.3.2 Joint Clearance. The clearance betweensurfaces to be joined by brazing or soldering shall beno larger than is necessary to allow complete capillarydistribution of the brazing alloy or solder.

Figure 127.4.8-4 Some Acceptable Types
of Welded Branch Attachment Details Showing

Minimum Acceptable Welds

GENERAL NOTE: Weld dimensions may be larger than the minimumvalues shown here.
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Figure 127.4.8-5 Some Acceptable Details for Integrally Reinforced Outlet Fittings
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128.4 Procedure

128.4.1 General

(a) Qualification of the brazing procedures to be usedand of the performance of the brazer and brazing opera-tors is required and shall complywith the requirements ofpara. 128.5.
(b) No brazing shall be done if there is impingement ofrain, snow, sleet, or high wind on the area to be brazed.

128.4.2 Heating. Tominimize oxidation, the joint shallbe brought to brazing or soldering temperature in as shorta time as possiblewithout localized underheating or over-heating.
128.4.3 Flux Removal. Residual flux shall be removedif detrimental.

128.5 Brazing Qualification

128.5.1 General. The qualification of the brazingprocedure and of the performance of brazers andbrazing operators shall be in accordance with the

Figure 127.4.8-5 Some Acceptable Details for Integrally Reinforced Outlet Fittings (Cont’d)

GENERAL NOTES:(a) Welds shall be in accordance with para. 127.4.8(c).(b) Weld attachment details for branch fittings that do not match the schedule or weight designation of the run pipe as defined by MSS SP-97,Table 1 shall be designed to meet the requirements in paras. 104.3.1 and 104.7.2.(c) Thestress intensification factors as requiredbyparas. 104.8 and119.7.3, for the fittings representedbydrawings (b-1), (b-2), (c-1), and (c-2),should be obtained from the fitting manufacturer.NOTES:(1) When the fittingmanufacturerhasnotprovidedavisible scribe lineon thebranch fitting, theweld lineshall be theedgeof the firstbevel on thebranch fitting adjacent to the run pipe.(2) Theminimum coverweld throat thickness, tc, applieswhen the angle between the branch fitting grooveweld face and the run pipe surface isless than 135 deg. For areaswhere the angle between the grooveweld face and the runpipe surface is 135 deg or greater, the coverweldmaytransition to nothing.(3) Cover weld shall provide a smooth transition to the run pipe.(4) tnb shall bemeasuredat theplane that passes through the longitudinal centerline of the runpipe and the centerline of thebranch fitting.When
tnb in the crotch area does not equal tnb in the heel area, the thicker of the two shall govern in determining the heat treatment in accordancewith para. 132.4, and in determining the nondestructive examination in accordance with Table 136.4.1-1.

Figure 127.4.8-6 ð20ÞTypical Full Penetration Weld Branch Connections for NPS 3 (DN 80) and Smaller Half Couplings
or Adapters

NOTE: (1) Refer to para. 104.3.1(c)(2) for branch connections not requiring reinforcement calculations.
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requirements of ASMEBPVC, Section IX, Part QB, except asmodified herein.
128.5.2 Brazing Responsibility. Each employer (seepara. 100.2) shall be responsible for the brazingperformed by his/her organization and the performanceof brazers or brazing operators employed by that organ-ization.
128.5.3 Qualification Responsibility

(a) Procedures. Each employer shall be responsible forqualifying any Brazing Procedure Specification (BPS) thathe/she intends to have used by personnel of his/her or-ganization. However, to avoid duplication of effort, andsubject to approval of the owner, a BPS qualified by a tech-nically competent group or agency may be used
(1) if the group or agency qualifying the proceduresmeets all of the procedure qualification requirements ofthis Code
(2) if the fabricator accepts the procedure thus qual-ified
(3) if the user of the procedure has qualified at leastone brazer using the BPS
(4) if the user of the procedure assumes specificresponsibility for the procedure qualification workdone by him/her by signing the records required bypara. 128.6All of the conditions in (1) through (4) shall be metbefore a procedure thus qualified may be used.

(b) Brazers andBrazingOperators.Each employer shallbe responsible for qualifying all the brazers and brazingoperators employed by him/her.However, to avoid duplication of effort, he/she mayaccept a Brazer/Brazing Operator Performance Qualifica-tion (BPQ) made by a previous employer (subject to theapproval of the owner or his/her agent) on piping usingthe sameoranequivalentprocedurewherein theessential

variables are within the limits established in ASME BPVC,Section IX. An employer accepting such qualification testsby a previous employer shall obtain a copy (from theprevious employer) of the BPQ, showing the name ofthe employer by whom the brazers or brazing operatorswerequalified, thedates of suchqualification, and thedatethe brazer last brazed pressure piping components undersuch qualification. The employer shall then prepare andsign the record required in para. 128.6 accepting respon-sibility for the ability of the brazer or brazing operator.
128.6 Brazing RecordsThe employer shall maintain a record signed by him/herandavailable to thepurchaserorhis/her agent and theinspector, showing the date and results of procedure andperformance qualification.The BPQ shall also show the identification symbolassigned to the brazer or brazing operator employedby him/her, and the employer shall use this symbol toidentify the brazing performed by the brazer orbrazing operator. This may be accomplished by the appli-cation of the symbol on the braze joint in a manner speci-fied by the employer. Alternatively, the employer shallmaintain records that identify braze joints made by thebrazer or brazing operator.
129 BENDING AND FORMING

129.1 BendingPipe may be bent by any hot or cold method and to anyradius thatwill result in a bend surface free of cracks. Suchbends shall meet the design requirements of para. 102.4.5with regard to minimum wall thickness. Where limits onflattening andbuckling are not specified by design, as deli-neated in para. 104.2.1, manufacturing limits of PFI ES-24

Figure 127.4.8-7ð20Þ Typical Partial Penetration Weld Branch Connection for NPS 2 (DN 50) and Smaller Fittings
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shall be met. When defaulting to PFI ES-24, mutual agree-ment betweenpurchaser and fabricator beyond the statedmanufacturing limits shall not be allowed without theapproval of the designer.The use of bends designed as creased or corrugated isnot prohibited.
129.2 FormingPiping components may be formed (swedging, lapping,or upsetting of pipe ends, extrusion of necks, etc.) by anysuitable hot or cold working method, provided suchprocesses result in formed surfaces that are uniformand free of cracks or other defects, as determined bythe method of inspection specified in the design.
129.3ð20Þ Heat Treatment of Bends and Formed

ComponentsThe processes and temperature control methodsdescribed in ASME B31P are recommended in additionto any required heat treatment.
129.3.1 Except for creep strength enhanced ferriticsteels (P-No. 15E), hot bending or hot forming isperformed at a temperature equal to or above Tcrit −100°F (56°C), where Tcrit is the lower critical temperatureof thematerial. Cold bending or cold forming is performedat a temperature below Tcrit − 100°F (56°C). (SeeTable 129.3.1-1 for lower critical temperatures.) Forcreep strength enhanced ferritic steels (P-No. 15E), hotbending or hot forming is performed at a temperatureequal to or above 1,300°F (705°C). Cold bending orcold forming is performed at a temperature below1,300°F (705°C).

129.3.2 A postbending or postforming heat treatmentat the timeand temperature cycles listed forpostweldheattreatment inTable132.1.1-1 is requiredonall carbonsteel(P-No. 1)materialswith anominalwall thickness in excessof 0.75 in. (19.0mm)unless the bending or forming opera-tions are performed and completed at temperatures of1,650°F (900°C) or greater.
129.3.3 A postforming or postbending heat treatmentas defined below is required for all ferritic alloy steel(excluding P-No. 1 and P-No. 15E) materials with anominal pipe size 4 in. (DN 100) and larger or with anominal thickness of 0.50 in. (12.7 mm) or greater.
(a) If hot bending or hot forming is performed, thematerial shall receive a full anneal, normalization andtemper, or tempering heat treatment as specified bythe designer.
(b) If cold bending or cold forming is performed, a heattreatment is required at the time and temperature cyclelisted for the material in Table 132.1.1-1.

129.3.3.1 Creep strength enhanced ferritic steels (P-No. 15E) subject to forming or bending shall be heattreated in accordance with the following rules. Whenthe material is cold formed or cold bent, cold formingstrains shal l be calculated in accordance withpara. 129.3.4.1 or para. 129.3.4.2.
(a) If hot bending or hot forming is performed, and forall cold swages, flares, or upsets, normalizing andtempering of the material is required in accordancewith the requirements in the base material specification.
(b) If cold bending or cold forming is performed, thematerial shall beheat treatedas listed inTable129.3.3.1-1.

129.3.3.2 Formaterialswith less thanor equal to 5%strain or design temperatures less than 1,000°F (540°C),heat treatment is neither required nor prohibited.
129.3.4 Postbending or postforming heat treatment ofaustenitic materials and nickel alloys shall be performedas described in paras. 129.3.4.1 through 129.3.4.6.

129.3.4.1 Cold-formed areas of components manu-factured of austenitic materials and nickel alloys shall beheat treated after forming if they exceed both the designtempera tures and forming s t ra ins shown inTable 129.3.4.1-1. Forming strains shall be calculatedas follows:
(a) For cylinders formed from plate

= t R R R% strain 50 / (1 / )n f f g

(b) For spherical or dished heads formed from plate
= t R R R% strain 75 / (1 / )n f f g

(c) For tube and pipe bends
= r R% strain 100 /odwhere

Table 129.3.1-1 Approximate Lower Critical
Temperatures

Material

Approximate
Lower Critical
Temperature,

°F (°C)
[Note (1)]Carbon steel (P-No. 1) 1,340 (725)Carbon–molybdenum steel (P-No. 3) 1,350 (730)1Cr–1∕2Mo (P-No. 4, Group No. 1) 1,375 (745)11∕4Cr–1∕2Mo (P-No. 4, Group No. 1) 1,430 (775)21∕4Cr–1Mo, 3Cr–1Mo (P-No. 5A) 1,480 (805)5Cr–1∕2Mo (P-No. 5B, Group No. 1) 1,505 (820)9Cr 1,475 (800)9Cr–1Mo–V, 9Cr–2W (P-No. 15E) 1,470 (800)NOTE: (1) These values are intended for guidance only. The usermayapply values obtained for the specific material in lieu of these values.
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R = centerline radius of bend
Rf = mean radius after forming
Rg = original mean radius (equal to infinity for a flatplate)
rod = nominal outside radius of pipe or tube
tn = nominal thickness of the plate, pipe, or tubebefore forming
129.3.4.2 When formingstrains cannotbecalculatedas shown in para. 129.3.4.1, the manufacturer shall havethe responsibility to determine the maximum formingstrain.
129.3.4.3 For flares, swages, or upsets, heat treat-ment in accordance with Table 129.3.4.1-1 shall apply,regardless of the amount of strain, unless the finishingforming temperature is equal to or greater than theminimum heat treatment temperature for a givengrade or UNS number material, provided the require-ments of para. 129.3.4.5 are met.
129.3.4.4 Heat treatment, in accordance withTable 129.3.4.1-1, shall not be required if the finishingforming temperature is equal to or greater than theminimum heat treatment temperature for a givengrade or UNS number material, provided the require-ments of para. 129.3.4.5 are met.

129.3.4.5 Thepiping components being heat treatedsha l l b e he l d a t t h e t empe ra t u r e s g i v en i nTable 129.3.4.1-1 for 20min/in. (20min/25mm) of thick-ness, or for 10 min, whichever is greater.
129.3.4.6 Postbending or postforming heat treat-ment of materials not identified in Table 129.3.4.1-1 isneither required nor prohibited. If a postbending or post-forming heat treatment is to be performed, the designershall fully describe the procedure to be used.

129.3.5 ForASTMA335P36andASTMA182F36, aftereither cold bending to strains in excess of 5% or any hotbending of this material, the full length of the componentshall be heat treated in accordance with the requirementsspecified in the material specification.
129.3.6 Postbending or postforming heat treatment ofother materials is neither required nor prohibited. If apostbending or postforming heat treatment is to beperformed, the designer shall fully describe the procedureto be used.

Table 129.3.3.1-1 Post-Cold-Forming Strain Limits and Heat Treatment Requirements for Creep Strength Enhanced
Ferritic Steels

Grade
UNS

Number

Limitations in Lower Temperature Range
Limitations

in Higher Temperature Range
Required Heat
Treatment
When Design
Temperature
and Forming
Strain Limits
Are Exceeded

For Design Temperature

And Forming
Strains

For Design
Temperature
Exceeding And Forming

Strains
Exceeding

But Less Than
or Equal to

°F °C °F °C °F °C91 K90901 1,000 540 1,115 600 >25% 1,115 600 >20% Normalize and temper[Note (1)]1,000 540 1,115 600 >5% to ≤25% 1,115 600 >5% to ≤20% Postbend heat treatment[Notes (2), (3), and(4)]GENERAL NOTE: The limits shown are for pipe and tube formed from plates, spherical or dished heads formed from plate, and tube and pipebends. The forming strain limits tabulated in this Table shall be divided by two if para. 129.3.4.2 is applied.NOTES:(1) Normalization and tempering shall be performed in accordance with the requirements in the base material specification, and shall not beperformed locally. Thematerial shall either beheat treated in its entirety, or the cold-strained area (including the transition to the unstrainedportion) shall be cut away from the balance of the tube or component and heat treated separately or replaced.(2) Postbend heat treatments shall be performed at 1,350°F to 1,425°F (730°C to 775°C) for 1 hr/in. (1 h/25 mm) or 30 min minimum.Alternatively, a normalization and temper in accordance with the requirements in the base material specification may be performed.(3) Formaterialswithgreater than5%strainbut less thanorequal to25%strain,withdesign temperatures less thanorequal to1,115°F (600°C),if a portion of the component is heated above the heat treatment temperature allowed above, one of the following actions shall be performed:
(a) The component in its entirety must be renormalized and tempered.
(b) For BEP piping only, the allowable stress shall be that for Grade 9 material (i.e., ASME SA-213 T9, ASME SA-335 P9, or equivalent productspecification) at the design temperature, provided that the portion of the component that was heated to a temperature exceeding the maximumholding temperature is subjected to a final heat treatmentwithin the temperature range and for the time required inNote (2) above. The use of thisprovision shall be noted on the Manufacturer’s Data Report.(4) If a longitudinal weld is made to a portion of the material that is cold strained, that portion shall be normalized and tempered prior to orfollowing welding. This normalizing and tempering shall not be performed locally.
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Table 129.3.4.1-1 Post-Cold-Forming Strain Limits and Heat Treatment Requirements for Austenitic Materials
and Nickel Alloys

Grade
UNS

Number

Limitations in Lower Temperature Range Limitations in Higher
Temperature Range

Minimum Heat
Treatment

Temperature When
Design Temperature
and Forming Strain
Limits Are Exceeded
[Notes (1) and (2)]

For Design Temperature

And
Forming
Strains

Exceeding
Exceeding

But Less Than
or Equal to

For Design
Temperature
Exceeding

And
Forming
Strains

Exceeding°F °C °F °C °F °C °F °C304 S30400 1,075 580 1,250 675 20% 1,250 675 10% 1,900 1040304H S30409 1,075 580 1,250 675 20% 1,250 675 10% 1,900 1040304N S30451 1,075 580 1,250 675 15% 1,250 675 10% 1,900 1040309S S30908 1,075 580 1,250 675 20% 1,250 675 10% 2,000 1095310H S31009 1,075 580 1,250 675 20% 1,250 675 10% 2,000 1095310S S31008 1,075 580 1,250 675 20% 1,250 675 10% 2,000 1095
316 S31600 1,075 580 1,250 675 20% 1,250 675 10% 1,900 1040316H S31609 1,075 580 1,250 675 20% 1,250 675 10% 1,900 1040316N S31651 1,075 580 1,250 675 15% 1,250 675 10% 1,900 1040321 S32100 1,000 540 1,250 675 15% [Note (3)] 1,250 675 10% 1,900 1040321H S32109 1,000 540 1,250 675 15% [Note (3)] 1,250 675 10% 2,000 1095
347 S34700 1,000 540 1,250 675 15% 1,250 675 10% 1,900 1040347H S34709 1,000 540 1,250 675 15% 1,250 675 10% 2,000 1095348 S34800 1,000 540 1,250 675 15% 1,250 675 10% 1,900 1040348H S34809 1,000 540 1,250 675 15% 1,250 675 10% 2,000 1095
600 N06600 1,075 580 1,200 650 20% 1,200 650 10% 1,900 1040617 N06617 1,200 650 1,400 760 15% 1,400 760 10% 2,100 1150690 N06690 1,075 580 1,200 650 20% 1,200 650 10% 1,900 1040
800 N08800 1,100 595 1,250 675 15% 1,250 675 10% 1,800 980800H N08810 1,100 595 1,250 675 15% 1,250 675 10% 2,050 1120… S30815 1,075 580 1,250 675 15% 1,250 675 10% 1,920 1050… N06022 1,075 580 1,250 675 15% … … … 2,050 1120GENERAL NOTE: The limits shown are for pipe and tube formed from plates, spherical or dished heads formed from plate, and pipe and tubebends. When the forming strains cannot be calculated as shown in para. 129.3.4.1, the forming strain limits shall be half those tabulated in thisTable (see para. 129.3.4.2).NOTES:(1) Rate of cooling from heat treatment temperature not subject to specific control limits.(2) Whileminimumheat treatment temperatures are specified, it is recommended that theheat treatment temperature rangebe limited to150°F(85°C) above that minimum and 250°F (140°C) for Grades 347, 347H, 348, and 348H.(3) For simple bends of tubes or pipes whose outside diameter is less than 3.5 in. (89 mm), this limit is 20%.
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130 REQUIREMENTS FOR FABRICATING AND
ATTACHING PIPE SUPPORTS

130.1 Pipe SupportsStandard pipe hangers and supports shall be fabricatedin accordance with the requirements of MSS SP-58.Welders, welding operators, and WPSs shall be qualifiedin accordance with the requirements of ASME BPVC,Section IX.
130.2 Alternate Pipe SupportsSpecial hangers, supports, anchors, and guides, notdefined as standard types of hanger components inMSS SP-58, shall be welded in accordance with the re-quirements of para. 127 (para. 132 is not applicableexcept as required by the weld procedure used) andinspected in accordance with the requirements of para.136.4.2.
130.3 Pipe Support WeldsWelds attaching hangers, supports, guides, and anchorsto the piping system shall conform to the requirements ofChapters V and VI of this Code.
131 WELDING PREHEAT

131.1ð20Þ Minimum Preheat RequirementsThe preheat requirements listed herein are mandatoryminimum values.The base metal temperature for the parts to be weldedshall be at or above theminimum temperature specified inTable 131.4.1-1 in all directions from the point of weldingfor a distance of the larger of 3 in. (75mm) or 1.5 times thegreater nominal thickness (as defined in para. 132.4.3).The basemetal temperature for tackwelds shall be at orabove the specified minimum temperature for a distancenot less than 1 in. (25mm) in all directions from the pointof welding.ASMEB31Pmaybeused as an alternative in accordancewith para. 127.4.10.
131.2 Different P-Number MaterialsWhen welding two different P-Number materials, theminimum preheat temperature required shall be thehigher temperature for the material to be welded asshown in Table 131.4.1-1.
131.3ð20Þ Preheat Temperature Verification

(a) The preheat temperature shall be checked by use oftemperature-indicating crayons, thermocouple pyrom-eters, or other suitable methods to ensure that therequired preheat temperature is obtained prior to, anduniformly maintained during, the welding operation.

(b) Thermocouples may be temporarily attacheddirectly to pressure-containing parts using the low-energy capacitor discharge method of welding in accor-dance with the requirements of para. 127.4.9(b).
131.4 Preheat Temperature

131.4.1 Theminimum preheat temperature shall be asstated in Table 131.4.1-1.
131.4.2 Higher minimum preheat temperatures maybe required by the WPS or by the designer.

131.6 Interruption of Welding

131.6.1 ð20ÞInterruption of Welding. After weldcommencement, the interruption of preheat is discour-aged prior to weld completion. The minimum preheattemperature shall be maintained until any requiredPWHT is performed on P-Nos. 3, 4, 5A, 5B, 6, and 15E,except when all of the following conditions are satisfied:
(a) A minimum of at least 3∕8 in. (10 mm) thickness ofweld is deposited or 25% of the welding groove is filled,whichever is less (the weldment shall be sufficientlysupported to prevent overstressing the weld if the weld-ment is to be moved or otherwise loaded). Caution isadvised that the surface condition prior to coolingshould be smooth and free of sharp discontinuities.
(b) For P-Nos. 3, 4, and 5Amaterials (with a chromiumcontent of 3.0% maximum), the weld is allowed to coolslowly to room temperature.
(c) ForP-No. 5B (with a chromiumcontent greater than3.0%), P-No. 6, and P-No. 15E materials, the weld issubjected to a postweld hydrogen bakeout at 500°F to750°F (260°C to 400°C) for 1 hr/in. (25 mm) of depositedweld thickness and an adequate intermediate heat treat-mentwith a controlled rate of cooling and ismaintained ina dry environment. The preheat temperature may bereduced to 200°F (95°C) (minimum) for root examinationwithout performing a postweld hydrogen bakeout.
(d) After cooling and before welding is resumed, visualexamination of theweld shall be performed to ensure thatno cracks have formed.
(e) Required preheat shall be applied beforewelding isresumed.
131.6.2 ð20ÞCompletion of Welding.Afterweld completionand prior to PWHT, P-Nos. 5B, 6, and 15E shall satisfy thefollowing conditions:
(a) The weld shall undergo a postweld hydrogenbakeout at 500°F to 750°F (260°C to 400°C) for 1 hr/in. (25mm) of deposited weld thickness with a controlledrate of cooling and be maintained in a dry environment.Postweld hydrogen bakeout for P-No. 5B or P-No. 15Ematerials may be omitted entirely when the followingcondition applies:
(1) use of low-hydrogen electrodes and filler metalsclassified by the filler metal specification with an optionalsupplemental diffusible hydrogen designator of H4 or
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lower (H5 designation on SAW flux) and suitablycontrolled by maintenance procedures to avoid contam-inationbyhydrogen-producing sources. The surface of thebase metal prepared for welding shall be free of contami-nants. The following additional exemptions shall apply:
(-a) GTAW welds with a thickness of 1∕2 in. (13mm) or less that are wrapped in insulation andallowed to cool slowly to the ambient temperatureafter completion. Filler metal need not meet the H4 orlower diffusible hydrogen requirements of (1).
(-b) multiprocess welds incorporating a GTAWroot and one or more hot passes not meeting the H4or lower diffusible hydrogen requirements of (1),when the remaining processes meet or exceed the elec-trode and fill metal requirements of (1).

(-c) upon weld completion, preheat is reducedbelow the approximate martensite finish (Mf) tempera-ture [see (b)], followed by prompt PWHT per para.132. A written procedure shall be provided to theowner or his/her agent detailing the process used tomini-mize hydrogen exposure and the time below 200°F (95°C)prior to initiating the PWHT heating cycle.
(b) P-No. 15Ematerials are required tobecooledbelowtheapproximatemartensite finish (Mf) temperatureof thefiller metals before PWHT is initiated. Approximate Mftemperatures are as follows:
(1) P-No. 15E filler metal Ni + Mn ≤ 1.2% = 375°F(190°C)
(2) P-No. 15E filler metal Ni + Mn > 1.2% = 200°F(95°C)

Table 131.4.1-1 ð20ÞPreheat Temperatures

Base Metal
P-Number [Note (1)]

Base Metal
Group

Greater Material
Thickness

Additional Limits
Required Minimum Temperature

in. mm °F °C1 Carbon steel ≤1 ≤25 None 50 10>1 >25 %C ≤ 0.30 [Note (2)] 50 10>1 >25 %C > 0.30 [Note (2)] 200 95
3 Alloy steelCr ≤ 1∕2% ≤1∕2 ≤13 SMTS ≤ 65 ksi (450 MPa) 50 10>1∕2 >13 SMTS ≤ 65 ksi (450 MPa) 200 95All All SMTS > 65 ksi (450 MPa) 200 95
4 Alloy steel1∕2% < Cr ≤ 2% All All None 250 1205A Alloy steel All All SMTS ≤ 60 ksi (414 MPa) 300 150SMTS > 60 ksi (414 MPa) 400 2055B Alloy steel All All SMTS ≤ 60 ksi (414 MPa) 300 150All All SMTS > 60 ksi (414 MPa) 400 205>1∕2 >13 %Cr > 6.0 [Note (2)] 400 205
6 Martensiticstainless steel All All None 400 205[Note (3)] [Note (3)]9A Nickel alloy steel All All None 250 1209B Nickel alloy steel All All None 300 15010I 27Cr steel All All None 300 150[Note (4)] [Note (4)]15E 9Cr–1Mo–V CSEFsteel All All None 400 205All other materials … … None 50 10GENERAL NOTE: SMTS = specified minimum tensile strength.NOTES:(1) P-Nos. and Group nos. from ASME BPVC, Section IX, QW/QB-422.(2) Composition may be based on ladle or product analysis or per specification limits.(3) Maximum interpass temperature 600°F (315°C).(4) Maintain interpass temperature between 300°F and 450°F (150°C and 230°C).
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132 POSTWELD HEAT TREATMENT

132.1 Minimum PWHT Requirements

132.1.1ð20Þ Before applying the detailed requirements andexemptions in these paragraphs, satisfactory qualificationof the WPS to be used shall be performed in accordancewith the essential variables of ASME BPVC, Section IX,including the conditions of postweld heat treatment orlack of postweld heat treatment and including otherrestrictions listed below. Except as otherwise providedin paras. 127.4.9, 132.2, and 132.3, all welds in materialsincluded in the P-Numbers listed in Table 132.1.1-1 shallbe given a postweld heat treatment within the tempera-ture range specified in Table 132.1.1-1. (The range speci-fied inTable132.1.1-1maybemodifiedbyTable132.1.1-2for the lower limit andpara. 132.2 for theupper limit.) Thematerials in Table 132.1.1-1 are listed in accordance withthe material P-Numbers and Group numbers of ASMEBPVC, Section IX, Table QW/QB-422. (Note that the P-Numbers are also listed in Mandatory Appendix A.)Welds of materials not included in Table 132.1.1-1shall be heat treated in accordance with the WPS. Auste-nitizing PWHTs may be performed but are required to beaddressed within the qualified WPS.ASMEB31Pmaybeused as an alternative in accordancewith para. 127.4.10.
132.1.2 Pressure part welds and attachment weldsusing ferritic filler metals that have a specified chromiumcontent of more than 3% shall receive a postweld heattreatment. The postweld heat treatment time andtemperature range used shall be that shown inTable 132.1.1-1 for a base metal of similar composition.
132.1.3 ForASTMA335P36andASTMA182F36, post-weld heat treatment is mandatory under all conditions.Postweld heat treatment shall be in accordance withTable 132.1.3-1.

132.2ð20Þ Mandatory PWHT RequirementsHeat treatment may be accomplished by a suitableheating method that will provide the desired heatingand cooling rates, the required metal temperature,temperature uniformity, and temperature control.
(a) The upper limit of the PWHT temperature range inTable 132.1.1-1 is a recommended value that may beexceeded provided the actual temperature does notexceed the lower critical temperature of either material(see Table 129.3.1-1).
(b) When parts of two different P-Numbers are joinedby welding, the postweld heat treatment shall be thatspecified for the material requiring the higher PWHTtemperature. When a nonpressure part is welded to apressure part and PWHT is required for either part,the maximum PWHT temperature shall not exceed the

maximum temperature acceptable for the pressure-retaining part.
(c) When one of the parts in a joint is exempt fromPWHT, the time and temperature shall be that of thepart requiring PWHT. For a weld to be exempt, eachpart must satisfy the exemptions in para. 132.3 andthe notes applicable to its respective P-Number andGroup number.
(d) When a nonpressure part is welded to a pressurepart and PWHT is required for either part, the maximumPWHT temperature shall not exceed the maximumtemperature acceptable for the pressure-retaining part.
(e) Caution is necessary to preclude metallurgicaldamage to some materials or welds not intended or qual-ified to withstand the PWHT temperatures required. Theuse of material transition joint designs may be required.
(f) The designer may require PWHT even if not man-datory per Table 132.1.1-1 or Table 132.2-1.

132.3 Exemptions to Mandatory PWHT
Requirements

132.3.1 Postweldheat treatment is not required for thefollowing conditions unless required by the qualifiedWPSor the designer:
(a) welds in nonferrous materials
(b) weldsexempted inTable132.1.1-1orTable132.2-1
(c) welds subject to temperatures above the lowercritical temperature (see Table 129.3.1-1) during fabrica-tion provided theWPS has been qualifiedwith PWHT (seepara. 132.1) at the temperature range to be reachedduring fabrication
132.3.2 The postweld heat treatment exemptions ofTable132.2-1maybebasedon theactual chemical compo-sition as determined by a ladle or product analysis inaccordance with the material specification in lieu ofthe specified ormaximum specified chemical compositionlimits.
132.3.3 ð20ÞThermocouples may be temporarily attacheddirectly to pressure-containing parts using the capacitordischarge method of welding in accordance with the re-quirements of para. 127.4.9(b).

132.4 Definition of Thicknesses Controlling PWHT

132.4.1 The term control thicknesses as used inTables 132.1.1-1 and 132.2-1 and their Notes is thelesser thickness of (a) or (b) as follows:
(a) the thickness of the weld
(b) the thicker of thematerials being joined at theweldor the thickness of the pressure-containing material if theweld is attaching a non-pressure-containing material to apressure-containing material
132.4.2 Thickness of the weld, which is a factor indetermining the control thickness, is defined as follows:
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Table 132.1.1-1 ð20ÞPostweld Heat Treatment

P-Number and Group Number
(ASME BPVC, Section IX,

QW/QB-420)
Holding Temperature Range,

°F (°C) [Note (1)]

Minimum Holding Time at Temperature
for Control Thickness [Note (2)]

≤2 in. (50 mm) >2 in. (50 mm)P-No. 1, Groups 1–3 1,100 to 1,200 (595 to 650) 1 hr/in. (25 mm),15 min minimum 2 hr plus 15 min for eachadditional inch (25 mm)over 2 in. (50 mm)P-No. 3, Groups 1 and 2 1,100 to 1,200 (595 to 650)P-No. 4, Groups 1 and 2 1,200 to 1,300 (650 to 705)P-No. 5A, Group 1 1,250 to 1,400 (675 to 760)P-No. 5B, Group 1 1,250 to 1,400 (675 to 760)P-No. 6, Groups 1–3 1,400 to 1,475 (760 to 800)P-No. 7, Groups 1 and 2[Note (3)] 1,350 to 1,425 (730 to 775)P-No. 8, Groups 1–4 PWHT not required unlessrequired by WPSP-No. 9A, Group 1 1,100 to 1,200 (595 to 650)P-No. 9B, Group 1 1,100 to 1,175 (595 to 635)P-No. 10H, Group 1 PWHT not required unlessrequired by WPS. If done, seeNote (4).P-No. 10I, Group 1[Note (3)] 1,350 to 1,500 (730 to 815)
P-No. 15E, Group 1[Note (5)] 1,300 to 1,425 (705 to 775)[Notes (6), (7)] 1 hr/in. (25 mm),30 min minimum 1 hr/in. (25 mm) up to5 in. (125 mm) plus15 min for eachadditional inch(25 mm) over 5 in.(125 mm)
All other materials PWHT as required by WPS Per WPS Per WPSGENERAL NOTE: The exemptions for mandatory PWHT are defined in Table 132.2-1.NOTES:(1) The holding temperature range is further defined in paras. 132.1.1 and 132.2.(2) The control thickness is defined in para. 132.4.1.(3) Cooling rate shall not be greater than 100°F (55°C) per hour in the range above 1,200°F (650°C), after which the cooling rate shall besufficiently rapid to prevent embrittlement.(4) If PWHT isperformedafter bending, forming, orwelding, it shall bewithin the following temperature ranges for the specific alloy, followedbyrapid cooling:Alloys S31803 and S32205 — 1,870°F to 2,010°F (1020°C to 1100°C)Alloy S32550 — 1,900°F to 2,050°F (1040°C to 1120°C)Alloy S32750 — 1,880°F to 2,060°F (1025°C to 1125°C)All others — 1,800°F to 1,900°F (980°C to 1040°C)(5) See para. 125.1.2(c) for hardness requirements for ASTM A217, Grade C12A and ASTM A1091, Grade C91 castings after PWHT.(6) The minimum PWHT holding temperature may be 1,250°F (675°C) for nominal material thicknesses (see para. 132.4.3) ≤1∕2 in. (13 mm).(7) The Ni +Mn content of the filler metal shall not exceed 1.2% unless specified by the designer, in which case themaximum temperature to bereached during PWHT shall be the A1 (lower transformation or lower critical temperature) of the filler metal, as determined by analysis andcalculationorby test, butnot exceeding1,470°F (800°C). If the1,470°F (800°C)wasnot exceededbut theA1of the fillermetalwasexceededorif the compositionof the fillermetal is unknown, theweldmust be removedand replaced. It shall thenbe reweldedwith compliant fillermetaland subjected to a compliant PWHT. If the 1,470°F (800°C) limit was exceeded, the weld and the entire area affected by the PWHT will beremoved and, if reused, shall be renormalized and tempered prior to reinstallation.
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(a) groovewelds (girth and longitudinal)— the thickerof the two abutting ends after weld preparation, includingI.D. machining
(b) fillet welds — the throat thickness of the weld
(c) partial penetration welds — the depth of the weldgroove
(d) material repair welds — the depth of the cavity tobe repaired
(e) branch welds — the weld thickness is the dimen-sionexisting in theplane intersecting the longitudinal axesand is calculated as indicated for each detail using

=t tthe smaller of in. (6 mm) or 0.7c nb
1

4

(1) for welds described in Figure 127.4.8-4:Detail (a)
= +t tweld thickness nb c

Detail (b)
= +t tweld thickness nh cDetail (c)

= + +t t t tweld thickness greater of ornr c nb cDetail (d)
= + +t t tweld thickness nh nr cDetail (e)

= +t tweld thickness nb c

(2) for welds described in Figure 127.4.8-5:
= +t tweld thickness nb c

(3) for welds described in Figures 127.4.8-6 and127.4.8-7:
= +weld thickness depth of groove weld  throat thickness

of cover fillet

132.4.3 The term nominalmaterial thickness as used inTable 132.2-1 is the thicker of the pressure-retainingmaterials being joined at the weld.
132.5 ð20ÞPWHT Heating and Cooling RequirementsAbove 600°F (315°C), the rate of heating and coolingshall not exceed 600°F/hr (335°C/h) divided by one-half the maximum thickness of material in inches atthe weld, but in no case shall the rate exceed 600°F/hr(335°C/h). (See Table 132.1.1-1 for cooling rate require-ments for P-Nos. 7 and 10I materials.)
132.6 Furnace Heating

(a) Heating an assembly in a furnace should be usedwhen practical; however, the size or shape of the unit,or the adverse effect of a desired heat treatment onone or more components where dissimilar materialsare involved, may dictate alternative procedures suchas heating a section before assembly or applying localheating in accordance with para. 132.7.
(b) An assemblymay be postweld heat treated in morethan one heat in a furnace provided there is at least a 1 ft(300mm)overlapof theheatedsectionsand theportionofthe assembly outside the furnace is shielded so that thetemperature gradient is not harmful. Thismethodmaynotbe used for austenitizing heat treatments of ferritic mate-rials.
(c) Direct impingement of flame on the assembly isprohibited.
(d) The furnace shall be calibrated such that the PWHTcan be controlled within the required temperature range.

Table 132.1.1-2 Alternate Postweld Heat Treatment
Requirements for Carbon and Low Alloy Steels,

P-Nos. 1 and 3

Decrease in Specified
Minimum Temperature,

°F (°C)

Minimum Holding Time at
Decreased Temperature,

hr [Note (1)]50 (30) 2100 (55) 4150 (85) [Note (2)] 10200 (110) [Note (2)] 20NOTES:(1) Times shownapply to thicknesses ≤1 in. (25mm). Add15min/in.(25 mm) of thickness for control thicknesses >1 in. (25 mm) (seepara. 132.4).(2) Adecrease>100°F (55°C)belowtheminimumspecified tempera-ture is allowable only for P-No. 1, Groups 1 and 2 materials.
Table 132.1.3-1 Postweld Heat Treatment of P36/F36

Class

Holding
Temperature,

°F (°C) Holding Time1 1,100–1,200(595-650) 2 in. (50 mm) and less thickness: 1 hr/in.(25 mm), 15 min minimumOver 2 in. (50 mm): add 15 min for eachadditional 1 in. (25 mm) of thickness2 1,000–1,150(540–620) 1 hr/in. (25 mm), 1∕2 hr minimum
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Table 132.2-1 ð20ÞExemptions to Mandatory Postweld Heat Treatment

P-Number and
Group Number
(ASME BPVC,
Section IX,

QW/QB-420)
[Note (1)]

Control Thickness,
in. (mm) [Note (2)] Type of Weld Additional Limitations Required for Exemption From PWHT [Notes (3)–(5)]P-No. 1, all Groups All All Apreheat of 200°F (95°C) is appliedprior toweldingonanynominalmaterial thickness>1 in. (25mm)Multiple layer welds are used when the nominal material thickness >3∕16 in. (5 mm)See Note (6)P-No. 3, Groups 1and 2 ≤5∕8 (16) All A preheat of 200°F (95°C) is applied prior to welding on any nominal material thickness >5∕8 in.(16 mm)Specified carbon content of the base materials ≤0.25%Multiple layer welds are used when the nominal material thickness >3∕16 in. (5 mm)See Note (6)P-No. 4, Group 1 ≤5∕8 (16) Groove The mandatory preheat has been appliedSpecified carbon content of the base materials ≤0.20%Multiple layer welds are used when the nominal material thickness >3∕16 in. (5 mm)See Note (6)≤5∕8 (16), except the thickness of a socketweld fitting or flange need not beconsidered Socket and fillet welds The mandatory preheat has been appliedThe throat thickness of the fillet weld or the socket weld ≤1∕2 in. (13 mm)Specified carbon content of the pipe material ≤0.20%Nominal material thickness of the pipe ≤5∕8 in. (16 mm)Multiple layer welds are used when the nominal material thickness >3∕16 in. (5 mm)See Note (6)≤5∕8 (16) Seal welds and non-load-carryingattachments [Note (7)] The mandatory preheat has been appliedThe throat thickness of the fillet weld or the socket weld ≤1∕2 in. (13 mm)Specified carbon content of the pipe material ≤0.20%Nominal material thickness of the pipe ≤5∕8 in. (16 mm)Multiple layer welds are used when the nominal material thickness >3∕16 in. (5 mm)See Note (6)The mandatory preheat has been appliedMultiple layer welds are used when the nominal material thickness >3∕16 in. (5 mm)See Note (6)P-No. 5A, Group 1 ≤5∕8 (16) Groove The mandatory preheat has been appliedSpecified carbon content of the base materials ≤0.15%Multiple layer welds are used when the nominal material thickness >3∕16 in. (5 mm)See Note (6)≤5∕8 (16), except the thickness of a socketweld fitting or flange need not beconsidered Socket and fillet welds The mandatory preheat has been appliedThe throat thickness of the fillet weld or the socket weld ≤1∕2 in. (13 mm)Specified carbon content of the pipe material ≤0.15%The nominal thickness of the pipe ≤5∕8 in. (16 mm)Multiple layer welds are used when the nominal material thickness >3∕16 in. (5 mm)See Note (6)≤5∕8 (16) Seal welds and non-load-carryingattachments [Note (7)] The mandatory preheat has been appliedMultiple layer welds are used when the nominal material thickness >3∕16 in. (5 mm)See Note (6)P-No. 5B, Group 1 No exemptions to PWHT … …
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Table 132.2-1 Exemptions to Mandatory Postweld Heat Treatment (Cont’d)

P-Number and
Group Number
(ASME BPVC,
Section IX,

QW/QB-420)
[Note (1)]

Control Thickness,
in. (mm) [Note (2)] Type of Weld Additional Limitations Required for Exemption From PWHT [Notes (3)–(5)]P-No. 6, Groups 1–3 All All Specified carbon content of the base materials ≤0.08%Nominal material thickness ≤3∕8 in. (10 mm)The weld filler metal is A-No. 8, A-No. 9, or F-No. 43 compositionSee Note (8)P-No. 7, Group 2 No exemptions to PWHT … …P-No. 8, all Groups All All PWHT neither required nor prohibitedP-No. 9A, Group 1 All All Specified carbon content of the pipe material ≤0.15%Nominal material thickness ≤1∕2 in. (13 mm)The mandatory preheat has been appliedP-No. 9B, Group 1 All All Nominalmaterial thickness≤5∕8 in. (16mm)and theWPShasbeenqualifiedusingamaterial of equal orgreater thickness than used in the production weldP-No. 10H, Group 1 All All PWHT neither required nor prohibitedP-No. 10I, Group 1 All All PWHT neither required nor prohibited for nominal material thickness ≤1∕2 in. (13 mm)P-No. 15E No exemptions to PWHT … …NOTES:(1) If differences with the P-Number listed in Mandatory Appendix A are found, the P-Number listed in ASME BPVC, Section IX, Table QW/QB-422 applies.(2) The control thickness is defined in para. 132.4.1.(3) The nominal material thickness is defined in para. 132.4.3.(4) No exemptions are permitted for PWHTs required by the designer or the WPS.(5) Additional exemptions for welds made in accordance with para. 127.4.9 may be taken for the materials addressed.(6) Single layer or single pass welds may be exempted from PWHT, provided theWPS has been qualified using single pass welds with ±10% heat input and all other conditions for exemption aremet.(7) Non-load-carrying attachments are defined as items where no pressure loads or significant mechanical loads are transmitted through the attachment to the pipe or pressure-containingmaterial.(8) The A-Nos. and F-Nos. are found in ASME BPVC, Section IX, Tables QW-442 and QW-432, respectively.
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132.7 Local HeatingPWHT may be performed locally by heating a circum-ferential band around the entire componentwith theweldlocated in theapproximatecenterof theband.Thewidthofthe band heated to the specified temperature range shallbe at least three times thewall thickness at theweld of thethickest part being joined. For nozzle and attachmentweld, the width of the band heated to the specifiedtemperature range shall extend beyond the nozzleweld or attachment weld on each side at least twotimes the run pipe thickness and shall extend completelyaround the run pipe. Guidance for the placement of ther-mocouples on circumferential butt welds is provided inAWS D10.10, Sections 5, 6, and 8. Special considerationshall be given to the placement of thermocouples whenheating welds adjacent to large heat sinks, such asvalves or fittings, or when joining parts of different thick-nesses. No part of the materials subjected to the heatsource shall exceed the lower critical temperature ofthe material. Particular care must be exercised whentheapplicablePWHTtemperature is close to thematerial’slower critical temperature, such as for P-No. 15E mate-rials, or when materials of different P-Nos. are beingjoined. This method may not be used for austenitizingheat treatments.
133 STAMPINGStamping, if used, shall be performed by a method thatwill not result in sharp discontinuities. In no case shallstamping infringe on the minimum wall thickness orresult in dimpling or denting of the material beingstamped.
CAUTIONARY NOTE: Detrimental effects can result from
stamping of material that will be in operation under
long-term creep or creep fatigue conditions.

135 ASSEMBLY

135.1 GeneralThe assembly of the various piping components,whether done in a shop or as field erection, shall bedone so that the completely erected piping conformswith the requirements of the engineering design.
135.2 Alignment

135.2.1 Equipment Connections. When makingconnections to equipment, such as pumps or turbinesor other piping components that are sensitive to exter-nally induced loading, forcing the piping into alignmentis prohibited if this action introduces end reactionsthat exceed those permitted by design.

135.2.2 Cold Springs. Before assembling joints inpiping to be cold sprung, an examination shall bemade of guides, supports, and anchors for obstructionsthat might interfere with the desired movement orresult in undesired movement. The gap or overlap ofpiping prior to assembly shall be checked against thedesign specifications and corrected if necessary.
135.3 Bolted Flanged Connections

135.3.1 Fit Up. All flanged joints shall be fitted up sothat the gasket contact surfaces bear uniformly on thegasket and then shall be made up with relativelyuniform bolt stress.
135.3.2 Gasket Compression. When bolting gasketedflange joints, the gasket shall be properly compressed inaccordance with the design principles applicable to thetype of gasket being used.
135.3.3 Cast Iron to Steel Joints. Cast iron to steelflanged joints in accordance with para. 108.3 shall beassembled with care to prevent damage to the castiron flange.
135.3.4 Bolt Engagement.All bolts shall be engaged sothat there is visible evidence of complete threadingthrough the nut or threaded attachment.
135.3.5 Nonmetallic Lined Joints. When assemblingnonmetallic lined joints, such as plastic lined steelpipe, consideration should be given to maintaining elec-trical continuity between flanged pipe sections whererequired.

135.4 Packed Joints and Caulked JointsCare shall be used to ensure adequate engagement ofjoint members. Where packed joints are used to absorbthermal expansion, proper clearance shall be provided atthe bottom of the sockets to permit movement.
135.5 Threaded Piping

135.5.1 Thread Compound. Any compound or lubri-cant used in threaded joints shall be suitable for theservice conditions and shall be compatible with thepiping material and the service fluid.
135.5.2 Joints for Seal Welding. Threaded joints thatare intended to be seal welded in accordance withpara. 127.4.5 should be made up without any threadcompound.
135.5.3 Joints Using Straight Threads. Some jointsusing straight threads, with sealing at a surface otherthan threads, are shown in Figure 135.5.3-1. Care shallbe used to avoid distorting the seal when incorporatingsuch joints into piping assemblies by welding or brazing.
135.5.4 Backing Off. Backing off threaded joints toallow for alignment is prohibited.
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135.6 Tubing Joints

135.6.1 Flared. The sealing surface shall be free ofinjurious defects before installation.
135.6.2 Flareless and Compression. Flareless andcompression joints shall be assembled in accordancewith the manufacturer’s recommendations.

135.7 Ductile Iron Bell End PipingAssembly of ductile iron pipe, using ANSI/AWWAC111/A21.11 mechanical or push-on joints, shallcomply with AWWA C600.

Figure 135.5.3-1 Typical Threaded Joints Using Straight Threads

GENERAL NOTE: Threads are ASME B1.1 straight threads.
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Chapter VI
Inspection, Examination, and Testing

136 INSPECTION AND EXAMINATION

136.1 Inspection

136.1.1 General. Inspection is the responsibility of theowner and may be performed by employees of the owneror a party authorized by the owner, except for AuthorizedInspection required by para. 136.2.
136.1.2ð20Þ Verification of Compliance. Prior to initialoperation, a piping installation shall be inspected toensure that the piping has been constructed in accordancewith the design, material, fabrication, assembly, examina-tion, and testing requirements of this Code.
(a) For boiler external piping (BEP), the AuthorizedInspector shall verify, in accordance with ASME BPVC,Section I, PG-90, compliance with the requirements ofthis Code when the ASME Certification Mark and Desig-nator are to be applied. The quality control system re-quirements of ASME BPVC, Section I, NonmandatoryAppendix A, A-301 and A-302 shall apply.
(b) For nonboiler external piping (NBEP), the ownershall ensure that the design and construction documentsand the requirements of this Code have been compliedwith in accordance with the owner’s requirements.
136.1.3 Rights of Inspectors. Inspectors shall haveaccess to any place where work concerned with thepiping is being performed. This includes manufacture,fabrication, heat treatment, assembly, erection, examina-tion, and testing of the piping. They shall have the right toaudit any examination, to inspect the piping using anyappropriate examination method required by the engi-neeringdesignor this Code, and to reviewall certificationsand records necessary to satisfy the owner’s responsi-bility as stated in para. 136.1.1.
136.1.4 Qualifications of the Owner’s Inspector

(a) The owner’s Inspector shall be designated toperform inspections on behalf of the owner and shallbe an employee of the owner, an engineering or scientificorganization, or a recognized insurance or inspectioncompany acting as the owner’s agent. The owner’sInspector shall not represent nor be an employee ofthe piping manufacturer, fabricator, or erector unlessthe owner is also the manufacturer, fabricator, or erector.
(b) The owner’s Inspector shall meet one of thefollowing requirements:

(1) have at least 10 yr of experience in the design,manufacture, erection, fabrication, inspection, or exami-nation of piping systems. Each year of satisfactorilycompleted work toward an accredited engineering orengineering technology degree shall be consideredequivalent to 1 yr of experience, up to 5 yr total.
(2) have a professional engineering registration ornationally recognized equivalent with a minimum of 5yr of experience in the design, manufacture, erection,fabrication, inspection, or examination of piping systems.
(3) be a certifiedWelding Inspector or a Senior Certi-fiedWelding Inspector as defined inAWSQC1, or a nation-ally recognized equivalent, with a minimum of 5 yr ofexperience in the design, manufacture, erection, fabrica-tion, inspection, or examination of piping systems.
(4) be an Authorized Piping Inspector as defined inAPI 570, Piping Inspection Code: In-service Inspection,Rating, Repair, and Alteration of Piping Systems, with aminimumof 5 yr of experience in the design,manufacture,erection, fabrication, inspection, or examination of pipingsystems.

(c) In delegating the performance of inspections, theowner is responsible for determining that a person towhom an inspection function is delegated is qualifiedto perform that function.
136.2 Inspection and Qualification of Authorized

Inspector for Boiler External Piping

136.2.1 Piping for which Authorized Inspection andstamping are required as determined in accordancewith para. 100.1.2(a) shall be inspected during construc-tion and after completion and at the option of the Author-ized Inspector at such stages of the work as he/she maydesignate. For specific requirements see the applicableparts of ASME BPVC, Section I, PG-104 through PG-113. Each manufacturer, fabricator, or assembler isrequired to arrange for the services of Authorized Inspec-tors.
136.2.1.1 TheAuthorized Inspection requiredby thisCodeSectionshall beperformedbyan Inspectoremployedby an ASME-accredited Authorized Inspection Agency.

136.2.2 Certification by use of the ASME CertificationMark and Designators, and Data Reports where required,shall be as per ASME CA-1.
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136.3 Examination

136.3.1 General. Examination denotes the functionsperformed by the manufacturer, fabricator, erector, ora party authorized by the owner that include nondestruc-tive examinations (NDE), such as visual, radiography,ultrasonic, eddy current, liquid penetrant, and magneticparticle methods. The degree of examination and theacceptance standards beyond the requirements of thisCode shall be a matter of prior agreement between themanufacturer, fabricator, or erector and the owner.
136.3.2ð20Þ Qualification of NDE Personnel. Personnelwho perform nondestructive examination of weldsshall be qualified and certified for each examinationmethod in accordance with a program established bythe employer of the personnel being certified, whichshall be based on the following minimum requirements:
(a) instruction in the fundamentals of the nondestruc-tive examination method.
(b) on-the-job training to familiarize the NDE person-nel with the appearance and interpretation of indicationsof weld defects. The length of time for such training shallbe sufficient to ensure adequate assimilationof the knowl-edge required.
(c) a visual acuity examination performed at least onceeachyear todetermineoptical capabilityofNDEpersonnelto perform the required examinations.
(d) upon completion of (a) and (b), the NDE personnelshall be given a written examination and performanceexamination by the employer to determine if the NDEper-sonnel are qualified to perform the required examinationsand interpretation of results.
(e) certified NDE personnel whose work has notincluded performance of a specific examination methodfor a period of 1 yr ormore shall be recertified by success-fully completing the examination of (d) and also passingthevisual examinationof (c). Substantial changes inproce-dures or equipment shall require recertification of theNDE personnel. For this Code, the requirements ofASME BPVC, Section V, Article 1, Mandatory AppendixIII are optional.As an alternative to the preceding program, the require-ments of ASME BPVC, Section V, Article 1, T-120(e) or T-120(f)may be used for the qualification of NDEpersonnel.Personnel qualified to AWSQC1maybeused for the visualexamination of welds provided they meet the annualvisual acuity examination requirement of (c) and theJ1 visual acuity requirement of ASME BPVC, Section V,Article 9.

136.4 Examination Methods of Welds

136.4.1 Nondestructive Examination. Nondestructiveexaminations shall be performed in accordance with therequirementsof thisChapter.The typesandextentofman-datory examinations for pressure welds and welds topressure-retaining components are specified in

Table 136.4.1-1. For welds other than those coveredby Table 136.4.1-1, only visual examination is required.Welds requiringnondestructive examination shall complywith the applicable acceptance standards for indicationsas specified in paras. 136.4.2 through 136.4.6. As a guide,the detection capabilities for the examination method areshown in Table 136.4.1-2. Welds not requiring examina-tion (i.e., RT,UT,MT, orPT)by thisCodeor theengineeringdesign shall be judged acceptable if they meet the exam-ination requirements of para. 136.4.2 and the pressuretest requirements specified in para. 137. NDE for P-Nos. 3, 4, 5A, 5B, and 15E material welds shall beperformed after postweld heat treatment unless directedotherwise by engineering design. Required NDE for weldsin all other materials may be performed before or afterpostweld heat treatment.
136.4.2 ð20ÞVisual Examination

(a) Visual examination as defined in para. 100.2 shallbe performed in accordance with the requirementsdescribed inASMEBPVC, Section V, Article 9. Visual exam-inationsmay be conducted, as necessary, during the fabri-cation and erection of piping components to provideverification that the design and WPS requirements arebeing met. In addition, visual examination shall beperformed to verify that all completed welds in pipeand piping components comply with the acceptance stan-dards specified in (b) or with the limitations on imperfec-tions specified in the material specification under whichthe pipe or component was furnished.Records of individual examinations are not required,except for the in-process examination specified inpara. 136.4.7.
(b) Acceptance Standards. The following indicationsare unacceptable:
(1) cracks — external surface.
(2) undercuton the surface that is greater than 1∕32 in.(0.8 mm) deep, or encroaches on the minimum requiredsection thickness.
(3) undercut on the surface of longitudinal buttwelds.
(4) weld reinforcement greater than specified inTable 127.4.2-1.
(5) lack of fusion on surface.
(6) incomplete penetration (applies only wheninside surface is readily accessible).
(7) anyother linear indicationsgreater than 3∕16 in. (5mm) long.
(8) surfaceporositywith rounded indicationshavingdimensions greater than 3∕16 in. (5 mm) or four or morerounded indications separated by 1∕16 in. (1.5 mm) or lessedge to edge in any direction.
(9) arc strikes outside of the weld joint.

ASME B31.1-2020

108



Table 136.4.1-1 ð20ÞMandatory Minimum Nondestructive Examinations for Pressure Welds or Welds to Pressure-Retaining Components

Type of Weld

Piping Design Conditions and Nondestructive Examination
Temperatures Over 750°F

(400°C) and at All Pressures
Temperatures Between 350°F (175°C) and 750°F (400°C) Inclusive,

With All Pressures Over 1,025 psig [7075 kPa (gage)] All OthersButt welds (girth and longitudinal)[Note (1)] Volumetric examination (RT or UT) for overNPS 2 (DN 50). MT or PT for NPS 2 (DN 50)and less [Note (2)] Volumetric examination (RT or UT) for over NPS 2 (DN 50)with thickness over 3∕4 in. (19 mm). VT for all sizes with thickness3∕4 in. (19 mm) or less Visual for all sizesand thicknesses
Welded branch connections (sizeindicated is branch size)[Notes (3) through (5)] Volumetric examination (RT or UT) forover NPS 4 (DN 100). MT or PT for NPS 4(DN 100) and less [Note (2)] Volumetric examination (RT or UT) for branch over NPS 4 (DN 100)and thickness of branch over 3∕4 in. (19 mm)MT or PT for branch NPS 4 (DN 100) and less with thickness ofbranch over 3∕4 in. (19 mm)VT for all sizes with branch thickness 3∕4 in. (19 mm) or less

VT for all sizesand thicknesses
Fillet, socket, attachment, and seal welds PT or MT for all sizes and thicknesses [Note (6)] VT for all sizes and thicknesses VT for all sizesand thicknessesGENERAL NOTES:(a) All welds shall be given a visual examination in addition to the type of specific nondestructive examination specified.(b) NPS = nominal pipe size; DN = diameter nominal.(c) RT = radiographic examination; UT = ultrasonic examination; MT = magnetic particle examination; PT = liquid penetrant examination; VT = visual examination.(d) For nondestructive examinations of the pressure-retaining component, refer to the standards listed in Table 126.1-1 or manufacturing specifications.(e) Acceptance standards for nondestructive examinations performed are as follows: MT— see para. 136.4.3; PT— see para. 136.4.4; VT— see para. 136.4.2; RT— see para. 136.4.5; UT— seepara. 136.4.6.(f) All longitudinalwelds and spiralwelds in pipe intended for sustainedoperation in the creep range (seeparas. 104.1.1 and123.4, andTable 102.4.7-1)must receive andpass a 100%volumetricexamination (RT or UT) per the applicable material specification or in accordance with para. 136.4.5 or 136.4.6.NOTES:(1) The thickness of butt welds is defined as the thicker of the two abutting ends after end preparation.(2) RT may be used as an alternative to PT or MT when it is performed in accordance with para. 136.4.5.(3) Volumetric examination (RT or UT) of branch welds shall be performed before any nonintegral reinforcing material is applied.(4) In lieu of volumetric examination (RT, UT) of welded branch connectionswhen required above, surface examination (PT, MT) is acceptable and, when used, shall be performed at the lesser ofone-half of the weld thickness or each 1∕2 in. (13 mm) of weld thickness and all accessible final weld surfaces.(5) Branch thickness is tnb as defined in para. 127.4.8 and Figures 127.4.8-4 and 127.4.8-5.(6) Filletwelds not exceeding 1∕4 in. (6mm) throat thickness that are used for the permanent attachment of non-pressure-retaining parts are exempt from the PT orMT requirements of this Table.
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136.4.3ð20Þ Magnetic Particle Examination. Wheneverrequired by this Chapter (see Table 136.4.1-1), magneticparticle examination shall be performed in accordancewith the requirements of ASME BPVC, Section V,Article 7.
(a) Evaluation of Indications
(1) Mechanical discontinuities at the surface will beindicated by the retention of the examinationmedium. Allindications are not necessarily defects; however, certainmetallurgical discontinuities and magnetic permeabilityvariations may produce similar indications that are notrelevant to the detection of unacceptable discontinuities.
(2) Any indication that is believed to be nonrelevantshall be reexamined toverifywhetherornot actual defectsare present. Surface conditioning may precede the reex-amination. Nonrelevant indications that wouldmask indi-cations of defects are unacceptable.
(3) Indications whose major dimensions are greaterthan 1∕16 in. (1.5 mm) shall be considered relevant.
(4) An indication of a discontinuity may be largerthan the discontinuity that causes it; however, the sizeof the indication and not the size of the discontinuityis the basis of acceptance or rejection.

(b) Acceptance Standards. Indications whose majordimensions are greater than 1∕16 in. (1.5 mm) shall beconsidered relevant. The following relevant indicationsare unacceptable:
(1) any cracks or linear indications
(2) rounded indications with dimensions greaterthan 3∕16 in. (5 mm)
(3) four or more rounded indications in a line sepa-rated by 1∕16 in. (1.5 mm) or less, edge to edge
(4) ten or more rounded indications in any 6 in.2(3870 mm2) of surface with the major dimension of thisareanot toexceed6 in. (150mm)with thearea taken in themost unfavorable location relative to the indicationsbeingevaluated

136.4.4 ð20ÞLiquid Penetrant Examination. Wheneverrequired by this Chapter (see Table 136.4.1-1), liquidpenetrant examination shall be performed in accordancewith the requirements of ASME BPVC, Section V, Article 6.
(a) Evaluation of Indications
(1) Mechanical discontinuities at the surface will beindicated by bleeding out of the penetrant; however, loca-lized surface imperfections, such as may occur frommachining marks or surface conditions, may producesimilar indications that are nonrelevant to the detectionof unacceptable discontinuities.
(2) Any indication that is believed to be nonrelevantshall be regarded as a defect and shall be reexamined toverify whether or not actual defects are present. Surfaceconditioning may precede the reexamination. Nonrele-vant indications and broad areas of pigmentation thatwould mask indications of defects are unacceptable.
(3) Indications whose major dimensions are greaterthan 1∕16 in. (1.5 mm) shall be considered relevant.
(4) An indication of a discontinuity may be largerthan the discontinuity that causes it; however, the sizeof the indication and not the size of the discontinuityis the basis of acceptance or rejection.

(b) Acceptance Standards. The following relevant indi-cations are unacceptable:
(1) any cracks or linear indications
(2) rounded indications with dimensions greaterthan 3∕16 in. (5 mm)
(3) four or more rounded indications in a line sepa-rated by 1∕16 in. (1.5 mm) or less edge to edge
(4) ten or more rounded indications in any 6 in.2(3870 mm2) of surface with the major dimension of thisareanot toexceed6 in. (150mm)with thearea taken in themost unfavorable location relative to the indicationsbeingevaluated

Table 136.4.1-2 Weld Imperfections Indicated by Various Types of Examination

Imperfection Visual Magnetic Particle Liquid Penetrant Radiography UltrasonicCrack — surface X [Note (1)] X [Note (1)] X [Note (1)] X XCrack — internal … … … X XUndercut — surface X [Note (1)] X [Note (1)] X [Note (1)] X …Weld reinforcement X [Note (1)] … … X …
Porosity X [Notes (1), (2)] X [Notes (1), (2)] X [Notes (1), (2)] X …Slag inclusion X [Note (2)] X [Note (2)] X [Note (2)] X XLack of fusion (on surface) X [Notes (1), (2)] X [Notes (1), (2)] X [Notes (1), (2)] X XIncomplete penetration X [Note (3)] X [Note (3)] X [Note (3)] X XNOTES:(1) Applies when the outside surface is accessible for examination and/or when the inside surface is readily accessible.(2) Discontinuities are detectable when they are open to the surface.(3) Applies only when the inside surface is readily accessible.
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136.4.5ð20Þ Radiography

(a) When required by this Chapter (see Table136.4.1-1), radiographic examination shall be performedin accordance with the requirements of ASME BPVC,Section V, Article 2, except that the requirements of T-274 are to be used as a guide but not for the rejectionof radiographs unless the geometrical unsharpnessexceeds 0.07 in. (2.0 mm).
(b) Acceptance Standards. Welds that are shown byradiography to have any of the following types of discon-tinuities are unacceptable:
(1) any type of crack or zone of incomplete fusion orpenetration
(2) any other elongated indication that has a lengthgreater than
(-a) 1∕4 in. (6 mm) for t up to 3∕4 in. (19 mm), inclu-sive
(-b) 1∕3t for tover 3∕4 in. (19mm) to21∕4 in. (57mm),inclusive
(-c) 3∕4 in. (19mm) for tover21∕4 in. (57mm)where

t is the thickness of the weld being examined. If the weldjoins two members having different thicknesses at theweld, t is the thinner of these two thicknesses.
(3) any group of indications in line that have anaggregate length greater than t in a length of 12t,except where the distance between the successive indica-tions exceeds 6L where L is the longest indication in thegroup
(4) porosity in excess of that shown as acceptable inASME BPVC, Section I, Nonmandatory Appendix A, A-250.
(5) for circumferential groove welds, undercuttingadjacent to the cover pass (EU) or undercutting adjacentto the root pass (IU) shall be considered unacceptableshould either of the following conditions exist:
(-a) the aggregate length of EU and IU, in anycombination, in any continuous 12 in. (300 mm) lengthof weld exceeds 2 in. (50 mm)
(-b) the aggregate length of EU and IU, in anycombination, exceeds one-sixth of the weld length

(6) undercut on the outside (O.D) or inside (I.D.)surface of longitudinal butt welds is unacceptable
(7) root concavity when the density or brightness ofthe root image is darker than the density through the adja-cent base metal. For digital radiography, brightnesscomparison may be used.For the radiography of welds, the area of interest shallinclude theweldandall adjacent areaswithin at least 1∕4 in.(6 mm) from the toe of the weld. Relevant indicationsoutside the area of interest shall be investigated andtheir disposition determined by the owner.For image quality indicator (IQI) selection for weldswith reinforcement, the thickness used shall be eitherthe nominal wall thickness, tn, or the minimum requiredthickness, tm. In either case, the selected thickness shallalso include the allowable combined internal and externalreinforcement thicknesses, as specified inTable127.4.2-1.

136.4.6 ð20ÞUltrasonic Examination. When required bythis Chapter (seeTable 136.4.1-1), ultrasonic examination(UT) shall be performed in accordance with the require-ments of ASME BPVC, Section V, Article 4 and the addi-tional requirements below.
(a) The following criteria shall also be met whenperforming ultrasonic examinations:
(1) The equipment used to perform the examinationshall be capable of recording the UT data to facilitate theanalysis by a third party and for the repeatability of subse-quent examinations, should they be required. Wherephysical obstructions prevent the use of systemscapable of recording the UT data, manual UT may beused with the approval of the owner.
(2) NDE personnel performing and evaluating UTexaminations shall bequalifiedandcertified inaccordancewith their employer’s written practice and the require-ments of para. 136.3.2 of this Code. Personnel, procedures,and equipment used to collect and analyze UT data shallhave demonstrated their ability to perform an acceptableexamination using test blocks approved by the owner.

(b) Acceptance Standards. Welds that are shown byultrasonic examination to have discontinuities thatproduce an indication greater than 20% of the referencelevel shall be investigated to the extent that ultrasonicexamination personnel can determine their shape, iden-tity, and location so that they may evaluate each discon-tinuity for acceptance in accordance with (1) and (2).
(1) Discontinuities evaluated as being cracks, lack offusion, or incomplete penetration are unacceptableregardless of length.
(2) Otherdiscontinuitiesareunacceptable if the indi-cationexceeds the reference level and their lengthexceedsthe following:
(-a) 1∕4 in. (6 mm) for t up to 3∕4 in. (19 mm) inclu-sive.
(-b) 1∕3t for t over 3∕4 in. (19mm) to 21∕4 in. (57mm)inclusive.
(-c) 3∕4 in. (19mm) for tover21∕4 in. (57mm)where

t is the thickness of the weld being examined. If the weldjoins two members having different thicknesses at theweld, t is the thinner of these two thicknesses.
(c) As an alternative to (b)(1) and (b)(2), the fracturemechanics ultrasonic acceptance criteria in MandatoryAppendix Omay be used, provided all of the requirementsof Mandatory Appendix O are met.
136.4.7 ð20ÞIn-Process Examination. When required bythis Chapter, in-process visual examination shall beperformed and/or witnessed by qualified personnelother than those performing the production work. Itshall also be in accordance with para. 136.4.2, whichcomprises examination of the following, as applicable:
(a) joint preparation and cleanliness
(b) preheating
(c) fit-up, joint clearance, and internal alignment priorto joining
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(d) variables specified by the joining procedure,including filler material
(1) for welding: position and electrode
(2) for brazing: position, flux, brazing temperature,proper wetting, and capillary action

(e) forwelding: conditionof the rootpassafter cleaning(external and, where accessible, internal) aided by liquidpenetrant or magnetic particle examination when speci-fied in the engineering design
(f) for welding: slag removal and weld conditionbetween passes
(g) appearance of the finished jointNOTE: The method of examination is visual, in accordance withpara. 136.4.2, unless additional methods are specified in theengineering design.

137 PRESSURE TESTS

137.1 General Requirements

137.1.1 Subassemblies. When conducted in accor-dance with the requirements of this Code, the pressuretesting of piping systems to ensure leak tightness shallbe acceptable for the determination of any leaks inpiping subassemblies.
137.1.2 Temperature of Test Medium. The tempera-ture of the test medium shall be that of the availablesource unless otherwise specified by the owner. Thetest pressure shall not be applied until the system andthe pressurizing medium are approximately at thesame temperature. When conducting pressure tests atlow metal temperatures, the possibility of brittle fractureshall be considered.
137.1.3 Personnel Protection. Suitable precautions inthe event of piping system rupture shall be taken to elim-inate hazards to personnel in the proximity of lines beingtested.
137.1.4 Maximum Stress During Test. At no timeduring the pressure test shall any part of the pipingsystembesubjected toa stressgreater than thatpermittedby para. 102.3.3(b).
137.1.5 Testing Schedule. Pressure testing shall beperformed following the completion of postweld heattreatment required by para. 132, nondestructive exami-nations required by Table 136.4.1-1, and all other fabrica-tion, assembly, and erection activities required to providethe system or portions thereof subjected to the pressuretest with pressure-retaining capability.

137.2 Preparation for Testing

137.2.1 Exposure of Joints. All joints including weldsnot previously pressure tested shall be left uninsulatedand exposed for examination during the test. By prioragreement, the complete system or portions thereof

subject to test may be insulated prior to the testperiod, provided an extended holding time pressurizationof the system is performed to check for possible leakagethrough the insulation barrier.
137.2.2 Addition of Temporary Supports. Pipingsystems designed for vapor or gas shall be providedwith additional temporary supports if necessary tosupport the weight of the test liquid. Such supportsshall meet the requirements for testing and systemcleanup procedures described in para. 122.10.
137.2.3 Restraint or Isolation of Expansion Joints.Expansion joints shall be provided with temporaryrestraint if required for the additional pressure loadunder test, or they shall be isolated during the system test.
137.2.4 Isolation of Equipment and Piping Not

Subjected to Pressure Test. Equipment that is not tobe subjected to the pressure test shall be either discon-nected from the system or isolated by a blank or similarmeans. Valves may be used for this purpose provided thatvalve closure is suitable for the proposed test pressure.The owner shall be aware of the limitations of pressureand temperature for each valve subject to test conditionsand as further described in para. 107.1(c). Isolated equip-ment and piping must be vented.
137.2.5 Treatment of Flanged Joints Containing

Blanks. Flanged joints at which blanks are inserted toblank off other equipment during the test need not betested after removal of the blank provided the require-ments of para. 137.7.1 are subsequently performed.
137.2.6 Precautions Against Test Medium Expansion.If a pressure test is to be maintained for a period of timeduring which the test medium in the system is subject tothermal expansion, precautions shall be taken to avoidexcessive pressure. A pressure relief device set at 11∕3times the test pressure is recommended during the pres-sure test, provided the requirements of paras. 137.1.4,137.4.5, and 137.5.5 are not exceeded.

137.3 Requirements for Specific Piping Systems

137.3.1 Boiler External Piping. Boiler external piping[see para. 100.1.2(a)] shall be hydrostatically tested inaccordance with ASME BPVC, Section I, PG-99. The testshall be conducted in the presence of the AuthorizedInspector.
137.3.2 ð20ÞNonboiler External Piping. All nonboilerexternal piping shall be hydrostatically tested in accor-dance with para. 137.4. As an alternative, when specifiedby the owner, the pipingmay be leak tested in accordancewith para. 137.5, para. 137.6, or para. 137.7. Lines open tothe atmosphere, such as vents or drains downstream ofthe last shutoff valve, need not be tested.
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Where theownerand thedesigner considerbothhydro-static andpneumatic testing impracticable, the alternativespecified in para. 137.8 may be used if both (a) and (b)apply.
(a) A hydrostatic test would
(1) damage lining or internal insulation, or
(2) contaminate a process that would be hazardous,corrosive, or inoperative in the presence of moisture, or
(3) present the danger of brittle fracture due to lowmetal temperature during the test and it is impossible totest at a higher temperature.

(b) A pneumatic test would
(1) present an undue hazard of possible release ofenergy stored in the system and it is impossible toprovide protection for personnel, or
(2) present the danger of brittle fracture due to lowmetal temperature during the test and it is impossible totest at a higher temperature.

137.4 Hydrostatic Testing

137.4.1 Material. When permitted by the materialspecification, a system hydrostatic test may be performedin lieu of the hydrostatic test required by the materialspecifications formaterial used in the piping subassemblyor system, provided the minimum test pressure requiredfor the piping system is met.
137.4.2 Provision of Air Vents at High Points. Ventsshall be provided at all high points of the piping system inthe position in which the test is to be conducted to purgeair pockets while the component or system is filling.Venting during the filling of the system may be providedby the loosening of flanges having aminimumof four boltsor by the use of equipment vents.
137.4.3 Test Medium. Water shall normally be used asthe test medium unless otherwise specified by the owner.Test water shall be clean and shall be of such quality as tominimize corrosion of the materials in the piping system.Further recommended precautions on the quality of testwater used for hydrotesting of austenitic (300 series) andferritic (400 series) stainless steels are contained inNonmandatory Appendix IV, para. IV-3.4.
137.4.4 Check of Test Equipment Before Applying

Pressure. The test equipment shall be examined beforepressure is applied to ensure that it is tightly connected.All low-pressure filling linesandall other itemsnot subjectto the test pressure shall be disconnected or isolated byvalves or other suitable means.
137.4.5 Required Hydrostatic Test Pressure. Thehydrostatic test pressure at any point in the pipingsystemshall not be less than1.5 times thedesignpressure,but shall not exceed themaximumallowable test pressureof any nonisolated components, such as vessels, pumps, orvalves, nor shall it exceed the limits imposed bypara. 102.3.3(b). Thepressure shall be continuouslymain-

tained for a minimum time of 10 min and may then bereduced to the design pressure and held for such timeas may be necessary to conduct the examinations forleakage. Examinations for leakage shall be made of alljoints and connections. The piping system, exclusive ofpossible localized instances at pump or valve packing,shall show no visual evidence of weeping or leaking.
137.4.6 ð20ÞSpecial Provisions for Testing
(a) Piping components and subassemblies may betested either separately or as assembled piping.
(b) Flanged joints used to connect piping componentsand subassemblies that have previously been tested, andflanged joints at which a blank or blind is used to isolateequipment or other piping during a test, need not be leaktested in accordance with para. 137.3.2.
(c) The final welds (closure welds) connecting pipingsystems or components that have been successfully testedin accordance with para. 137 need not be hydrostaticallytested provided the owner and designer agree that theweld not be hydrostatically tested. However, the weldshall be visually examined in accordance with para.136.4.7 and examined volumetrically using 100% radio-graphic examination in accordance with para. 136.4.5 or100% ultrasonic examination in accordance with para.136.4.6.

137.5 Pneumatic Testing

137.5.1 General. Except for preliminary testing inaccordance with para. 137.5.4, pneumatic testing shallnot be used unless the owner specifies pneumatictesting or permits its use as an alternative. It is recom-mended that pneumatic testing be used only when oneof the following conditions exists:
(a) when piping systems are so designed that theycannot be filled with water
(b) when piping systems are to be used in serviceswhere traces of the testing medium cannot be tolerated
137.5.2 Test Medium. The gas used as the test mediumshall be nonflammable and nontoxic. Since compressedgas may be hazardous when used as a testing medium,it is recommended that special precautions for protectionof personnel be observed when a gas under pressure isused as the test medium.
137.5.3 Check of Test Equipment Before Applying

Pressure. The test equipment shall be examined beforepressure is applied to ensure that it is tightly connected.All itemsnot subjected to the test pressure shall be discon-nected or isolated by valves or other suitable means.
137.5.4 Preliminary Test. A preliminary pneumatictest not to exceed 25 psig [175 kPa (gage)] may beapplied, prior to other methods of leak testing, as ameans of locating major leaks. If used, the preliminarypneumatic test shall be performed in accordance withthe requirements of paras. 137.5.2 and 137.5.3.
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137.5.5 Required Pneumatic Test Pressure.The pneu-matic test pressure shall benot less than1.2normore than1.5 times thedesignpressureof thepipingsystem.The testpressure shall not exceed the maximum allowable testpressure of any nonisolated component, such asvessels, pumps, or valves, in the system. The pressurein the system shall gradually be increased to not morethanone-half of the test pressure, afterwhich thepressureshall be increased in steps of approximately one-tenth ofthe test pressure until the required test pressure has beenreached. The pressure shall be continuously maintainedfor a minimum time of 10 min. It shall then be reduced tothe lesser of design pressure or 100 psig [700 kPa (gage)]and held for such time asmay be necessary to conduct theexamination for leakage. Examination for leakagedetected by soap bubble or equivalent method shall bemade of all joints and connections. The piping system,exclusive of possible localized instances at pump orvalve packing, shall show no evidence of leaking.
137.5.6ð20Þ Special Provisions for Testing
(a) Piping components and subassemblies may betested either separately or as assembled piping.
(b) Flanged joints used to connect piping componentsand subassemblies that have previously been tested, andflanged joints at which a blank or blind is used to isolateequipment or other piping during a test, need not be leaktested in accordance with para. 137.3.2.
(c) The final welds (closure welds) connecting pipingsystemsor components that have been successfully testedin accordance with para. 137 need not be pneumaticallytested provided the owner and designer agree that theweld not be pneumatically tested. However, the weldshall be visually examined in accordance with para.136.4.7 and examined volumetrically using 100% radio-graphic examination in accordance with para. 136.4.5 or100% ultrasonic examination in accordance with para.136.4.6.

137.6 Mass-Spectrometer and Halide Testing

137.6.1 When specified by the owner, systems withconditions of operation and design that require testingmethods having a greater degree of sensitivity thancan be obtained by a hydrostatic or pneumatic testshall be tested by amethod, such as heliummass-spectro-meter test or halide test, which has the required sensi-tivity.
137.6.2 When a mass-spectrometer or halide test isperformed, it shall be conducted in accordance withthe instructionsof themanufacturerof the test equipment.In all cases, a calibrated reference leak,with a leak rate notgreater than the maximum permissible leakage from thesystem, shall be used. The equipment shall be calibratedagainst the reference leak in such a way that the systemleakagemeasured by the equipment can be determined tobe not greater than the leak rate of the reference leak.

137.7 Initial Service Testing

137.7.1 When specified by the owner, an initial servicetest and examination is acceptable when other types oftests are not practical or when leak tightness is demon-strable due to the nature of the service. One example ispipingwhereshutoff valvesarenot available for isolatingaline andwhere temporary closures are impractical. Othersmaybesystemswhereduring the courseof checkingoutofpumps, compressors, or other equipment, ample oppor-tunity is afforded for examination for leakage prior to full-scale operation. An initial service test is not applicable toboiler external piping.
137.7.2 When performing an initial service test, thepiping system shall be gradually brought up to normaloperating pressure and continuously held for aminimum time of 10 min. Examination for leakageshall be made of all joints and connections. The pipingsystem exclusive of possible localized instances atpump or valve packing shall show no visual evidenceof weeping or leaking.

137.8 ð20ÞAlternative to Hydrostatic and Pneumatic
TestingThe following procedures may be used only under theconditions stated in para. 137.3.2(a) or para. 137.3.2(b).Welds that must be examined include those used in themanufacture of welded pipe fittings that have not beensubjected to hydrostatic or pneumatic leak tests in accor-dancewithparas. 137.4and137.5, respectively. Theyshallbe examined as follows:

(a) All welds shall be visually examined in accordancewith para. 136.4.7.
(b) Circumferential, longitudinal, and spiral (helicalseam) groovewelds, in addition toweldedbranch connec-tions over NPS 4, shall be 100% radiographed in accor-dancewithpara. 136.4.5 or 100%ultrasonically examinedin accordance with para. 136.4.6.
(c) All welds, including structural attachment welds,not covered in (b), shall beexaminedusing the liquidpene-trant method (para. 136.4.4) or, for magnetic materials,the magnetic particle method (para. 136.4.3).

137.9 Retesting After Repair or Additions

137.9.1 Repairs may be made to the pressure parts ofboiler external piping after the hydrostatic test requiredby para. 137.3.1, provided the requirements of ASMEBPVC, Section I, PW-54.2 are met.
137.9.2 Nonpressure partsmay bewelded to the pres-sure parts of boiler external piping after the hydrostatictest required by para. 137.3.1, provided the requirementsof ASME BPVC, Section I, PW-54.3 are met.
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137.9.3ð20Þ If repairs or additions to nonboiler externalpiping are made following a test, the affected pipingshall be retested in accordance with the provisions ofpara. 137.3.2. However, a system need not be retestedafter seal welding or after attachments of lugs, brackets,insulation supports, nameplates, or other non-pressure-retaining attachments provided
(a) the attachment filletweld does not exceed 3∕8 in. (10mm) thickness or, if a full penetration weld is used, thematerial attached does not exceed the nominal thickness

of the pressure-retaining member or 1∕2 in. (13 mm),whichever is less
(b) welds shall be preheated as required by para. 131
(c) welds shal l be examined as required byTable 136.4.1-1
(d) seal welds shall be examined for leakage aftersystem startup
137.9.4 All weld defect repairs shall be made in accor-dance with para. 127.4.11.
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Chapter VII
Operation and Maintenance

138 GENERALSafety is the overriding concern in design, operation,and maintenance of power piping. Managing safepiping service begins with the initial project conceptand continues throughout the service life of the pipingsystem. The Operating Company is responsible for thesafe operation and maintenance of its power piping.The Code does not prescribe a detailed set of operatingand maintenance procedures that will encompass allcases. Each Operating Company shall develop operationand maintenance procedures for piping systems deemednecessary to ensure safe facility operations based on theprovisions of this Code, relevant industry experience, theOperating Company’s experience and knowledge of itsfacility, and conditions under which the piping systemsare operated. The additional requirements described insubsequent paragraphs apply to covered pipingsystems (CPS). At the owner’s discretion, other pipingsystems may be included.
139 OPERATION AND MAINTENANCE

PROCEDURESFor CPS, this shall be accomplished by the issuance ofwritten operation and maintenance procedures. Theoperation and maintenance procedures established bythe Operating Company for ensuring safe operation ofits CPS may vary, but the following aspects shall becovered:
(a) operation of piping system within design limits
(b) documentation of system operating hours andmodes of operation
(c) documentation of actual operating temperaturesand pressures
(d) documentation of significant system transients orexcursions including thermal hydraulic events (e.g., steamhammers, liquid slugging)
(e) documentation of modifications, repairs, and re-placements, including welding procedures used andNDE results
(f) documentation of maintenance of pipe supports forpiping operating within the creep regime
(g) documentation of maintenance of piping systemelements such as vents, drains, relief valves, desuperhea-ters, and instrumentation necessary for safe operation

(h) assessment of degradation mechanisms, including,but not limited to, creep, fatigue, graphitization, corrosion,erosion, and flow-accelerated corrosion (FAC)
(i) quality of flow medium (e.g., dissolved oxygen, pH)
(j) documentation of the condition assessment (seepara. 140)
(k) other required maintenance

140 CONDITION ASSESSMENT OF CPSAprogramshall beestablished toprovide for theassess-ment and documentation of the condition of all CPS. Thedocumentation shall include a statement as to any actionsnecessary for continued safe operation. A conditionassessment shall be performed at periodic intervals asdetermined by an engineering evaluation.Condition assessments shall be made of CPS based onestablished industry practices. The condition assessmentmay range from a review of previous inspection findingsand operating history since the previous inspection, to athorough nondestructive examination (NDE) and engi-neering evaluation. The extent of the assessmentperformed shall be established by the OperatingCompany or its designee with consideration of the ageof the CPS, the previous documented assessment, andanticipated operating conditions.The CPS condition assessment program shall includeimplementation of weld examination and hanger inspec-tion methods necessary for evaluating the impact of theapplicable material degradation mechanism for the iden-tified piping system.The condition assessment documentation, in a formestablished by the Operating Company, should contain(but not be limited to) as many of the following elementsas available:
(a) system name.
(b) listing of original material specifications and theireditions.
(c) design diameters and wall thicknesses.
(d) design temperature and pressure.
(e) normal operating temperature and pressure.
(f) operating hours, both cumulative (from initialoperation) and since last condition assessment.
(g) actual modes of operation since last conditionassessment (such as the number of hot, warm, andcold starts).
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(h) pipe support hot and cold walkdown readings andconditions since last condition assessment for pipingsystems that are operated within the creep regime.
(i) modifications and repairs since last conditionassessment.
(j) descriptionand list of anydynamic events, includingthermal hydraulic events, since the last condition assess-ment (see Nonmandatory Appendix V, para. V-11 forexamples) that produced visual evidence of distortionor damage. Repetitive dynamic events (with or withoutvisual evidence) should be included when identified byoperators or plant personnel (see para. 146).
(k) actual pipe wall thickness and outside diametermeasurements taken since the last condition assessmentas appropriate based on service.
(l) summary of pipe system inspection findings,including list of areas of concern.
(m) recommendations for reinspection interval andscope.Guidance on condition assessment may be found inNonmandatory Appendix V of this Code.

141 CPS RECORDSThe records identified below, when available, shall bemaintained and accessible for the life of the pipingsystems.
141.1ð20Þ GeneralCovered piping system records shall consist of, but notbe limited to,
(a) any procedures required by para. 139
(b) any condition assessment documentation requiredby para. 140
(c) original, as-built, as-modified, or updated pipingdrawings
(d) original, as-built, as-modified, or updated pipesupport drawings
(e) results from piping stress or flexibility analysis
(f) piping system diagrams [flow, piping and instru-mentation (P&IDs), and/or process diagrams]
(g) valve and other inline equipment data used inoriginal piping design stress analysis
(h) additional documentation requirements as identi-fied in paras. 141.2 through 141.5
(i) details of specially designed components (referto para. 104.7.2), including details of the design, designmethod, dimensions, weight, and materials; details ofthe manufacture, fabrication, and welding; and detailsof the component examinations

141.2 MaterialsThe owner shall establish a material history for eachCPS to the extent necessary to permit evaluation andanalysis of an existing condition. The records listedbelow are to be included in the material history and

be traceable to specific components in a piping system.Additional recordsmay be included as deemed necessary.
(a) procurement documents, including specifications
(b) original service date and original operating param-eters
(c) list of materials, both original and replacement,with system location and material specification
(d) physical and mechanical properties from materialtest reports, including the following as applicable:
(1) Manufacturer’s Material Test Reports or Certifi-cate of Conformance
(2) chemical composition data
(3) impact test data
(4) information regarding special processing, i.e.,welding, postweld heat treatment, mechanical working,bending including postbending heat treatment, etc.

(e) wall thicknesses from construction or maintenancerecords, including design minimum wall requirements
(f) records of alterations or repairs
(g) summary of design requirements
(h) actual operating conditions recorded and main-tained to facilitate creepand fatigue evaluationsof compo-nents
(i) special coatings, linings, or other designs for corro-sion or erosion resistance

141.3 Installation, Modification, and Repair
RecordsRecords for pressure-retaining welds in covered pipingsystems shall include, but not be limited to, the following:

(a) original installation records
(b) repair and modification records
(c) welding procedures and qualification tests
(d) nondestructive examination reports (includingradiographs and digital or electronically stored NDEreports)
(e) heat treatment performed, including time/temperature charts

141.4 Failure AnalysisThe owner is responsible for investigating all failures incovered piping systems. A report of the results of thisinvestigation is to be included in the material historyfile and, as aminimum, contain the following information:
(a) record of any operating or test experience of thefailed components or supports
(b) any previous failure history of the component
(c) any special conditions (corrosion, extraordinaryloads, thermal excursions, etc.) thatmay have contributedto failure
(d) conclusions of damage mechanism and cause offailure

ASME B31.1-2020

117



141.5 Restoration After FailureTheowner is responsible fordocumentingactions takento restore failed components, including
(a) recommendations for actions that are intended tominimize recurrence and documentation of satisfactoryimplementation
(b) recommendations, if any, for similar action thatshould be taken in other piping systems containingsimilar conditions or components

142 PIPING AND PIPE-SUPPORT MAINTENANCE
PROGRAM AND PERSONNEL REQUIREMENTS

142.1 Maintenance ProgramThe maintenance program shall adhere to the require-ments of paras. 138 through 141 and 144. For furtherguidelines regarding the maintenance program, referto Nonmandatory Appendix V, para. V-5.1.
142.2 Personnel

142.2.1 Only qualified personnel shall be responsiblefor executing the maintenance program of the OperatingCompany. For further guidelines regarding typical main-tenance program responsibilities, see NonmandatoryAppendix V, para. V-5.2.
142.2.2 Review of records and failure reports, anddecisions concerning corrective actions or repairs,shall be carried out by or under the direction of qualifiedpersonnel.
142.2.3 Welding and Heat Treatment Personnel

(a) Welders shall be qualified to approved weldingprocedures. Qualification of weld procedures and thequalification performance of the welder shall be in accor-dance with the requirements of para. 127.5.
(b) Qualified personnel shall perform preheat andpostheat treatment operations as described in the re-quirements of paras. 131 and 132.
142.2.4 Examination, Inspection, and Testing Per-

sonnel.Qualified personnel shall perform nondestructiveexaminations (NDE), including visual inspections and leaktests (LT), in accordance with the requirements ofpara. 136.
143ð20Þ REPAIR OF CPSRepairs to CPS shall be performed in accordance withthe ASME B31.1 Code of record used for the originalconstruction or to a later edition of the ASME B31.1Code as agreed on by the owner and the jurisdictionalauthority if applicable.

144 CPS WALKDOWNSThe Operating Company shall develop and implement aprogramrequiringdocumentation of piping support read-ings and recorded piping system displacements. Guide-lines for this program are provided in NonmandatoryAppendix V, para. V-7. Piping system drawings orsketches, including the identification of all supports,and piping support walkdown forms should be used aspart of the hot and coldwalkdowns. The condition assess-ment documentation (on paper or electronic media) shallcomply with para. 140(h).The Operating Company shall evaluate the effects ofunexpected piping position changes, significant vibra-tions, and malfunctioning supports on the pipingsystem’s integrity and safety. Significant displacementvariations from the expected design displacementsshall be considered to assess the piping system’s integrity.Subsequent evaluations and corrective actionsmayneces-sitate activities such as detailed examinations of criticalweldmentsandsupport adjustments, repairs, and replace-ment of individual supports and restraints.
145 ð20ÞMATERIAL DEGRADATION MECHANISMSCreep is stress-, time-, temperature-, and material-dependent plastic deformation under load. Stress allow-ables for materials having time-dependent properties arenoted with italics in Mandatory Appendix A. Materialstress ruptureor creepproperties govern the stress allow-ables within this temperature regime and may be impor-tant in the piping system evaluation.The Operating Company shall develop and implement aprogram requiring data collection and evaluation of high-priority areas for CPS materials operating in the creeprange. Guidelines provided in Nonmandatory AppendixV, para. V-13 may be used for this program, whichmay also include non-CPS piping operating in thecreep regime.Although creep is a common mechanism of materialdegradation for many CPS, other damage mechanismsmay also require consideration by the OperatingCompany. Additional guidance on potential damagemechanisms is provided in Nonmandatory Appendix V,paras. V-12 and V-13, as well as in ASME BPVC,Section II, Part D, Nonmandatory Appendix A; ASMEBPVC, Section III, Nonmandatory Appendix W; and API570.
146 DYNAMIC LOADINGFor those dynamic events identified in para. 140(j),document the following, as appropriate:
(a) date, time, and preceding operating conditions (asavailable)
(b) the nature and location of any damage
(c) the results of any investigation
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(d) the results of any analysis or NDE performed
(e) the acceptability of any effects or any correctiveaction taken, e.g., changes in operating procedure,changes in system design or piping supports andrestraints, and any repairs or replacements

149ð20Þ RERATING PIPING SYSTEMS

149.1 Uprating Piping SystemsA piping system is uprated by increasing the designpressure and/or the design temperature. The pipingsystem uprating may be based on the original Code ofconstruction or a later edition/addenda of that Code,

as long as reconciliation of the differences in the Codesis completed (in accordance with para. 123.1.7). Oncethe specific Code is chosen for the uprating, it shall befollowed in its entirety, taking into consideration thecurrent condition of the piping system and the conditionit is projected to be in at the end of its life. Documents andforms produced in support of uprating shall be preservedfor the service life of the piping system. The owner isresponsible for verifying that the uprated pipingsystem meets all the requirements of the chosen Codeand the jurisdictions. Guidance on some aspects maybe found in Nonmandatory Appendix V, para. V-13.
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MANDATORY APPENDICES

MANDATORY APPENDIX A
ALLOWABLE STRESS TABLES
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Spec.
No. Grade Type or Class

Nominal
Composition

P-
No. Notes

Specified
Minimum
Tensile,
ksi

Specified
Minimum
Yield,
ksi

E
or
F

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature,
°F, Not Exceeding

Grade
Spec.
No.100 200 300 400 500 600 650 700 750 800

Seamless Pipe and Tube Seamless Pipe and TubeA53 A S C 1 (2) 48 30 1.00 13.7 13.7 13.7 13.7 13.7 13.7 13.7 12.5 10.7 9.0 A A53B S C–Mn 1 (2) 60 35 1.00 17.1 17.1 17.1 17.1 17.1 17.1 17.1 15.6 13.0 10.8 BA106 A … C–Si 1 (2) 48 30 1.00 13.7 13.7 13.7 13.7 13.7 13.7 13.7 12.5 10.7 9.3 A A106B … C–Si 1 (2) 60 35 1.00 17.1 17.1 17.1 17.1 17.1 17.1 17.1 15.6 13.0 10.8 BC … C–Si 1 (2) 70 40 1.00 20.0 20.0 20.0 20.0 20.0 20.0 19.8 18.3 14.8 12.0 CA179 … … C 1 (1) (2) (5) (47) 26 1.00 13.4 13.4 13.4 13.4 13.4 13.3 12.8 12.4 10.7 9.2 … A179A192 … … C–Si 1 (2) (5) (47) 26 1.00 13.4 13.4 13.4 13.4 13.4 13.3 12.8 12.4 10.7 9.0 … A192A210 A-1 … C–Si 1 (2) 60 37 1.00 17.1 17.1 17.1 17.1 17.1 17.1 17.1 15.6 13.0 10.8 A-1 A210C … C–Mn–Si 1 (2) 70 40 1.00 20.0 20.0 20.0 20.0 20.0 20.0 19.8 18.3 14.8 12.0 CA333 1 … C–Mn 1 (1) 55 30 1.00 15.7 15.7 15.7 15.7 15.7 15.3 14.8 … … … 1 A3336 … C–Mn–Si 1 … 60 35 1.00 17.1 17.1 17.1 17.1 17.1 17.1 17.1 15.6 … … 6A369 FPA … C–Si 1 (2) 48 30 1.00 13.7 13.7 13.7 13.7 13.7 13.7 13.7 12.5 10.7 9.0 FPA A369FPB … C-Mn 1 (2) 60 35 1.00 17.1 17.1 17.1 17.1 17.1 17.1 17.1 15.6 13.0 10.8 FPBAPI 5L A … C 1 (1) (2) (14) 48 30 1.00 13.7 13.7 13.7 13.7 13.7 13.7 13.7 12.5 10.7 9.0 A API 5LB … C–Mn 1 (1) (2) (14) 60 35 1.00 17.1 17.1 17.1 17.1 17.1 17.1 17.1 15.6 13.0 10.8 B
Furnace Butt Welded Pipe Furnace Butt Welded PipeA53 … F C 1 (4) 48 30 0.60 8.2 8.2 8.2 8.2 8.2 8.2 8.2 7.5 … … … A53
API 5L A25 I & II C 1 (1) (4) (14) 45 25 0.60 7.7 7.7 7.7 7.7 … … … … … … A25 API 5L
Electric Resistance Welded Pipe and Tube Electric Resistance Welded Pipe and TubeA53 A E C 1 (2) 48 30 0.85 11.7 11.7 11.7 11.7 11.7 11.7 11.7 10.6 9.1 7.7 A A53B E C–Mn 1 (2) 60 35 0.85 14.6 14.6 14.6 14.6 14.6 14.6 14.6 13.3 11.1 9.2 B
A135 A … C 1 (1) (2) 48 30 0.85 11.7 11.7 11.7 11.7 11.7 11.7 11.7 10.6 9.1 7.9 A A135B … C–Mn 1 (1) (2) 60 35 0.85 14.6 14.6 14.6 14.6 14.6 14.6 14.6 13.3 11.1 9.2 B
A178 A … C 1 (2) (5) (47) 26 0.85 11.4 11.4 11.4 11.4 11.4 11.3 10.9 10.5 9.1 7.7 A A178C … C 1 (2) 60 37 0.85 14.6 14.6 14.6 14.6 14.6 14.6 14.6 13.3 11.1 9.2 C
A214 … … C 1 (1) (2) (5) (47) 26 0.85 11.4 11.4 11.4 11.4 11.4 11.3 10.9 10.5 9.1 7.8 … A214
A333 1 … C–Mn 1 (1) 55 30 0.85 13.4 13.4 13.4 13.4 13.4 13.0 12.6 … … … 1 A3336 … C–Mn–Si 1 … 60 35 0.85 14.6 14.6 14.6 14.6 14.6 14.6 14.6 13.3 … … 6
API 5L A25 I & II C 1 (1) (14) 45 25 0.85 10.9 10.9 10.9 10.9 … … … … … … A25 API 5LA … C 1 (1) (2) (14) 48 30 0.85 11.7 11.7 11.7 11.7 11.7 11.7 11.7 10.6 9.1 7.7 AB … C–Mn 1 (1) (2) (14) 60 35 0.85 14.6 14.6 14.6 14.6 14.6 14.6 14.6 13.3 11.1 9.2 B
A587 … … C 1 (1) (2) 48 30 0.85 11.7 11.7 11.7 11.7 11.7 11.7 11.7 10.6 9.1 7.8 … A587

Table A-1ð20Þ Carbon Steel
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Spec.
No. Grade Type or Class

Nominal
Composition

P-
No. Notes

Specified
Minimum
Tensile,
ksi

Specified
Minimum
Yield,
ksi

E
or
F

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature,
°F, Not Exceeding

Grade
Spec.
No.100 200 300 400 500 600 650 700 750 800

Seamless Pipe and Tube Seamless Pipe and TubeA53 A S C 1 (2) 48 30 1.00 13.7 13.7 13.7 13.7 13.7 13.7 13.7 12.5 10.7 9.0 A A53B S C–Mn 1 (2) 60 35 1.00 17.1 17.1 17.1 17.1 17.1 17.1 17.1 15.6 13.0 10.8 BA106 A … C–Si 1 (2) 48 30 1.00 13.7 13.7 13.7 13.7 13.7 13.7 13.7 12.5 10.7 9.3 A A106B … C–Si 1 (2) 60 35 1.00 17.1 17.1 17.1 17.1 17.1 17.1 17.1 15.6 13.0 10.8 BC … C–Si 1 (2) 70 40 1.00 20.0 20.0 20.0 20.0 20.0 20.0 19.8 18.3 14.8 12.0 CA179 … … C 1 (1) (2) (5) (47) 26 1.00 13.4 13.4 13.4 13.4 13.4 13.3 12.8 12.4 10.7 9.2 … A179A192 … … C–Si 1 (2) (5) (47) 26 1.00 13.4 13.4 13.4 13.4 13.4 13.3 12.8 12.4 10.7 9.0 … A192A210 A-1 … C–Si 1 (2) 60 37 1.00 17.1 17.1 17.1 17.1 17.1 17.1 17.1 15.6 13.0 10.8 A-1 A210C … C–Mn–Si 1 (2) 70 40 1.00 20.0 20.0 20.0 20.0 20.0 20.0 19.8 18.3 14.8 12.0 CA333 1 … C–Mn 1 (1) 55 30 1.00 15.7 15.7 15.7 15.7 15.7 15.3 14.8 … … … 1 A3336 … C–Mn–Si 1 … 60 35 1.00 17.1 17.1 17.1 17.1 17.1 17.1 17.1 15.6 … … 6A369 FPA … C–Si 1 (2) 48 30 1.00 13.7 13.7 13.7 13.7 13.7 13.7 13.7 12.5 10.7 9.0 FPA A369FPB … C-Mn 1 (2) 60 35 1.00 17.1 17.1 17.1 17.1 17.1 17.1 17.1 15.6 13.0 10.8 FPBAPI 5L A … C 1 (1) (2) (14) 48 30 1.00 13.7 13.7 13.7 13.7 13.7 13.7 13.7 12.5 10.7 9.0 A API 5LB … C–Mn 1 (1) (2) (14) 60 35 1.00 17.1 17.1 17.1 17.1 17.1 17.1 17.1 15.6 13.0 10.8 B
Furnace Butt Welded Pipe Furnace Butt Welded PipeA53 … F C 1 (4) 48 30 0.60 8.2 8.2 8.2 8.2 8.2 8.2 8.2 7.5 … … … A53
API 5L A25 I & II C 1 (1) (4) (14) 45 25 0.60 7.7 7.7 7.7 7.7 … … … … … … A25 API 5L
Electric Resistance Welded Pipe and Tube Electric Resistance Welded Pipe and TubeA53 A E C 1 (2) 48 30 0.85 11.7 11.7 11.7 11.7 11.7 11.7 11.7 10.6 9.1 7.7 A A53B E C–Mn 1 (2) 60 35 0.85 14.6 14.6 14.6 14.6 14.6 14.6 14.6 13.3 11.1 9.2 B
A135 A … C 1 (1) (2) 48 30 0.85 11.7 11.7 11.7 11.7 11.7 11.7 11.7 10.6 9.1 7.9 A A135B … C–Mn 1 (1) (2) 60 35 0.85 14.6 14.6 14.6 14.6 14.6 14.6 14.6 13.3 11.1 9.2 B
A178 A … C 1 (2) (5) (47) 26 0.85 11.4 11.4 11.4 11.4 11.4 11.3 10.9 10.5 9.1 7.7 A A178C … C 1 (2) 60 37 0.85 14.6 14.6 14.6 14.6 14.6 14.6 14.6 13.3 11.1 9.2 C
A214 … … C 1 (1) (2) (5) (47) 26 0.85 11.4 11.4 11.4 11.4 11.4 11.3 10.9 10.5 9.1 7.8 … A214
A333 1 … C–Mn 1 (1) 55 30 0.85 13.4 13.4 13.4 13.4 13.4 13.0 12.6 … … … 1 A3336 … C–Mn–Si 1 … 60 35 0.85 14.6 14.6 14.6 14.6 14.6 14.6 14.6 13.3 … … 6
API 5L A25 I & II C 1 (1) (14) 45 25 0.85 10.9 10.9 10.9 10.9 … … … … … … A25 API 5LA … C 1 (1) (2) (14) 48 30 0.85 11.7 11.7 11.7 11.7 11.7 11.7 11.7 10.6 9.1 7.7 AB … C–Mn 1 (1) (2) (14) 60 35 0.85 14.6 14.6 14.6 14.6 14.6 14.6 14.6 13.3 11.1 9.2 B
A587 … … C 1 (1) (2) 48 30 0.85 11.7 11.7 11.7 11.7 11.7 11.7 11.7 10.6 9.1 7.8 … A587
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Spec.
No. Grade Type or Class

Nominal
Composition

P-
No. Notes

Specified
Minimum
Tensile,
ksi

Specified
Minimum
Yield,
ksi

E
or
F

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature,
°F, Not Exceeding

Grade
Spec.
No.100 200 300 400 500 600 650 700 750 800

Electric Fusion Welded Pipe — Filler Metal Added Electric Fusion Welded Pipe — Filler Metal AddedA134 A283A … C 1 (1) (7) 45 24 0.80 10.3 10.3 10.3 10.3 10.3 9.8 9.5 … … … A283A A134A283B … C 1 (1) (7) 50 27 0.80 11.4 11.4 11.4 11.4 11.4 11.0 10.7 … … … A283BA283C … C 1 (1) (7) 55 30 0.80 12.6 12.6 12.6 12.6 12.6 12.3 11.9 … … … A283CA283D … C 1 (1) (7) 60 33 0.80 13.7 13.7 13.7 13.7 13.7 13.5 13.0 … … … A283D
A134 A285A … C 1 (1) (2) (8) 45 24 0.80 10.3 10.3 10.3 10.3 10.3 9.8 9.5 9.2 8.6 6.6 A285A A134A285B … C 1 (1) (2) (8) 50 27 0.80 11.4 11.4 11.4 11.4 11.4 11.0 10.7 10.0 8.8 6.5 A285BA285C … C 1 (1) (2) (8) 55 30 0.80 12.6 12.6 12.6 12.6 12.6 12.3 11.9 11.5 10.4 8.6 A285C
A139 A … C 1 (1) (2) (14) 48 30 0.80 11.0 11.0 11.0 11.0 11.0 11.0 11.0 10.0 8.6 7.4 A A139B … C–Mn 1 (1) (2) (14) 60 35 0.80 13.7 13.7 13.7 13.7 13.7 13.7 13.7 12.5 10.4 8.6 BAPI 5L A … C 1 (1) (2) (14) 48 30 0.90 12.3 12.3 12.3 12.3 12.3 12.3 12.3 11.3 9.6 8.3 A API 5LB … C–Mn 1 (1) (2) (14) 60 35 0.90 15.4 15.4 15.4 15.4 15.4 15.4 15.4 14.0 11.7 9.7 BA671 CA55 10, 13 C 1 (1) (2) (15) 55 30 0.90 14.1 14.1 14.1 14.1 14.1 13.8 13.3 12.9 11.7 9.7 CA55 A671CA55 11, 12 C 1 (1) (2) (15) 55 30 1.00 15.7 15.7 15.7 15.7 15.7 15.3 14.8 14.3 13.0 10.8 CA55CA55 20, 23, 30, 33 C 1 (1) (2) 55 30 0.90 14.1 14.1 14.1 14.1 14.1 13.8 13.3 12.9 11.7 9.7 CA55CA55 21, 22, 31, 32 C 1 (1) (2) 55 30 1.00 15.7 15.7 15.7 15.7 15.7 15.3 14.8 14.3 13.0 10.8 CA55A671 CB60 10, 13 C–Si 1 (1) (2) (15) 60 32 0.90 15.4 15.4 15.4 15.4 15.4 14.7 14.2 13.7 11.7 9.7 CB60 A671CB60 11, 12 C–Si 1 (1) (2) (15) 60 32 1.00 17.1 17.1 17.1 17.1 17.1 16.4 15.8 15.3 13.0 10.8 CB60CB60 20, 23, 30, 33 C–Si 1 (1) (2) 60 32 0.90 15.4 15.4 15.4 15.4 15.4 14.7 14.2 13.7 11.7 9.7 CB60CB60 21, 22, 31, 32 C–Si 1 (1) (2) 60 32 1.00 17.1 17.1 17.1 17.1 17.1 16.4 15.8 15.3 13.0 10.8 CB60A671 CB65 10, 13 C–Si 1 (1) (2) (15) 65 35 0.90 16.7 16.7 16.7 16.7 16.7 16.1 15.6 15.0 12.5 10.3 CB65 A671CB65 11, 12 C–Si 1 (1) (2) (15) 65 35 1.00 18.6 18.6 18.6 18.6 18.6 17.9 17.3 16.7 13.9 11.4 CB65CB65 20, 23, 30, 33 C–Si 1 (1) (2) 65 35 0.90 16.7 16.7 16.7 16.7 16.7 16.1 15.6 15.0 12.5 10.3 CB65CB65 21, 22, 31, 32 C–Si 1 (1) (2) 65 35 1.00 18.6 18.6 18.6 18.6 18.6 17.9 17.3 16.7 13.9 11.4 CB65A671 CB70 10, 13 C–Si 1 (1) (2) (15) 70 38 0.90 18.0 18.0 18.0 18.0 18.0 17.5 16.9 16.3 13.3 10.8 CB70 A671CB70 11, 12 C–Si 1 (1) (2) (15) 70 38 1.00 20.0 20.0 20.0 20.0 20.0 19.4 18.8 18.1 14.8 12.0 CB70CB70 20, 23, 30, 33 C–Si 1 (1) (2) 70 38 0.90 18.0 18.0 18.0 18.0 18.0 17.5 16.9 16.3 13.3 10.8 CB70CB70 21, 22, 31, 32 C–Si 1 (1) (2) 70 38 1.00 20.0 20.0 20.0 20.0 20.0 19.4 18.8 18.1 14.8 12.0 CB70A671 CC60 10, 13 C–Mn–Si 1 (1) (2) (15) 60 32 0.90 15.4 15.4 15.4 15.4 15.4 14.7 14.2 13.7 11.7 9.7 CC60 A671CC60 11, 12 C–Mn–Si 1 (1) (2) (15) 60 32 1.00 17.1 17.1 17.1 17.1 17.1 16.4 15.8 15.3 13.0 10.8 CC60CC60 20, 23, 30, 33 C–Mn–Si 1 (1) (2) 60 32 0.90 15.4 15.4 15.4 15.4 15.4 14.7 14.2 13.7 11.7 9.7 CC60CC60 21, 22, 31, 32 C–Mn–Si 1 (1) (2) 60 32 1.00 17.1 17.1 17.1 17.1 17.1 16.4 15.8 15.3 13.0 10.8 CC60A671 CC65 10, 13 C–Mn–Si 1 (1) (2) (15) 65 35 0.90 16.7 16.7 16.7 16.7 16.7 16.1 15.6 15.0 12.5 10.3 CC65 A671CC65 11, 12 C–Mn–Si 1 (1) (2) (15) 65 35 1.00 18.6 18.6 18.6 18.6 18.6 17.9 17.3 16.7 13.9 11.4 CC65CC65 20, 23, 30, 33 C–Mn–Si 1 (1) (2) 65 35 0.90 16.7 16.7 16.7 16.7 16.7 16.1 15.6 15.0 12.5 10.3 CC65CC65 21, 22, 31, 32 C–Mn–Si 1 (1) (2) 65 35 1.00 18.6 18.6 18.6 18.6 18.6 17.9 17.3 16.7 13.9 11.4 CC65
A671 CC70 10, 13 C–Mn–Si 1 (1) (2) (15) 70 38 0.90 18.0 18.0 18.0 18.0 18.0 17.5 16.9 16.3 13.3 10.8 CC70 A671CC70 11, 12 C–Mn–Si 1 (1) (2) (15) 70 38 1.00 20.0 20.0 20.0 20.0 20.0 19.4 18.8 18.1 14.8 12.0 CC70CC70 20, 23, 30, 33 C–Mn–Si 1 (1) (2) 70 38 0.90 18.0 18.0 18.0 18.0 18.0 17.5 16.9 16.3 13.3 10.8 CC70CC70 21, 22, 31, 32 C–Mn–Si 1 (1) (2) 70 38 1.00 20.0 20.0 20.0 20.0 20.0 19.4 18.8 18.1 14.8 12.0 CC70
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Spec.
No. Grade Type or Class

Nominal
Composition

P-
No. Notes

Specified
Minimum
Tensile,
ksi

Specified
Minimum
Yield,
ksi

E
or
F

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature,
°F, Not Exceeding

Grade
Spec.
No.100 200 300 400 500 600 650 700 750 800

Electric Fusion Welded Pipe — Filler Metal Added Electric Fusion Welded Pipe — Filler Metal AddedA134 A283A … C 1 (1) (7) 45 24 0.80 10.3 10.3 10.3 10.3 10.3 9.8 9.5 … … … A283A A134A283B … C 1 (1) (7) 50 27 0.80 11.4 11.4 11.4 11.4 11.4 11.0 10.7 … … … A283BA283C … C 1 (1) (7) 55 30 0.80 12.6 12.6 12.6 12.6 12.6 12.3 11.9 … … … A283CA283D … C 1 (1) (7) 60 33 0.80 13.7 13.7 13.7 13.7 13.7 13.5 13.0 … … … A283D
A134 A285A … C 1 (1) (2) (8) 45 24 0.80 10.3 10.3 10.3 10.3 10.3 9.8 9.5 9.2 8.6 6.6 A285A A134A285B … C 1 (1) (2) (8) 50 27 0.80 11.4 11.4 11.4 11.4 11.4 11.0 10.7 10.0 8.8 6.5 A285BA285C … C 1 (1) (2) (8) 55 30 0.80 12.6 12.6 12.6 12.6 12.6 12.3 11.9 11.5 10.4 8.6 A285C
A139 A … C 1 (1) (2) (14) 48 30 0.80 11.0 11.0 11.0 11.0 11.0 11.0 11.0 10.0 8.6 7.4 A A139B … C–Mn 1 (1) (2) (14) 60 35 0.80 13.7 13.7 13.7 13.7 13.7 13.7 13.7 12.5 10.4 8.6 BAPI 5L A … C 1 (1) (2) (14) 48 30 0.90 12.3 12.3 12.3 12.3 12.3 12.3 12.3 11.3 9.6 8.3 A API 5LB … C–Mn 1 (1) (2) (14) 60 35 0.90 15.4 15.4 15.4 15.4 15.4 15.4 15.4 14.0 11.7 9.7 BA671 CA55 10, 13 C 1 (1) (2) (15) 55 30 0.90 14.1 14.1 14.1 14.1 14.1 13.8 13.3 12.9 11.7 9.7 CA55 A671CA55 11, 12 C 1 (1) (2) (15) 55 30 1.00 15.7 15.7 15.7 15.7 15.7 15.3 14.8 14.3 13.0 10.8 CA55CA55 20, 23, 30, 33 C 1 (1) (2) 55 30 0.90 14.1 14.1 14.1 14.1 14.1 13.8 13.3 12.9 11.7 9.7 CA55CA55 21, 22, 31, 32 C 1 (1) (2) 55 30 1.00 15.7 15.7 15.7 15.7 15.7 15.3 14.8 14.3 13.0 10.8 CA55A671 CB60 10, 13 C–Si 1 (1) (2) (15) 60 32 0.90 15.4 15.4 15.4 15.4 15.4 14.7 14.2 13.7 11.7 9.7 CB60 A671CB60 11, 12 C–Si 1 (1) (2) (15) 60 32 1.00 17.1 17.1 17.1 17.1 17.1 16.4 15.8 15.3 13.0 10.8 CB60CB60 20, 23, 30, 33 C–Si 1 (1) (2) 60 32 0.90 15.4 15.4 15.4 15.4 15.4 14.7 14.2 13.7 11.7 9.7 CB60CB60 21, 22, 31, 32 C–Si 1 (1) (2) 60 32 1.00 17.1 17.1 17.1 17.1 17.1 16.4 15.8 15.3 13.0 10.8 CB60A671 CB65 10, 13 C–Si 1 (1) (2) (15) 65 35 0.90 16.7 16.7 16.7 16.7 16.7 16.1 15.6 15.0 12.5 10.3 CB65 A671CB65 11, 12 C–Si 1 (1) (2) (15) 65 35 1.00 18.6 18.6 18.6 18.6 18.6 17.9 17.3 16.7 13.9 11.4 CB65CB65 20, 23, 30, 33 C–Si 1 (1) (2) 65 35 0.90 16.7 16.7 16.7 16.7 16.7 16.1 15.6 15.0 12.5 10.3 CB65CB65 21, 22, 31, 32 C–Si 1 (1) (2) 65 35 1.00 18.6 18.6 18.6 18.6 18.6 17.9 17.3 16.7 13.9 11.4 CB65A671 CB70 10, 13 C–Si 1 (1) (2) (15) 70 38 0.90 18.0 18.0 18.0 18.0 18.0 17.5 16.9 16.3 13.3 10.8 CB70 A671CB70 11, 12 C–Si 1 (1) (2) (15) 70 38 1.00 20.0 20.0 20.0 20.0 20.0 19.4 18.8 18.1 14.8 12.0 CB70CB70 20, 23, 30, 33 C–Si 1 (1) (2) 70 38 0.90 18.0 18.0 18.0 18.0 18.0 17.5 16.9 16.3 13.3 10.8 CB70CB70 21, 22, 31, 32 C–Si 1 (1) (2) 70 38 1.00 20.0 20.0 20.0 20.0 20.0 19.4 18.8 18.1 14.8 12.0 CB70A671 CC60 10, 13 C–Mn–Si 1 (1) (2) (15) 60 32 0.90 15.4 15.4 15.4 15.4 15.4 14.7 14.2 13.7 11.7 9.7 CC60 A671CC60 11, 12 C–Mn–Si 1 (1) (2) (15) 60 32 1.00 17.1 17.1 17.1 17.1 17.1 16.4 15.8 15.3 13.0 10.8 CC60CC60 20, 23, 30, 33 C–Mn–Si 1 (1) (2) 60 32 0.90 15.4 15.4 15.4 15.4 15.4 14.7 14.2 13.7 11.7 9.7 CC60CC60 21, 22, 31, 32 C–Mn–Si 1 (1) (2) 60 32 1.00 17.1 17.1 17.1 17.1 17.1 16.4 15.8 15.3 13.0 10.8 CC60A671 CC65 10, 13 C–Mn–Si 1 (1) (2) (15) 65 35 0.90 16.7 16.7 16.7 16.7 16.7 16.1 15.6 15.0 12.5 10.3 CC65 A671CC65 11, 12 C–Mn–Si 1 (1) (2) (15) 65 35 1.00 18.6 18.6 18.6 18.6 18.6 17.9 17.3 16.7 13.9 11.4 CC65CC65 20, 23, 30, 33 C–Mn–Si 1 (1) (2) 65 35 0.90 16.7 16.7 16.7 16.7 16.7 16.1 15.6 15.0 12.5 10.3 CC65CC65 21, 22, 31, 32 C–Mn–Si 1 (1) (2) 65 35 1.00 18.6 18.6 18.6 18.6 18.6 17.9 17.3 16.7 13.9 11.4 CC65
A671 CC70 10, 13 C–Mn–Si 1 (1) (2) (15) 70 38 0.90 18.0 18.0 18.0 18.0 18.0 17.5 16.9 16.3 13.3 10.8 CC70 A671CC70 11, 12 C–Mn–Si 1 (1) (2) (15) 70 38 1.00 20.0 20.0 20.0 20.0 20.0 19.4 18.8 18.1 14.8 12.0 CC70CC70 20, 23, 30, 33 C–Mn–Si 1 (1) (2) 70 38 0.90 18.0 18.0 18.0 18.0 18.0 17.5 16.9 16.3 13.3 10.8 CC70CC70 21, 22, 31, 32 C–Mn–Si 1 (1) (2) 70 38 1.00 20.0 20.0 20.0 20.0 20.0 19.4 18.8 18.1 14.8 12.0 CC70
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Spec.
No. Grade Type or Class

Nominal
Composition

P-
No. Notes

Specified
Minimum
Tensile,
ksi

Specified
Minimum
Yield,
ksi

E
or
F

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature,
°F, Not Exceeding

Grade
Spec.
No.100 200 300 400 500 600 650 700 750 800

Electric Fusion Welded Pipe — Filler Metal Added (Cont’d) Electric Fusion Welded Pipe — Filler Metal Added (Cont’d)A671 CK75 10, 13 C–Mn–Si 1 (1) (2) (15) 75 42 0.90 19.3 19.3 19.3 19.3 19.3 19.3 18.7 17.6 14.1 11.3 CK75 A671CK75 11, 12 C–Mn–Si 1 (1) (2) (15) 75 42 1.00 21.4 21.4 21.4 21.4 21.4 21.4 20.8 19.6 15.7 12.6 CK75CK75 20, 23, 30, 33 C–Mn–Si 1 (1) (2) 75 40 0.90 19.3 19.3 19.3 19.3 19.3 18.4 17.8 17.2 14.1 11.3 CK75CK75 21, 22, 31, 32 C–Mn–Si 1 (1) (2) 75 40 1.00 21.4 21.4 21.4 21.4 21.4 20.4 19.8 19.1 15.7 12.6 CK75A671 CD70 10, 13 C–Mn–Si 1 (1) (2) (15) 70 50 0.90 18.0 18.0 17.7 17.6 17.6 17.6 17.6 … … … CD70 A671CD70 11, 12 C–Mn–Si 1 (1) (2) (15) 70 50 1.00 20.0 20.0 19.7 19.5 19.5 19.5 19.5 … … … CD70CD70 20, 23, 30, 33 C–Mn–Si 1 (1) (3) 70 50 0.90 18.0 18.0 17.7 17.6 17.6 17.6 17.6 … … … CD70CD70 21, 22, 31, 32 C–Mn–Si 1 (1) (3) 70 50 1.00 20.0 20.0 19.7 19.5 19.5 19.5 19.5 … … … CD70A671 CD80 10, 13 C–Mn–Si 1 (1) (15) 80 60 0.90 20.6 20.6 20.3 20.1 20.1 20.1 20.1 … … … CD80 A671CD80 11, 12 C–Mn–Si 1 (1) (15) 80 60 1.00 22.9 22.9 22.6 22.3 22.3 22.3 22.3 … … … CD80CD80 20, 23 C–Mn–Si 1 (1) (3) 80 60 0.90 20.6 20.6 20.3 20.1 20.1 20.1 20.1 … … … CD80CD80 21, 22 C–Mn–Si 1 (1) (3) 80 60 1.00 22.9 22.9 22.6 22.3 22.3 22.3 22.3 … … … CD80A672 A45 10, 13 C 1 (1) (2) (15) 45 24 0.90 11.6 11.6 11.6 11.6 11.6 11.0 10.7 10.3 9.6 8.1 A45 A672A45 11, 12 C 1 (1) (2) (15) 45 24 1.00 12.9 12.9 12.9 12.9 12.9 12.3 11.9 11.5 10.7 9.0 A45A45 20, 23, 30, 33 C 1 (1) (2) 45 24 0.90 11.6 11.6 11.6 11.6 11.6 11.0 10.7 10.3 9.6 8.1 A45A45 21, 22, 31, 32 C 1 (1) (2) 45 24 1.00 12.9 12.9 12.9 12.9 12.9 12.3 11.9 11.5 10.7 9.0 A45A672 A50 10, 13 C 1 (1) (2) (15) 50 27 0.90 12.9 12.9 12.9 12.9 12.9 12.4 12.0 11.3 10.1 8.6 A50 A672A50 11, 12 C 1 (1) (2) (15) 50 27 1.00 14.3 14.3 14.3 14.3 14.3 13.8 13.3 12.5 11.2 9.6 A50A50 20, 23, 30, 33 C 1 (1) (2) 50 27 0.90 12.9 12.9 12.9 12.9 12.9 12.4 12.0 11.3 10.1 8.6 A50A50 21, 22, 31, 32 C 1 (1) (2) 50 27 1.00 14.3 14.3 14.3 14.3 14.3 13.8 13.3 12.5 11.2 9.6 A50A672 A55 10, 13 C 1 (1) (2) (15) 55 30 0.90 14.1 14.1 14.1 14.1 14.1 13.8 13.3 12.9 10.9 9.2 A55 A672A55 11, 12 C 1 (1) (2) (15) 55 30 1.00 15.7 15.7 15.7 15.7 15.7 15.3 14.8 14.3 12.1 10.2 A55A55 20, 23, 30, 33 C 1 (1) (2) 55 30 0.90 14.1 14.1 14.1 14.1 14.1 13.8 13.3 12.9 10.9 9.2 A55A55 21, 22, 31, 32 C 1 (1) (2) 55 30 1.00 15.7 15.7 15.7 15.7 15.7 15.3 14.8 14.3 12.1 10.2 A55A672 B55 10, 13 C 1 (1) (2) (15) 55 30 0.90 14.1 14.1 14.1 14.1 14.1 13.8 13.3 12.9 10.9 9.2 B55 A672B55 11, 12 C 1 (1) (2) (15) 55 30 1.00 15.7 15.7 15.7 15.7 15.7 15.3 14.8 14.3 12.1 10.2 B55B55 20, 23, 30, 33 C 1 (1) (2) 55 30 0.90 14.1 14.1 14.1 14.1 14.1 13.8 13.3 12.9 10.9 9.2 B55B55 21, 22, 31, 32 C 1 (1) (2) 55 30 1.00 15.7 15.7 15.7 15.7 15.7 15.3 14.8 14.3 12.1 10.2 B55A672 B60 10, 13 C 1 (1) (2) (15) 60 32 0.90 15.4 15.4 15.4 15.4 15.4 14.7 14.2 13.7 11.7 9.7 B60 A672B60 11, 12 C 1 (1) (2) (15) 60 32 1.00 17.1 17.1 17.1 17.1 17.1 16.4 15.8 15.3 13.0 10.8 B60B60 20, 23, 30, 33 C 1 (1) (2) 60 32 0.90 15.4 15.4 15.4 15.4 15.4 14.7 14.2 13.7 11.7 9.7 B60B60 21, 22, 31, 32 C 1 (1) (2) 60 32 1.00 17.1 17.1 17.1 17.1 17.1 16.4 15.8 15.3 13.0 10.8 B60A672 B65 10, 13 C 1 (1) (2) (15) 65 35 0.90 16.7 16.7 16.7 16.7 16.7 16.1 15.6 15.0 12.5 10.3 B65 A672B65 11, 12 C 1 (1) (2) (15) 65 35 1.00 18.6 18.6 18.6 18.6 18.6 17.9 17.3 16.7 13.9 11.4 B65B65 20, 23, 30, 33 C 1 (1) (2) 65 35 0.90 16.7 16.7 16.7 16.7 16.7 16.1 15.6 15.0 12.5 10.3 B65B65 21, 22, 31, 32 C 1 (1) (2) 65 35 1.00 18.6 18.6 18.6 18.6 18.6 17.9 17.3 16.7 13.9 11.4 B65A672 B70 10, 13 C 1 (1) (2) (15) 70 38 0.90 18.0 18.0 18.0 18.0 18.0 17.5 16.9 16.3 13.3 10.8 B70 A672B70 11, 12 C 1 (1) (2) (15) 70 38 1.00 20.0 20.0 20.0 20.0 20.0 19.4 18.8 18.1 14.8 12.0 B70B70 20, 23, 30, 33 C 1 (1) (2) 70 38 0.90 18.0 18.0 18.0 18.0 18.0 17.5 16.9 16.3 13.3 10.8 B70B70 21, 22, 31, 32 C 1 (1) (2) 70 38 1.00 20.0 20.0 20.0 20.0 20.0 19.4 18.8 18.1 14.8 12.0 B70
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Spec.
No. Grade Type or Class

Nominal
Composition

P-
No. Notes

Specified
Minimum
Tensile,
ksi

Specified
Minimum
Yield,
ksi

E
or
F

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature,
°F, Not Exceeding

Grade
Spec.
No.100 200 300 400 500 600 650 700 750 800

Electric Fusion Welded Pipe — Filler Metal Added Electric Fusion Welded Pipe — Filler Metal Added (Cont’d)A671 CK75 10, 13 C–Mn–Si 1 (1) (2) (15) 75 42 0.90 19.3 19.3 19.3 19.3 19.3 19.3 18.7 17.6 14.1 11.3 CK75 A671CK75 11, 12 C–Mn–Si 1 (1) (2) (15) 75 42 1.00 21.4 21.4 21.4 21.4 21.4 21.4 20.8 19.6 15.7 12.6 CK75CK75 20, 23, 30, 33 C–Mn–Si 1 (1) (2) 75 40 0.90 19.3 19.3 19.3 19.3 19.3 18.4 17.8 17.2 14.1 11.3 CK75CK75 21, 22, 31, 32 C–Mn–Si 1 (1) (2) 75 40 1.00 21.4 21.4 21.4 21.4 21.4 20.4 19.8 19.1 15.7 12.6 CK75A671 CD70 10, 13 C–Mn–Si 1 (1) (2) (15) 70 50 0.90 18.0 18.0 17.7 17.6 17.6 17.6 17.6 … … … CD70 A671CD70 11, 12 C–Mn–Si 1 (1) (2) (15) 70 50 1.00 20.0 20.0 19.7 19.5 19.5 19.5 19.5 … … … CD70CD70 20, 23, 30, 33 C–Mn–Si 1 (1) (3) 70 50 0.90 18.0 18.0 17.7 17.6 17.6 17.6 17.6 … … … CD70CD70 21, 22, 31, 32 C–Mn–Si 1 (1) (3) 70 50 1.00 20.0 20.0 19.7 19.5 19.5 19.5 19.5 … … … CD70A671 CD80 10, 13 C–Mn–Si 1 (1) (15) 80 60 0.90 20.6 20.6 20.3 20.1 20.1 20.1 20.1 … … … CD80 A671CD80 11, 12 C–Mn–Si 1 (1) (15) 80 60 1.00 22.9 22.9 22.6 22.3 22.3 22.3 22.3 … … … CD80CD80 20, 23 C–Mn–Si 1 (1) (3) 80 60 0.90 20.6 20.6 20.3 20.1 20.1 20.1 20.1 … … … CD80CD80 21, 22 C–Mn–Si 1 (1) (3) 80 60 1.00 22.9 22.9 22.6 22.3 22.3 22.3 22.3 … … … CD80A672 A45 10, 13 C 1 (1) (2) (15) 45 24 0.90 11.6 11.6 11.6 11.6 11.6 11.0 10.7 10.3 9.6 8.1 A45 A672A45 11, 12 C 1 (1) (2) (15) 45 24 1.00 12.9 12.9 12.9 12.9 12.9 12.3 11.9 11.5 10.7 9.0 A45A45 20, 23, 30, 33 C 1 (1) (2) 45 24 0.90 11.6 11.6 11.6 11.6 11.6 11.0 10.7 10.3 9.6 8.1 A45A45 21, 22, 31, 32 C 1 (1) (2) 45 24 1.00 12.9 12.9 12.9 12.9 12.9 12.3 11.9 11.5 10.7 9.0 A45A672 A50 10, 13 C 1 (1) (2) (15) 50 27 0.90 12.9 12.9 12.9 12.9 12.9 12.4 12.0 11.3 10.1 8.6 A50 A672A50 11, 12 C 1 (1) (2) (15) 50 27 1.00 14.3 14.3 14.3 14.3 14.3 13.8 13.3 12.5 11.2 9.6 A50A50 20, 23, 30, 33 C 1 (1) (2) 50 27 0.90 12.9 12.9 12.9 12.9 12.9 12.4 12.0 11.3 10.1 8.6 A50A50 21, 22, 31, 32 C 1 (1) (2) 50 27 1.00 14.3 14.3 14.3 14.3 14.3 13.8 13.3 12.5 11.2 9.6 A50A672 A55 10, 13 C 1 (1) (2) (15) 55 30 0.90 14.1 14.1 14.1 14.1 14.1 13.8 13.3 12.9 10.9 9.2 A55 A672A55 11, 12 C 1 (1) (2) (15) 55 30 1.00 15.7 15.7 15.7 15.7 15.7 15.3 14.8 14.3 12.1 10.2 A55A55 20, 23, 30, 33 C 1 (1) (2) 55 30 0.90 14.1 14.1 14.1 14.1 14.1 13.8 13.3 12.9 10.9 9.2 A55A55 21, 22, 31, 32 C 1 (1) (2) 55 30 1.00 15.7 15.7 15.7 15.7 15.7 15.3 14.8 14.3 12.1 10.2 A55A672 B55 10, 13 C 1 (1) (2) (15) 55 30 0.90 14.1 14.1 14.1 14.1 14.1 13.8 13.3 12.9 10.9 9.2 B55 A672B55 11, 12 C 1 (1) (2) (15) 55 30 1.00 15.7 15.7 15.7 15.7 15.7 15.3 14.8 14.3 12.1 10.2 B55B55 20, 23, 30, 33 C 1 (1) (2) 55 30 0.90 14.1 14.1 14.1 14.1 14.1 13.8 13.3 12.9 10.9 9.2 B55B55 21, 22, 31, 32 C 1 (1) (2) 55 30 1.00 15.7 15.7 15.7 15.7 15.7 15.3 14.8 14.3 12.1 10.2 B55A672 B60 10, 13 C 1 (1) (2) (15) 60 32 0.90 15.4 15.4 15.4 15.4 15.4 14.7 14.2 13.7 11.7 9.7 B60 A672B60 11, 12 C 1 (1) (2) (15) 60 32 1.00 17.1 17.1 17.1 17.1 17.1 16.4 15.8 15.3 13.0 10.8 B60B60 20, 23, 30, 33 C 1 (1) (2) 60 32 0.90 15.4 15.4 15.4 15.4 15.4 14.7 14.2 13.7 11.7 9.7 B60B60 21, 22, 31, 32 C 1 (1) (2) 60 32 1.00 17.1 17.1 17.1 17.1 17.1 16.4 15.8 15.3 13.0 10.8 B60A672 B65 10, 13 C 1 (1) (2) (15) 65 35 0.90 16.7 16.7 16.7 16.7 16.7 16.1 15.6 15.0 12.5 10.3 B65 A672B65 11, 12 C 1 (1) (2) (15) 65 35 1.00 18.6 18.6 18.6 18.6 18.6 17.9 17.3 16.7 13.9 11.4 B65B65 20, 23, 30, 33 C 1 (1) (2) 65 35 0.90 16.7 16.7 16.7 16.7 16.7 16.1 15.6 15.0 12.5 10.3 B65B65 21, 22, 31, 32 C 1 (1) (2) 65 35 1.00 18.6 18.6 18.6 18.6 18.6 17.9 17.3 16.7 13.9 11.4 B65A672 B70 10, 13 C 1 (1) (2) (15) 70 38 0.90 18.0 18.0 18.0 18.0 18.0 17.5 16.9 16.3 13.3 10.8 B70 A672B70 11, 12 C 1 (1) (2) (15) 70 38 1.00 20.0 20.0 20.0 20.0 20.0 19.4 18.8 18.1 14.8 12.0 B70B70 20, 23, 30, 33 C 1 (1) (2) 70 38 0.90 18.0 18.0 18.0 18.0 18.0 17.5 16.9 16.3 13.3 10.8 B70B70 21, 22, 31, 32 C 1 (1) (2) 70 38 1.00 20.0 20.0 20.0 20.0 20.0 19.4 18.8 18.1 14.8 12.0 B70
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Spec.
No. Grade Type or Class

Nominal
Composition

P-
No. Notes

Specified
Minimum
Tensile,
ksi

Specified
Minimum
Yield,
ksi

E
or
F

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature,
°F, Not Exceeding

Grade
Spec.
No.100 200 300 400 500 600 650 700 750 800

Electric Fusion Welded Pipe — Filler Metal Added (Cont’d) Electric Fusion Welded Pipe — Filler Metal Added (Cont’d)A672 C55 10, 13 C 1 (1) (2) (15) 55 30 0.90 14.1 14.1 14.1 14.1 14.1 13.8 13.3 12.9 10.9 9.2 C55 A672C55 11, 12 C 1 (1) (2) (15) 55 30 1.00 15.7 15.7 15.7 15.7 15.7 15.3 14.8 14.3 12.1 10.2 C55C55 20, 23, 30, 33 C 1 (1) (2) 55 30 0.90 14.1 14.1 14.1 14.1 14.1 13.8 13.3 12.9 10.9 9.2 C55C55 21, 22, 31, 32 C 1 (1) (2) 55 30 1.00 15.7 15.7 15.7 15.7 15.7 15.3 14.8 14.3 12.1 10.2 C55
A672 C60 10, 13 C 1 (1) (2) (15) 60 32 0.90 15.4 15.4 15.4 15.4 15.4 14.7 14.2 13.7 11.7 9.7 C60 A672C60 11, 12 C 1 (1) (2) (15) 60 32 1.00 17.1 17.1 17.1 17.1 17.1 16.4 15.8 15.3 13.0 10.8 C60C60 20, 23, 30, 33 C 1 (1) (2) 60 32 0.90 15.4 15.4 15.4 15.4 15.4 14.7 14.2 13.7 11.7 9.7 C60C60 21, 22, 31, 32 C 1 (1) (2) 60 32 1.00 17.1 17.1 17.1 17.1 17.1 16.4 15.8 15.3 13.0 10.8 C60A672 C65 10, 13 C 1 (1) (2) (15) 65 35 0.90 16.7 16.7 16.7 16.7 16.7 16.1 15.6 15.0 12.5 10.3 C65 A672C65 11, 12 C 1 (1) (2) (15) 65 35 1.00 18.6 18.6 18.6 18.6 18.6 17.9 17.3 16.7 13.9 11.4 C65C65 20, 23, 30, 33 C 1 (1) (2) 65 35 0.90 16.7 16.7 16.7 16.7 16.7 16.1 15.6 15.0 12.5 10.3 C65C65 21 22, 31, 32 C 1 (1) (2) 65 35 1.00 18.6 18.6 18.6 18.6 18.6 17.9 17.3 16.7 13.9 11.4 C65A672 C70 10, 13 C 1 (1) (2) (15) 70 38 0.90 18.0 18.0 18.0 18.0 18.0 17.5 16.9 16.3 13.3 10.8 C70 A672C70 11, 12 C 1 (1) (2) (15) 70 38 1.00 20.0 20.0 20.0 20.0 20.0 19.4 18.8 18.1 14.8 12.0 C70C70 20, 23, 30, 33 C 1 (1) (2) 70 38 0.90 18.0 18.0 18.0 18.0 18.0 17.5 16.9 16.3 13.3 10.8 C70C70 21, 22, 31, 32 C 1 (1) (2) 70 38 1.00 20.0 20.0 20.0 20.0 20.0 19.4 18.8 18.1 14.8 12.0 C70A672 D70 10, 13 C–Mn–Si 1 (1) (15) 70 50 0.90 18.0 18.0 17.7 17.6 17.6 17.6 17.6 … … … D70 A672D70 11, 12 C–Mn–Si 1 (1) (15) 70 50 1.00 20.0 20.0 19.7 19.5 19.5 19.5 19.5 … … … D70D70 20, 23, 30, 33 C–Mn–Si 1 (1) (3) 70 50 0.90 18.0 18.0 17.7 17.6 17.6 17.6 17.6 … … … D70D70 21, 22, 31, 32 C–Mn–Si 1 (1) (3) 70 50 1.00 20.0 20.0 19.7 19.5 19.5 19.5 19.5 … … … D70A672 D80 10, 13 C–Mn–Si 1 (1) (15) 80 60 0.90 20.6 20.6 20.3 20.1 20.1 20.1 20.1 … … … D80 A672D80 11, 12 C–Mn–Si 1 (1) (15) 80 60 1.00 22.9 22.9 22.6 22.3 22.3 22.3 22.3 … … … D80D80 20, 23 C–Mn–Si 1 (1) (3) 80 60 0.90 20.6 20.6 20.3 20.1 20.1 20.1 20.1 … … … D80D80 21, 22 C–Mn–Si 1 (1) (3) 80 60 1.00 22.9 22.9 22.6 22.3 22.3 22.3 22.3 … … … D80A672 N75 10, 13 C–Mn–Si 1 (1) (2) (15) 75 42 0.90 19.3 19.3 19.3 19.3 19.3 18.4 17.8 17.2 14.1 11.3 N75 A672N75 11, 12 C–Mn–Si 1 (1) (2) (15) 75 42 1.00 21.4 21.4 21.4 21.4 21.4 20.4 19.8 19.1 15.7 12.6 N75N75 20, 23, 30, 33 C–Mn–Si 1 (1) (2) 75 40 0.90 19.3 19.3 19.3 19.3 19.3 18.4 17.8 17.2 14.1 11.3 N75N75 21, 22, 31, 32 C–Mn–Si 1 (1) (2) 75 40 1.00 21.4 21.4 21.4 21.4 21.4 20.4 19.8 19.1 15.7 12.6 N75A691 CMSH-70 10, 13 C–Mn–Si 1 (1) (15) 70 50 0.90 18.0 18.0 17.7 17.6 17.6 17.6 17.6 … … … CMSH-70 A691CMSH-70 11, 12 C–Mn–Si 1 (1) (15) 70 50 1.00 20.0 20.0 19.7 19.5 19.5 19.5 19.5 … … … CMSH-70CMSH-70 20, 23, 30, 33 C–Mn–Si 1 (1) (3) 70 50 0.90 18.0 18.0 17.7 17.6 17.6 17.6 17.6 … … … CMSH-70CMSH-70 21, 22, 31, 32 C–Mn–Si 1 (1) (3) 70 50 1.00 20.0 20.0 19.7 19.5 19.5 19.5 19.5 … … … CMSH-70A691 CMSH-80 10, 13 C–Mn–Si 1 (1) (15) 80 60 0.90 20.6 20.6 20.3 20.1 20.1 20.1 20.1 … … … CMSH-80 A691CMSH-80 11, 12 C–Mn–Si 1 (1) (15) 80 60 1.00 22.9 22.9 22.6 22.3 22.3 22.3 22.3 … … … CMSH-80CMSH-80 20, 23 C–Mn–Si 1 (1) (3) 80 60 0.90 20.6 20.6 20.3 20.1 20.1 20.1 20.1 … … … CMSH-80CMSH-80 21, 22 C–Mn–Si 1 (1) (3) 80 60 1.00 22.9 22.9 22.6 22.3 22.3 22.3 22.3 … … … CMSH-80A691 CMS-75 10, 13 C–Mn–Si 1 (1) (2) (15) 75 42 0.90 19.3 19.3 19.3 19.3 19.3 18.4 17.8 17.2 14.1 11.3 CMS-75 A691CMS-75 11, 12 C–Mn–Si 1 (1) (2) (15) 75 42 1.00 21.4 21.4 21.4 21.4 21.4 20.4 19.8 19.1 15.7 12.6 CMS-75CMS-75 20, 23, 30, 33 C–Mn–Si 1 (1) (2) 75 40 0.90 19.3 19.3 19.3 19.3 19.3 18.4 17.8 17.2 14.1 11.3 CMS-75CMS-75 21, 22, 31, 32 C–Mn–Si 1 (1) (2) 75 40 1.00 21.4 21.4 21.4 21.4 21.4 20.4 19.8 19.1 15.7 12.6 CMS-75
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Spec.
No. Grade Type or Class

Nominal
Composition

P-
No. Notes

Specified
Minimum
Tensile,
ksi

Specified
Minimum
Yield,
ksi

E
or
F

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature,
°F, Not Exceeding

Grade
Spec.
No.100 200 300 400 500 600 650 700 750 800

Electric Fusion Welded Pipe — Filler Metal Added Electric Fusion Welded Pipe — Filler Metal Added (Cont’d)A672 C55 10, 13 C 1 (1) (2) (15) 55 30 0.90 14.1 14.1 14.1 14.1 14.1 13.8 13.3 12.9 10.9 9.2 C55 A672C55 11, 12 C 1 (1) (2) (15) 55 30 1.00 15.7 15.7 15.7 15.7 15.7 15.3 14.8 14.3 12.1 10.2 C55C55 20, 23, 30, 33 C 1 (1) (2) 55 30 0.90 14.1 14.1 14.1 14.1 14.1 13.8 13.3 12.9 10.9 9.2 C55C55 21, 22, 31, 32 C 1 (1) (2) 55 30 1.00 15.7 15.7 15.7 15.7 15.7 15.3 14.8 14.3 12.1 10.2 C55
A672 C60 10, 13 C 1 (1) (2) (15) 60 32 0.90 15.4 15.4 15.4 15.4 15.4 14.7 14.2 13.7 11.7 9.7 C60 A672C60 11, 12 C 1 (1) (2) (15) 60 32 1.00 17.1 17.1 17.1 17.1 17.1 16.4 15.8 15.3 13.0 10.8 C60C60 20, 23, 30, 33 C 1 (1) (2) 60 32 0.90 15.4 15.4 15.4 15.4 15.4 14.7 14.2 13.7 11.7 9.7 C60C60 21, 22, 31, 32 C 1 (1) (2) 60 32 1.00 17.1 17.1 17.1 17.1 17.1 16.4 15.8 15.3 13.0 10.8 C60A672 C65 10, 13 C 1 (1) (2) (15) 65 35 0.90 16.7 16.7 16.7 16.7 16.7 16.1 15.6 15.0 12.5 10.3 C65 A672C65 11, 12 C 1 (1) (2) (15) 65 35 1.00 18.6 18.6 18.6 18.6 18.6 17.9 17.3 16.7 13.9 11.4 C65C65 20, 23, 30, 33 C 1 (1) (2) 65 35 0.90 16.7 16.7 16.7 16.7 16.7 16.1 15.6 15.0 12.5 10.3 C65C65 21 22, 31, 32 C 1 (1) (2) 65 35 1.00 18.6 18.6 18.6 18.6 18.6 17.9 17.3 16.7 13.9 11.4 C65A672 C70 10, 13 C 1 (1) (2) (15) 70 38 0.90 18.0 18.0 18.0 18.0 18.0 17.5 16.9 16.3 13.3 10.8 C70 A672C70 11, 12 C 1 (1) (2) (15) 70 38 1.00 20.0 20.0 20.0 20.0 20.0 19.4 18.8 18.1 14.8 12.0 C70C70 20, 23, 30, 33 C 1 (1) (2) 70 38 0.90 18.0 18.0 18.0 18.0 18.0 17.5 16.9 16.3 13.3 10.8 C70C70 21, 22, 31, 32 C 1 (1) (2) 70 38 1.00 20.0 20.0 20.0 20.0 20.0 19.4 18.8 18.1 14.8 12.0 C70A672 D70 10, 13 C–Mn–Si 1 (1) (15) 70 50 0.90 18.0 18.0 17.7 17.6 17.6 17.6 17.6 … … … D70 A672D70 11, 12 C–Mn–Si 1 (1) (15) 70 50 1.00 20.0 20.0 19.7 19.5 19.5 19.5 19.5 … … … D70D70 20, 23, 30, 33 C–Mn–Si 1 (1) (3) 70 50 0.90 18.0 18.0 17.7 17.6 17.6 17.6 17.6 … … … D70D70 21, 22, 31, 32 C–Mn–Si 1 (1) (3) 70 50 1.00 20.0 20.0 19.7 19.5 19.5 19.5 19.5 … … … D70A672 D80 10, 13 C–Mn–Si 1 (1) (15) 80 60 0.90 20.6 20.6 20.3 20.1 20.1 20.1 20.1 … … … D80 A672D80 11, 12 C–Mn–Si 1 (1) (15) 80 60 1.00 22.9 22.9 22.6 22.3 22.3 22.3 22.3 … … … D80D80 20, 23 C–Mn–Si 1 (1) (3) 80 60 0.90 20.6 20.6 20.3 20.1 20.1 20.1 20.1 … … … D80D80 21, 22 C–Mn–Si 1 (1) (3) 80 60 1.00 22.9 22.9 22.6 22.3 22.3 22.3 22.3 … … … D80A672 N75 10, 13 C–Mn–Si 1 (1) (2) (15) 75 42 0.90 19.3 19.3 19.3 19.3 19.3 18.4 17.8 17.2 14.1 11.3 N75 A672N75 11, 12 C–Mn–Si 1 (1) (2) (15) 75 42 1.00 21.4 21.4 21.4 21.4 21.4 20.4 19.8 19.1 15.7 12.6 N75N75 20, 23, 30, 33 C–Mn–Si 1 (1) (2) 75 40 0.90 19.3 19.3 19.3 19.3 19.3 18.4 17.8 17.2 14.1 11.3 N75N75 21, 22, 31, 32 C–Mn–Si 1 (1) (2) 75 40 1.00 21.4 21.4 21.4 21.4 21.4 20.4 19.8 19.1 15.7 12.6 N75A691 CMSH-70 10, 13 C–Mn–Si 1 (1) (15) 70 50 0.90 18.0 18.0 17.7 17.6 17.6 17.6 17.6 … … … CMSH-70 A691CMSH-70 11, 12 C–Mn–Si 1 (1) (15) 70 50 1.00 20.0 20.0 19.7 19.5 19.5 19.5 19.5 … … … CMSH-70CMSH-70 20, 23, 30, 33 C–Mn–Si 1 (1) (3) 70 50 0.90 18.0 18.0 17.7 17.6 17.6 17.6 17.6 … … … CMSH-70CMSH-70 21, 22, 31, 32 C–Mn–Si 1 (1) (3) 70 50 1.00 20.0 20.0 19.7 19.5 19.5 19.5 19.5 … … … CMSH-70A691 CMSH-80 10, 13 C–Mn–Si 1 (1) (15) 80 60 0.90 20.6 20.6 20.3 20.1 20.1 20.1 20.1 … … … CMSH-80 A691CMSH-80 11, 12 C–Mn–Si 1 (1) (15) 80 60 1.00 22.9 22.9 22.6 22.3 22.3 22.3 22.3 … … … CMSH-80CMSH-80 20, 23 C–Mn–Si 1 (1) (3) 80 60 0.90 20.6 20.6 20.3 20.1 20.1 20.1 20.1 … … … CMSH-80CMSH-80 21, 22 C–Mn–Si 1 (1) (3) 80 60 1.00 22.9 22.9 22.6 22.3 22.3 22.3 22.3 … … … CMSH-80A691 CMS-75 10, 13 C–Mn–Si 1 (1) (2) (15) 75 42 0.90 19.3 19.3 19.3 19.3 19.3 18.4 17.8 17.2 14.1 11.3 CMS-75 A691CMS-75 11, 12 C–Mn–Si 1 (1) (2) (15) 75 42 1.00 21.4 21.4 21.4 21.4 21.4 20.4 19.8 19.1 15.7 12.6 CMS-75CMS-75 20, 23, 30, 33 C–Mn–Si 1 (1) (2) 75 40 0.90 19.3 19.3 19.3 19.3 19.3 18.4 17.8 17.2 14.1 11.3 CMS-75CMS-75 21, 22, 31, 32 C–Mn–Si 1 (1) (2) 75 40 1.00 21.4 21.4 21.4 21.4 21.4 20.4 19.8 19.1 15.7 12.6 CMS-75
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Spec.
No. Grade Type or Class

Nominal
Composition

P-
No. Notes

Specified
Minimum
Tensile,
ksi

Specified
Minimum
Yield,
ksi

E
or
F

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature,
°F, Not Exceeding

Grade
Spec.
No.100 200 300 400 500 600 650 700 750 800

Copper Brazed Tubing Copper Brazed TubingA254 … … C … (1) (9) (10) 42 25 1.00 6.0 5.5 4.8 3.0 … … … … … … … A254
Plate PlateA36 … … C–Mn–Si 1 (1) (7) (11) 58 36 0.92 15.2 15.2 15.2 15.2 15.2 15.2 15.2 … … … … A36
A283 A … C 1 (1) (7) 45 24 0.92 11.8 11.8 11.8 11.8 11.8 11.3 10.9 … … … A A283B … C 1 (1) (7) 50 27 0.92 13.1 13.1 13.1 13.1 13.1 12.7 12.3 … … … BC … C 1 (1) (7) 55 30 0.92 14.5 14.5 14.5 14.5 14.5 14.1 13.6 … … … CD … C 1 (1) (7) 60 33 0.92 15.8 15.8 15.8 15.8 15.8 15.5 15.0 … … … D
A285 A … C 1 (2) 45 24 1.00 12.9 12.9 12.9 12.9 12.9 12.3 11.9 11.5 10.7 8.3 A A285B … C 1 (2) 50 27 1.00 14.3 14.3 14.3 14.3 14.3 13.8 13.3 12.5 11.0 9.4 BC … C 1 (2) 55 30 1.00 15.7 15.7 15.7 15.7 15.7 15.3 14.8 14.3 13.0 10.8 C
A299 … … C–Mn–Si 1 (2) (13) 75 40 1.00 21.4 21.4 21.4 21.4 21.4 20.4 19.8 19.1 15.7 12.6 … A299… … C–Mn–Si 1 (2) (12) 75 42 1.00 21.4 21.4 21.4 21.4 21.4 21.4 20.8 19.6 15.7 12.6 …
A515 60 … C–Si 1 (2) 60 32 1.00 17.1 17.1 17.1 17.1 17.1 16.4 15.8 15.3 13.0 10.8 60 A51565 … C–Si 1 (2) 65 35 1.00 18.6 18.6 18.6 18.6 18.6 17.9 17.3 16.7 13.9 11.4 6570 … C–Si 1 (2) 70 38 1.00 20.0 20.0 20.0 20.0 20.0 19.4 18.8 18.1 14.8 12.6 70
A516 55 … C–Si 1 (2) 55 30 1.00 15.7 15.7 15.7 15.7 15.7 15.3 14.8 14.3 13.0 10.8 55 A51660 … C–Mn–Si 1 (2) 60 32 1.00 17.1 17.1 17.1 17.1 17.1 16.4 15.8 15.3 13.0 10.8 6065 … C–Mn–Si 1 (2) 65 35 1.00 18.6 18.6 18.6 18.6 18.6 17.9 17.3 16.7 13.9 11.4 6570 … C–Mn–Si 1 (2) 70 38 1.00 20.0 20.0 20.0 20.0 20.0 19.4 18.8 18.1 14.8 12.0 70
Forgings ForgingsA105 … … C–Si 1 (2) 70 36 1.00 20.0 20.0 20.0 20.0 19.6 18.4 17.8 17.2 14.8 12.0 … A105
A181 … 60 C–Si 1 (2) 60 30 1.00 17.1 17.1 17.1 17.1 16.3 15.3 14.8 14.3 13.0 10.8 … A181… 70 C–Si 1 (2) 70 36 1.00 20.0 20.0 20.0 20.0 19.6 18.4 17.8 17.2 14.8 12.0 …
A350 LF2 1 C–Mn–Si 1 (2) 70 36 1.00 20.0 20.0 20.0 20.0 19.6 18.4 17.8 17.2 14.8 12.0 LF2 A350LF2 2 C–Mn–Si 1 (2) 70 36 1.00 20.0 20.0 20.0 20.0 19.6 18.4 17.8 17.2 14.8 12.0 LF2
Wrought Fittings (Seamless and Welded) Wrought Fittings (Seamless and Welded)A234 WPB … C–Si 1 (2) 60 35 1.00 17.1 17.1 17.1 17.1 17.1 17.1 17.1 15.6 13.0 10.8 WPB A234WPC … C–Si 1 (2) 70 40 1.00 20.0 20.0 20.0 20.0 20.0 20.0 19.8 18.3 14.8 12.0 WPC
Castings CastingsA216 WCA … C–Si 1 (2) (6) 60 30 0.80 13.7 13.7 13.7 13.7 13.0 12.2 11.8 11.4 10.4 8.6 WCA A216WCB … C–Si 1 (2) (6) 70 36 0.80 16.0 16.0 16.0 16.0 15.7 14.7 14.2 13.8 11.8 9.6 WCBWCC … C–Mn–Si 1 (2) (6) 70 40 0.80 16.0 16.0 16.0 16.0 16.0 16.0 15.8 14.6 11.8 9.6 WCC
Bars and Shapes Bars and ShapesA36 … … C–Mn–Si 1 (1) (2) 58 36 1.00 16.6 16.6 16.6 16.6 16.6 16.6 16.6 15.6 13.0 10.8 … A36A992 … … C–Mn–Si 1 (1) (2) 65 50 1.00 18.6 18.6 18.6 18.6 18.6 18.6 18.6 16.9 13.9 11.4 … A992
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Spec.
No. Grade Type or Class

Nominal
Composition

P-
No. Notes

Specified
Minimum
Tensile,
ksi

Specified
Minimum
Yield,
ksi

E
or
F

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature,
°F, Not Exceeding

Grade
Spec.
No.100 200 300 400 500 600 650 700 750 800

Copper Brazed Tubing Copper Brazed TubingA254 … … C … (1) (9) (10) 42 25 1.00 6.0 5.5 4.8 3.0 … … … … … … … A254
Plate PlateA36 … … C–Mn–Si 1 (1) (7) (11) 58 36 0.92 15.2 15.2 15.2 15.2 15.2 15.2 15.2 … … … … A36
A283 A … C 1 (1) (7) 45 24 0.92 11.8 11.8 11.8 11.8 11.8 11.3 10.9 … … … A A283B … C 1 (1) (7) 50 27 0.92 13.1 13.1 13.1 13.1 13.1 12.7 12.3 … … … BC … C 1 (1) (7) 55 30 0.92 14.5 14.5 14.5 14.5 14.5 14.1 13.6 … … … CD … C 1 (1) (7) 60 33 0.92 15.8 15.8 15.8 15.8 15.8 15.5 15.0 … … … D
A285 A … C 1 (2) 45 24 1.00 12.9 12.9 12.9 12.9 12.9 12.3 11.9 11.5 10.7 8.3 A A285B … C 1 (2) 50 27 1.00 14.3 14.3 14.3 14.3 14.3 13.8 13.3 12.5 11.0 9.4 BC … C 1 (2) 55 30 1.00 15.7 15.7 15.7 15.7 15.7 15.3 14.8 14.3 13.0 10.8 C
A299 … … C–Mn–Si 1 (2) (13) 75 40 1.00 21.4 21.4 21.4 21.4 21.4 20.4 19.8 19.1 15.7 12.6 … A299… … C–Mn–Si 1 (2) (12) 75 42 1.00 21.4 21.4 21.4 21.4 21.4 21.4 20.8 19.6 15.7 12.6 …
A515 60 … C–Si 1 (2) 60 32 1.00 17.1 17.1 17.1 17.1 17.1 16.4 15.8 15.3 13.0 10.8 60 A51565 … C–Si 1 (2) 65 35 1.00 18.6 18.6 18.6 18.6 18.6 17.9 17.3 16.7 13.9 11.4 6570 … C–Si 1 (2) 70 38 1.00 20.0 20.0 20.0 20.0 20.0 19.4 18.8 18.1 14.8 12.6 70
A516 55 … C–Si 1 (2) 55 30 1.00 15.7 15.7 15.7 15.7 15.7 15.3 14.8 14.3 13.0 10.8 55 A51660 … C–Mn–Si 1 (2) 60 32 1.00 17.1 17.1 17.1 17.1 17.1 16.4 15.8 15.3 13.0 10.8 6065 … C–Mn–Si 1 (2) 65 35 1.00 18.6 18.6 18.6 18.6 18.6 17.9 17.3 16.7 13.9 11.4 6570 … C–Mn–Si 1 (2) 70 38 1.00 20.0 20.0 20.0 20.0 20.0 19.4 18.8 18.1 14.8 12.0 70
Forgings ForgingsA105 … … C–Si 1 (2) 70 36 1.00 20.0 20.0 20.0 20.0 19.6 18.4 17.8 17.2 14.8 12.0 … A105
A181 … 60 C–Si 1 (2) 60 30 1.00 17.1 17.1 17.1 17.1 16.3 15.3 14.8 14.3 13.0 10.8 … A181… 70 C–Si 1 (2) 70 36 1.00 20.0 20.0 20.0 20.0 19.6 18.4 17.8 17.2 14.8 12.0 …
A350 LF2 1 C–Mn–Si 1 (2) 70 36 1.00 20.0 20.0 20.0 20.0 19.6 18.4 17.8 17.2 14.8 12.0 LF2 A350LF2 2 C–Mn–Si 1 (2) 70 36 1.00 20.0 20.0 20.0 20.0 19.6 18.4 17.8 17.2 14.8 12.0 LF2
Wrought Fittings (Seamless and Welded) Wrought Fittings (Seamless and Welded)A234 WPB … C–Si 1 (2) 60 35 1.00 17.1 17.1 17.1 17.1 17.1 17.1 17.1 15.6 13.0 10.8 WPB A234WPC … C–Si 1 (2) 70 40 1.00 20.0 20.0 20.0 20.0 20.0 20.0 19.8 18.3 14.8 12.0 WPC
Castings CastingsA216 WCA … C–Si 1 (2) (6) 60 30 0.80 13.7 13.7 13.7 13.7 13.0 12.2 11.8 11.4 10.4 8.6 WCA A216WCB … C–Si 1 (2) (6) 70 36 0.80 16.0 16.0 16.0 16.0 15.7 14.7 14.2 13.8 11.8 9.6 WCBWCC … C–Mn–Si 1 (2) (6) 70 40 0.80 16.0 16.0 16.0 16.0 16.0 16.0 15.8 14.6 11.8 9.6 WCC
Bars and Shapes Bars and ShapesA36 … … C–Mn–Si 1 (1) (2) 58 36 1.00 16.6 16.6 16.6 16.6 16.6 16.6 16.6 15.6 13.0 10.8 … A36A992 … … C–Mn–Si 1 (1) (2) 65 50 1.00 18.6 18.6 18.6 18.6 18.6 18.6 18.6 16.9 13.9 11.4 … A992
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Table A-1 Carbon Steel (Cont’d)GENERAL NOTES:(a) The tabulated specifications areANSI/ASTMorASTM, exceptAPI 5L. ForASMEBPVCapplications, see related specifications inASMEBPVC,Section II.(b) The stress values in this Table may be interpolated to determine values for intermediate temperatures.(c) The P-Numbers indicated in this Table are identical to those adopted by ASME BPVC. Qualification of welding procedures, welders, andwelding operators is required and shall comply with ASME BPVC, Section IX, except as modified by para. 127.5.(d) Tensile strengths and allowable stresses shown in “ksi” are “thousands of pounds per square inch.”(e) Thematerials listed in this Table shall not be used at design temperatures above those forwhich allowable stress values are given except aspermitted by para. 122.6.2(g).(f) The tabulated stress values are S×E (weld joint efficiency factor) or S×F (material quality factor), as applicable.Weld joint efficiency factorsare shown in Table 102.4.3-1.(g) Pressure–temperature ratings of piping components, as published in standards referenced in this Code, may be used for componentsmeeting the requirements of those standards.Theallowable stress valuesgiven in thisTable are foruse indesigningpiping components thatare not manufactured in accordance with referenced standards.(h) All the materials listed are classified as ferritic (see Table 104.1.2-1).(i) The tabulated stress values that are shown in italics are at temperatures in the range where creep and stress rupture strength govern theselection of stresses.(j) See para. 124.1.2 for lower temperature limits.NOTES:(1) THIS MATERIAL IS NOT ACCEPTABLE FOR CONSTRUCTION OF PRESSURE-RETAINING PARTS OF BOILER EXTERNAL PIPING — SEEFIGURES 100.1.2-1 THROUGH 100.1.2-8.(2) Upon prolonged exposure to temperatures above 800°F (427°C), the carbide phase of carbon steel may be converted to graphite.(3) The allowable stress values given are for pipe fabricated from plate not exceeding 21∕2 in. in thickness.(4) This material shall not be used for flammable fluids. Refer to para. 105.2.1(a).(5) Tensile value in parentheses is expected minimum.(6) The 0.80 material quality factor for casting may be increased in accordance with para. 102.4.6.(7) The stress values for structural quality plate include a material quality factor of 0.92. The allowable stresses for ASTM A283 Grade D andASTM A36 plate have been limited to 12.7 ksi.(8) These stress values are permitted only if killed or semikilled steels are used.(9) ASTM A254 is copper brazed (not welded) steel pipe.(10) For saturated steam at 250 psi (406°F), the values given for 400°F may be used.(11) Theallowable stress values listed inMSSSP-58 for thismaterialmaybeused forpipe-supporting elementsdesigned inaccordancewithMSSSP-58.(12) These values apply to material less than or equal to 1 in. thick.(13) These values apply to material greater than 1 in. thick.(14) This material is not listed in ASMEBPVC, Section IX. However, weld procedures shall be qualified in accordancewith the P-Number shown.See para. 127.5.1.(15) This material shall not be used in nominal wall thicknesses exceeding 3∕4 in.(16) These allowable stress values are for pipe made using a butt-welded joint process. Pipe made by other processes shall not be used.
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Spec.
No. Grade Type or Class

Nominal
Composition P-No. Notes

Specified
Minimum
Tensile,
ksi

Specified
Minimum
Yield,
ksi

E
or
F

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

Grade
Spec.
No.100 200 300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200

Seamless Pipe and Tube Seamless Pipe and TubeA213 T2 … 1∕2Cr–1∕2Mo 3 … 60 30 1.00 17.1 17.1 17.1 17.1 16.9 16.4 16.1 15.7 15.4 14.9 14.5 13.9 9.2 5.9 … … … … T2 A213T5 … 5Cr–1∕2Mo 5B … 60 30 1.00 17.1 17.1 16.6 16.5 16.4 16.2 15.9 15.6 15.1 14.5 13.8 10.9 8.0 5.8 4.2 2.9 1.8 1.0 T5T5b … 5Cr–1∕2Mo–11∕2Si 5B … 60 30 1.00 17.1 17.1 16.6 16.5 16.4 16.2 15.9 15.6 15.1 14.5 13.8 10.9 8.0 5.8 4.2 2.9 1.8 1.0 T5bA213 T5c … 5Cr–1∕2Mo–Ti 5B … 60 30 1.00 17.1 17.1 16.6 16.5 16.4 16.2 15.9 15.6 15.1 14.5 13.8 10.9 8.0 5.8 4.2 2.9 1.8 1.0 T5c A213T9 … 9Cr–1Mo 5B … 60 30 1.00 17.1 17.1 16.6 16.5 16.4 16.2 15.9 15.6 15.1 14.5 13.8 13.0 10.6 7.4 5.0 3.3 2.2 1.5 T9T11 … 11∕4Cr–1∕2Mo 4 … 60 30 1.00 17.1 17.1 17.1 16.8 16.2 15.7 15.4 15.1 14.8 14.4 14.0 13.6 9.3 6.3 4.2 2.8 … … T11A213 T12 … 1Cr–1∕2Mo 4 … 60 30 1.00 17.1 16.8 16.5 16.5 16.5 16.3 16.0 15.8 15.5 15.3 14.9 14.5 11.3 7.2 4.5 2.8 … … T12 A213T21 … 3Cr–1Mo 5A … 60 30 1.00 17.1 17.1 16.6 16.6 16.6 16.6 16.6 16.6 16.6 16.6 16.0 12.0 9.0 7.0 5.5 4.0 … … T21T22 … 21∕4Cr–1Mo 5A (5) 60 30 1.00 17.1 17.1 16.6 16.6 16.6 16.6 16.6 16.6 16.6 16.6 16.6 13.6 10.8 8.0 5.7 3.8 … … T22T91 … 9Cr–1Mo–V 15E (10) 85 60 1.00 24.3 24.3 24.3 24.2 24.1 23.7 23.4 22.9 22.2 21.3 20.3 19.1 17.8 16.3 14.0 10.3 7.0 4.3 T91T91 … 9Cr–1Mo–V 15E (11) 85 60 1.00 24.3 24.3 24.3 24.2 24.1 23.7 23.4 22.9 22.2 21.3 20.3 19.1 17.8 16.3 12.9 9.6 7.0 4.3 T91A333 3 … 31∕2Ni 9B (1) 65 35 1.00 18.6 18.6 18.6 18.6 18.6 17.5 16.7 … … … … … … … … … … … 3 A3334 … 3∕4Cr–3∕4Ni–Cu–Al 4 (1) 60 35 1.00 17.1 17.1 17.1 17.1 17.1 17.1 17.1 … … … … … … … … … … … 47 … 21∕2Ni 9A (1) 65 35 1.00 18.6 18.6 18.6 18.6 18.6 17.5 16.7 … … … … … … … … … … … 79 … 2Ni–1Cu 9A (1) 63 46 1.00 18.0 … … … … … … … … … … … … … … … … … 9A335 P1 … C–1∕2Mo 3 (2) 55 30 1.00 15.7 15.7 15.7 15.7 15.7 15.7 15.7 15.7 15.4 14.9 14.5 … … … … … … … P1 A335P2 … 1∕2Cr–1∕2Mo 3 … 55 30 1.00 15.7 15.7 15.7 15.7 15.7 15.7 15.7 15.7 15.4 14.9 14.5 13.9 9.2 5.9 … … … … P2P5 … 5Cr–1∕2Mo 5B … 60 30 1.00 17.1 17.1 16.6 16.5 16.4 16.2 15.9 15.6 15.1 14.5 13.8 10.9 8.0 5.8 4.2 2.9 1.8 1.0 P5P5b … 5Cr–1∕2Mo–11∕2Si 5B … 60 30 1.00 17.1 17.1 16.6 16.5 16.4 16.2 15.9 15.6 15.1 14.5 13.8 10.9 8.0 5.8 4.2 2.9 1.8 1.0 P5bA335 P5c … 5Cr–1∕2Mo–Ti 5B … 60 30 1.00 17.1 17.1 16.6 16.5 16.4 16.2 15.9 15.6 15.1 14.5 13.8 10.9 8.0 5.8 4.2 2.9 1.8 1.0 P5c A335P9 … 9Cr–1Mo 5B … 60 30 1.00 17.1 17.1 16.6 16.5 16.4 16.2 15.9 15.6 15.1 14.5 13.8 13.0 10.6 7.4 5.0 3.3 2.2 1.5 P9P11 … 11∕4Cr–1∕2Mo–Si 4 … 60 30 1.00 17.1 17.1 17.1 16.8 16.2 15.7 15.4 15.1 14.8 14.4 14.0 13.6 9.3 6.3 4.2 2.8 … … P11A335 P12 … 1Cr–1∕2Mo 4 … 60 32 1.00 17.1 16.8 16.5 16.5 16.5 16.3 16.0 15.8 15.5 15.3 14.9 14.5 11.3 7.2 4.5 2.8 … … P12 A335P21 … 3Cr–1Mo 5A … 60 30 1.00 17.1 17.1 16.6 16.6 16.6 16.6 16.6 16.6 16.6 16.6 16.0 12.0 9.0 7.0 5.5 4.0 … … P21P22 … 21∕4Cr–1Mo 5A (5) 60 30 1.00 17.1 17.1 16.6 16.6 16.6 16.6 16.6 16.6 16.6 16.6 16.6 13.6 10.8 8.0 5.7 3.8 … … P22A335 P36 1 1.15Ni–0.65Cu–Mo–Cb … (12) (13) 90 64 1.00 25.7 25.7 25.1 25.1 25.1 25.1 25.1 25.1 … … … … … … … … … … P36 A335P36 2 1.15Ni–0.65Cu–Mo–Cb … (12) (13) 95.5 66.5 1.00 27.3 27.3 26.6 26.6 26.6 26.6 26.6 26.6 … … … … … … … … … … P36P91 … 9Cr–1Mo–V 15E (10) 85 60 1.00 24.3 24.3 24.3 24.2 24.1 23.7 23.4 22.9 22.2 21.3 20.3 19.1 17.8 16.3 14.0 10.3 7.0 4.3 P91P91 … 9Cr–1Mo–V 15E (11) 85 60 1.00 24.3 24.3 24.3 24.2 24.1 23.7 23.4 22.9 22.2 21.3 20.3 19.1 17.8 16.3 12.9 9.6 7.0 4.3 P91A369 FP1 … C–1∕2Mo 3 (2) 55 30 1.00 15.7 15.7 15.7 15.7 15.7 15.7 15.7 15.7 15.4 14.9 14.5 … … … … … … … FP1 A369FP2 … 1∕2Cr–1∕2Mo 3 … 55 30 1.00 15.7 15.7 15.7 15.7 15.7 15.7 15.7 15.7 15.4 14.9 14.5 13.9 9.2 5.9 … … … … FP2FP5 … 5Cr–1∕2Mo 5B … 60 30 1.00 17.1 17.1 16.6 16.5 16.4 16.2 15.9 15.6 15.1 14.5 13.8 10.9 8.0 5.8 4.2 2.9 1.8 1.0 FP5A369 FP9 … 9Cr–1Mo 5B … 60 30 1.00 17.1 17.1 16.6 16.5 16.4 16.2 15.9 15.6 15.1 14.5 13.8 13.0 10.6 7.4 5.0 3.3 2.2 1.5 FP9 A369FP11 … 11∕4Cr–1∕2Mo–Si 4 … 60 30 1.00 17.1 17.1 17.1 16.8 16.2 15.7 15.4 15.1 14.8 14.4 14.0 13.6 9.3 6.3 4.2 2.8 … … FP11
A369 FP12 … 1Cr–1∕2Mo 4 … 60 32 1.00 17.1 16.8 16.5 16.5 16.5 16.3 16.0 15.8 15.5 15.3 14.9 14.5 11.3 7.2 4.5 2.8 … … FP12 A369FP21 … 3Cr–1Mo 5A … 60 30 1.00 17.1 17.1 16.6 16.6 16.6 16.6 16.6 16.6 16.6 16.6 16.0 12.0 9.0 7.0 5.5 4.0 … … FP21FP22 … 21∕4Cr–1Mo 5A (5) 60 30 1.00 17.1 17.1 16.6 16.6 16.6 16.6 16.6 16.6 16.6 16.6 16.6 13.6 10.8 8.0 5.7 3.8 … … FP22FP91 … 9Cr–1Mo–V 15E ... 85 60 1.00 24.3 24.3 24.3 24.2 24.1 23.7 23.4 22.9 22.2 21.3 20.3 19.1 17.8 16.3 12.9 9.6 7.0 4.3 FP91A714 V … 2Ni–1Cu 9A (1) 65 46 1.00 18.6 … … … … … … … … … … … … … … … … … V A714
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Spec.
No. Grade Type or Class

Nominal
Composition P-No. Notes

Specified
Minimum
Tensile,
ksi

Specified
Minimum
Yield,
ksi

E
or
F

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

Grade
Spec.
No.100 200 300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200

Seamless Pipe and Tube Seamless Pipe and TubeA213 T2 … 1∕2Cr–1∕2Mo 3 … 60 30 1.00 17.1 17.1 17.1 17.1 16.9 16.4 16.1 15.7 15.4 14.9 14.5 13.9 9.2 5.9 … … … … T2 A213T5 … 5Cr–1∕2Mo 5B … 60 30 1.00 17.1 17.1 16.6 16.5 16.4 16.2 15.9 15.6 15.1 14.5 13.8 10.9 8.0 5.8 4.2 2.9 1.8 1.0 T5T5b … 5Cr–1∕2Mo–11∕2Si 5B … 60 30 1.00 17.1 17.1 16.6 16.5 16.4 16.2 15.9 15.6 15.1 14.5 13.8 10.9 8.0 5.8 4.2 2.9 1.8 1.0 T5bA213 T5c … 5Cr–1∕2Mo–Ti 5B … 60 30 1.00 17.1 17.1 16.6 16.5 16.4 16.2 15.9 15.6 15.1 14.5 13.8 10.9 8.0 5.8 4.2 2.9 1.8 1.0 T5c A213T9 … 9Cr–1Mo 5B … 60 30 1.00 17.1 17.1 16.6 16.5 16.4 16.2 15.9 15.6 15.1 14.5 13.8 13.0 10.6 7.4 5.0 3.3 2.2 1.5 T9T11 … 11∕4Cr–1∕2Mo 4 … 60 30 1.00 17.1 17.1 17.1 16.8 16.2 15.7 15.4 15.1 14.8 14.4 14.0 13.6 9.3 6.3 4.2 2.8 … … T11A213 T12 … 1Cr–1∕2Mo 4 … 60 30 1.00 17.1 16.8 16.5 16.5 16.5 16.3 16.0 15.8 15.5 15.3 14.9 14.5 11.3 7.2 4.5 2.8 … … T12 A213T21 … 3Cr–1Mo 5A … 60 30 1.00 17.1 17.1 16.6 16.6 16.6 16.6 16.6 16.6 16.6 16.6 16.0 12.0 9.0 7.0 5.5 4.0 … … T21T22 … 21∕4Cr–1Mo 5A (5) 60 30 1.00 17.1 17.1 16.6 16.6 16.6 16.6 16.6 16.6 16.6 16.6 16.6 13.6 10.8 8.0 5.7 3.8 … … T22T91 … 9Cr–1Mo–V 15E (10) 85 60 1.00 24.3 24.3 24.3 24.2 24.1 23.7 23.4 22.9 22.2 21.3 20.3 19.1 17.8 16.3 14.0 10.3 7.0 4.3 T91T91 … 9Cr–1Mo–V 15E (11) 85 60 1.00 24.3 24.3 24.3 24.2 24.1 23.7 23.4 22.9 22.2 21.3 20.3 19.1 17.8 16.3 12.9 9.6 7.0 4.3 T91A333 3 … 31∕2Ni 9B (1) 65 35 1.00 18.6 18.6 18.6 18.6 18.6 17.5 16.7 … … … … … … … … … … … 3 A3334 … 3∕4Cr–3∕4Ni–Cu–Al 4 (1) 60 35 1.00 17.1 17.1 17.1 17.1 17.1 17.1 17.1 … … … … … … … … … … … 47 … 21∕2Ni 9A (1) 65 35 1.00 18.6 18.6 18.6 18.6 18.6 17.5 16.7 … … … … … … … … … … … 79 … 2Ni–1Cu 9A (1) 63 46 1.00 18.0 … … … … … … … … … … … … … … … … … 9A335 P1 … C–1∕2Mo 3 (2) 55 30 1.00 15.7 15.7 15.7 15.7 15.7 15.7 15.7 15.7 15.4 14.9 14.5 … … … … … … … P1 A335P2 … 1∕2Cr–1∕2Mo 3 … 55 30 1.00 15.7 15.7 15.7 15.7 15.7 15.7 15.7 15.7 15.4 14.9 14.5 13.9 9.2 5.9 … … … … P2P5 … 5Cr–1∕2Mo 5B … 60 30 1.00 17.1 17.1 16.6 16.5 16.4 16.2 15.9 15.6 15.1 14.5 13.8 10.9 8.0 5.8 4.2 2.9 1.8 1.0 P5P5b … 5Cr–1∕2Mo–11∕2Si 5B … 60 30 1.00 17.1 17.1 16.6 16.5 16.4 16.2 15.9 15.6 15.1 14.5 13.8 10.9 8.0 5.8 4.2 2.9 1.8 1.0 P5bA335 P5c … 5Cr–1∕2Mo–Ti 5B … 60 30 1.00 17.1 17.1 16.6 16.5 16.4 16.2 15.9 15.6 15.1 14.5 13.8 10.9 8.0 5.8 4.2 2.9 1.8 1.0 P5c A335P9 … 9Cr–1Mo 5B … 60 30 1.00 17.1 17.1 16.6 16.5 16.4 16.2 15.9 15.6 15.1 14.5 13.8 13.0 10.6 7.4 5.0 3.3 2.2 1.5 P9P11 … 11∕4Cr–1∕2Mo–Si 4 … 60 30 1.00 17.1 17.1 17.1 16.8 16.2 15.7 15.4 15.1 14.8 14.4 14.0 13.6 9.3 6.3 4.2 2.8 … … P11A335 P12 … 1Cr–1∕2Mo 4 … 60 32 1.00 17.1 16.8 16.5 16.5 16.5 16.3 16.0 15.8 15.5 15.3 14.9 14.5 11.3 7.2 4.5 2.8 … … P12 A335P21 … 3Cr–1Mo 5A … 60 30 1.00 17.1 17.1 16.6 16.6 16.6 16.6 16.6 16.6 16.6 16.6 16.0 12.0 9.0 7.0 5.5 4.0 … … P21P22 … 21∕4Cr–1Mo 5A (5) 60 30 1.00 17.1 17.1 16.6 16.6 16.6 16.6 16.6 16.6 16.6 16.6 16.6 13.6 10.8 8.0 5.7 3.8 … … P22A335 P36 1 1.15Ni–0.65Cu–Mo–Cb … (12) (13) 90 64 1.00 25.7 25.7 25.1 25.1 25.1 25.1 25.1 25.1 … … … … … … … … … … P36 A335P36 2 1.15Ni–0.65Cu–Mo–Cb … (12) (13) 95.5 66.5 1.00 27.3 27.3 26.6 26.6 26.6 26.6 26.6 26.6 … … … … … … … … … … P36P91 … 9Cr–1Mo–V 15E (10) 85 60 1.00 24.3 24.3 24.3 24.2 24.1 23.7 23.4 22.9 22.2 21.3 20.3 19.1 17.8 16.3 14.0 10.3 7.0 4.3 P91P91 … 9Cr–1Mo–V 15E (11) 85 60 1.00 24.3 24.3 24.3 24.2 24.1 23.7 23.4 22.9 22.2 21.3 20.3 19.1 17.8 16.3 12.9 9.6 7.0 4.3 P91A369 FP1 … C–1∕2Mo 3 (2) 55 30 1.00 15.7 15.7 15.7 15.7 15.7 15.7 15.7 15.7 15.4 14.9 14.5 … … … … … … … FP1 A369FP2 … 1∕2Cr–1∕2Mo 3 … 55 30 1.00 15.7 15.7 15.7 15.7 15.7 15.7 15.7 15.7 15.4 14.9 14.5 13.9 9.2 5.9 … … … … FP2FP5 … 5Cr–1∕2Mo 5B … 60 30 1.00 17.1 17.1 16.6 16.5 16.4 16.2 15.9 15.6 15.1 14.5 13.8 10.9 8.0 5.8 4.2 2.9 1.8 1.0 FP5A369 FP9 … 9Cr–1Mo 5B … 60 30 1.00 17.1 17.1 16.6 16.5 16.4 16.2 15.9 15.6 15.1 14.5 13.8 13.0 10.6 7.4 5.0 3.3 2.2 1.5 FP9 A369FP11 … 11∕4Cr–1∕2Mo–Si 4 … 60 30 1.00 17.1 17.1 17.1 16.8 16.2 15.7 15.4 15.1 14.8 14.4 14.0 13.6 9.3 6.3 4.2 2.8 … … FP11
A369 FP12 … 1Cr–1∕2Mo 4 … 60 32 1.00 17.1 16.8 16.5 16.5 16.5 16.3 16.0 15.8 15.5 15.3 14.9 14.5 11.3 7.2 4.5 2.8 … … FP12 A369FP21 … 3Cr–1Mo 5A … 60 30 1.00 17.1 17.1 16.6 16.6 16.6 16.6 16.6 16.6 16.6 16.6 16.0 12.0 9.0 7.0 5.5 4.0 … … FP21FP22 … 21∕4Cr–1Mo 5A (5) 60 30 1.00 17.1 17.1 16.6 16.6 16.6 16.6 16.6 16.6 16.6 16.6 16.6 13.6 10.8 8.0 5.7 3.8 … … FP22FP91 … 9Cr–1Mo–V 15E ... 85 60 1.00 24.3 24.3 24.3 24.2 24.1 23.7 23.4 22.9 22.2 21.3 20.3 19.1 17.8 16.3 12.9 9.6 7.0 4.3 FP91A714 V … 2Ni–1Cu 9A (1) 65 46 1.00 18.6 … … … … … … … … … … … … … … … … … V A714
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Spec.
No. Grade Type or Class

Nominal
Composition P-No. Notes

Specified
Minimum
Tensile,
ksi

Specified
Minimum
Yield,
ksi

E
or
F

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

Grade
Spec.
No.100 200 300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200

Centrifugally Cast Pipe Centrifugally Cast PipeA426 CP1 … C–1∕2Mo 3 (1) (2) (3) (4) (7) 65 35 0.85 15.8 15.8 15.8 15.8 15.8 15.8 15.8 15.6 15.2 14.8 14.4 … … … … … … … CP1 A426CP2 … 1∕2Cr–1∕2Mo 3 (1) (3) (4) (7) 60 30 0.85 14.5 14.5 14.5 14.5 14.4 13.9 13.7 13.3 13.1 12.7 12.3 11.8 7.8 5.0 … … … … CP2CP5 … 5Cr–1∕2Mo 5B (1) (3) (4) (7) 90 60 0.85 21.9 21.8 21.2 21.0 20.9 20.6 20.3 19.9 19.3 18.5 12.2 9.3 6.8 4.9 3.6 2.5 1.5 0.85 CP5CP5b … 5Cr–1∕2Mo–Si 5B (1) (3) (4) (7) 60 30 0.85 14.6 14.5 14.1 14.0 14.0 13.8 13.5 13.3 12.9 12.4 11.8 9.3 6.8 4.9 3.6 2.5 1.5 0.85 CP5b
A426 CP9 … 9Cr–1Mo 5B (1) (3) (4) (7) 90 60 0.85 21.9 21.8 21.2 21.0 20.9 20.7 20.3 19.9 19.3 18.5 17.7 14.0 9.4 6.3 4.3 2.8 1.9 1.3 CP9 A426CP11 … 11∕4Cr–1∕2Mo 4 (1) (3) (4) (7) 70 40 0.85 17.0 17.0 17.0 17.0 17.0 17.0 17.0 17.0 16.7 16.3 15.9 11.6 7.9 5.4 3.6 2.4 … … CP11
A426 CP12 … 1Cr–1∕2Mo 4 (1) (3) (4) (7) 60 30 0.85 14.5 14.3 14.0 13.8 13.3 12.9 12.8 12.6 12.4 12.2 11.9 11.6 9.6 6.1 3.8 2.4 … … CP12 A426CP21 … 3Cr–1Mo 5A (1) (3) (4) (7) 60 30 0.85 14.5 14.5 14.1 14.1 14.1 14.1 14.1 14.1 14.1 14.1 13.6 10.2 7.7 6.0 4.7 3.4 … … CP21CP22 … 21∕4Cr–1Mo 5A (1) (3) (4) (5) (7) 70 40 0.85 17.0 17.0 16.7 16.5 16.4 16.3 16.2 16.0 15.7 15.2 14.6 13.4 9.7 6.6 4.3 2.7 … … CP22

Electric Resistance Welded Pipe Electric Resistance Welded PipeA333 3 … 31∕2Ni 9B (1) 65 35 0.85 15.8 15.8 15.8 15.8 15.8 14.9 14.2 … … … … … … … … … … … 3 A3337 … 21∕2Ni 9A (1) 65 35 0.85 15.8 15.8 15.8 15.8 15.8 14.9 14.2 … … … … … … … … … … … 79 … 2Ni–1Cu 9A (1) 63 46 0.85 15.3 … … … … … … … … … … … … … … … … … 9A714 V E 2Ni–Cu 9A (1) 65 46 0.85 15.8 … … … … … … … … … … … … … … … … … V A714
Electric Fusion Welded Pipe — Filler Metal Added Electric Fusion Welded Pipe — Filler Metal AddedA672 L65 20, 23, 30, 33 C–1∕2Mo 3 (1) (2) 65 37 0.90 16.7 16.7 16.7 16.7 16.7 16.7 16.7 16.7 16.7 16.6 16.1 … … … … … … … L65 A672L65 21, 22, 31, 32 C–1∕2Mo 3 (1) (2) 65 37 1.00 18.6 18.6 18.6 18.6 18.6 18.6 18.6 18.6 18.6 18.4 17.9 … … … … … … … L65

A672 L70 20, 23, 30, 33 C–1∕2Mo 3 (1) (2) 70 40 0.90 18.0 18.0 18.0 18.0 18.0 18.0 18.0 18.0 18.0 17.9 17.4 … … … … … … … L70 A672L70 21, 22, 31, 32 C–1∕2Mo 3 (1) (2) 70 40 1.00 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 19.9 19.3 … … … … … … … L70
A672 L75 20, 23, 30, 33 C–1∕2Mo 3 (1) (2) 75 43 0.90 19.3 19.3 19.3 19.3 19.3 19.3 19.3 19.3 19.3 19.3 18.7 … … … … … … … L75 A672L75 21, 22, 31, 32 C–1∕2Mo 3 (1) (2) 75 43 1.00 21.4 21.4 21.4 21.4 21.4 21.4 21.4 21.4 21.4 21.4 20.7 … … … … … … … L75
A691 CM-65 20, 23, 30, 33 C–1∕2Mo 3 (1) (2) 65 37 0.90 16.7 16.7 16.7 16.7 16.7 16.7 16.7 16.7 16.7 16.6 16.1 … … … … … … … CM-65 A691CM-65 21, 22, 31, 32 C–1∕2Mo 3 (1) (2) 65 37 1.00 18.6 18.6 18.6 18.6 18.6 18.6 18.6 18.6 18.6 18.4 17.9 … … … … … … … CM-65
A691 CM-70 20, 23, 30, 33 C–1∕2Mo 3 (1) (2) 70 40 0.90 18.0 18.0 18.0 18.0 18.0 18.0 18.0 18.0 18.0 17.9 17.4 … … … … … … … CM-70 A691CM-70 21, 22, 31, 32 C–1∕2Mo 3 (1) (2) 70 40 1.00 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 19.9 19.3 … … … … … … … CM-70
A691 CM-75 20, 23, 30, 33 C–1∕2Mo 3 (1) (2) 75 43 0.90 19.3 19.3 19.3 19.3 19.3 19.3 19.3 19.3 19.3 19.3 18.7 … … … … … … … CM-75 A691CM-75 21, 22, 31, 32 C–1∕2Mo 3 (1) (2) 75 43 1.00 21.4 21.4 21.4 21.4 21.4 21.4 21.4 21.4 21.4 21.4 20.7 … … … … … … … CM-75
A691 1∕2CR 20, 23 1∕2Cr–1∕2Mo 3 (1) (8) 55 33 0.90 14.1 14.1 14.1 14.1 14.1 14.1 14.1 14.1 14.1 14.1 13.8 12.9 8.3 5.3 … … … … 1∕2CR A6911∕2CR 21, 22 1∕2Cr–1∕2Mo 3 (1) (8) 55 33 1.00 15.7 15.7 15.7 15.7 15.7 15.7 15.7 15.7 15.7 15.7 15.3 14.3 9.2 5.9 … … … … 1∕2CR

1∕2CR 20, 23, 30, 33, 40,43 1∕2Cr–1∕2Mo 3 (1) (9) 70 45 0.90 18.0 18.0 18.0 18.0 18.0 18.0 18.0 18.0 18.0 18.0 17.6 16.7 8.3 5.3 … … … … 1∕2CR
1∕2CR 21, 22, 31, 32, 41,42 1∕2Cr–1∕2Mo 3 (1) (9) 70 45 1.00 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 19.5 18.6 9.2 5.9 … … … … 1∕2CR

A691 1CR 20, 23 1Cr–1∕2Mo 4 (1) (8) 55 33 0.90 14.1 13.9 13.6 13.6 13.6 13.6 13.6 13.6 13.6 13.6 13.6 13.2 10.2 6.5 4.1 2.5 … … 1CR A6911CR 21, 22 1Cr–1∕2Mo 4 (1) (8) 55 33 1.00 15.7 15.4 15.1 15.1 15.1 15.1 15.1 15.1 15.1 15.1 15.1 14.7 11.3 7.2 4.5 2.8 … … 1CR1CR 20, 23, 30, 33,40, 43 1Cr–1∕2Mo 4 (1) (9) 65 40 0.90 16.7 16.4 16.1 16.1 16.1 16.1 16.1 16.1 16.1 16.1 16.1 15.6 10.2 6.5 4.1 2.5 … … 1CR
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Spec.
No. Grade Type or Class

Nominal
Composition P-No. Notes

Specified
Minimum
Tensile,
ksi

Specified
Minimum
Yield,
ksi

E
or
F

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

Grade
Spec.
No.100 200 300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200

Centrifugally Cast Pipe Centrifugally Cast PipeA426 CP1 … C–1∕2Mo 3 (1) (2) (3) (4) (7) 65 35 0.85 15.8 15.8 15.8 15.8 15.8 15.8 15.8 15.6 15.2 14.8 14.4 … … … … … … … CP1 A426CP2 … 1∕2Cr–1∕2Mo 3 (1) (3) (4) (7) 60 30 0.85 14.5 14.5 14.5 14.5 14.4 13.9 13.7 13.3 13.1 12.7 12.3 11.8 7.8 5.0 … … … … CP2CP5 … 5Cr–1∕2Mo 5B (1) (3) (4) (7) 90 60 0.85 21.9 21.8 21.2 21.0 20.9 20.6 20.3 19.9 19.3 18.5 12.2 9.3 6.8 4.9 3.6 2.5 1.5 0.85 CP5CP5b … 5Cr–1∕2Mo–Si 5B (1) (3) (4) (7) 60 30 0.85 14.6 14.5 14.1 14.0 14.0 13.8 13.5 13.3 12.9 12.4 11.8 9.3 6.8 4.9 3.6 2.5 1.5 0.85 CP5b
A426 CP9 … 9Cr–1Mo 5B (1) (3) (4) (7) 90 60 0.85 21.9 21.8 21.2 21.0 20.9 20.7 20.3 19.9 19.3 18.5 17.7 14.0 9.4 6.3 4.3 2.8 1.9 1.3 CP9 A426CP11 … 11∕4Cr–1∕2Mo 4 (1) (3) (4) (7) 70 40 0.85 17.0 17.0 17.0 17.0 17.0 17.0 17.0 17.0 16.7 16.3 15.9 11.6 7.9 5.4 3.6 2.4 … … CP11
A426 CP12 … 1Cr–1∕2Mo 4 (1) (3) (4) (7) 60 30 0.85 14.5 14.3 14.0 13.8 13.3 12.9 12.8 12.6 12.4 12.2 11.9 11.6 9.6 6.1 3.8 2.4 … … CP12 A426CP21 … 3Cr–1Mo 5A (1) (3) (4) (7) 60 30 0.85 14.5 14.5 14.1 14.1 14.1 14.1 14.1 14.1 14.1 14.1 13.6 10.2 7.7 6.0 4.7 3.4 … … CP21CP22 … 21∕4Cr–1Mo 5A (1) (3) (4) (5) (7) 70 40 0.85 17.0 17.0 16.7 16.5 16.4 16.3 16.2 16.0 15.7 15.2 14.6 13.4 9.7 6.6 4.3 2.7 … … CP22

Electric Resistance Welded Pipe Electric Resistance Welded PipeA333 3 … 31∕2Ni 9B (1) 65 35 0.85 15.8 15.8 15.8 15.8 15.8 14.9 14.2 … … … … … … … … … … … 3 A3337 … 21∕2Ni 9A (1) 65 35 0.85 15.8 15.8 15.8 15.8 15.8 14.9 14.2 … … … … … … … … … … … 79 … 2Ni–1Cu 9A (1) 63 46 0.85 15.3 … … … … … … … … … … … … … … … … … 9A714 V E 2Ni–Cu 9A (1) 65 46 0.85 15.8 … … … … … … … … … … … … … … … … … V A714
Electric Fusion Welded Pipe — Filler Metal Added Electric Fusion Welded Pipe — Filler Metal AddedA672 L65 20, 23, 30, 33 C–1∕2Mo 3 (1) (2) 65 37 0.90 16.7 16.7 16.7 16.7 16.7 16.7 16.7 16.7 16.7 16.6 16.1 … … … … … … … L65 A672L65 21, 22, 31, 32 C–1∕2Mo 3 (1) (2) 65 37 1.00 18.6 18.6 18.6 18.6 18.6 18.6 18.6 18.6 18.6 18.4 17.9 … … … … … … … L65

A672 L70 20, 23, 30, 33 C–1∕2Mo 3 (1) (2) 70 40 0.90 18.0 18.0 18.0 18.0 18.0 18.0 18.0 18.0 18.0 17.9 17.4 … … … … … … … L70 A672L70 21, 22, 31, 32 C–1∕2Mo 3 (1) (2) 70 40 1.00 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 19.9 19.3 … … … … … … … L70
A672 L75 20, 23, 30, 33 C–1∕2Mo 3 (1) (2) 75 43 0.90 19.3 19.3 19.3 19.3 19.3 19.3 19.3 19.3 19.3 19.3 18.7 … … … … … … … L75 A672L75 21, 22, 31, 32 C–1∕2Mo 3 (1) (2) 75 43 1.00 21.4 21.4 21.4 21.4 21.4 21.4 21.4 21.4 21.4 21.4 20.7 … … … … … … … L75
A691 CM-65 20, 23, 30, 33 C–1∕2Mo 3 (1) (2) 65 37 0.90 16.7 16.7 16.7 16.7 16.7 16.7 16.7 16.7 16.7 16.6 16.1 … … … … … … … CM-65 A691CM-65 21, 22, 31, 32 C–1∕2Mo 3 (1) (2) 65 37 1.00 18.6 18.6 18.6 18.6 18.6 18.6 18.6 18.6 18.6 18.4 17.9 … … … … … … … CM-65
A691 CM-70 20, 23, 30, 33 C–1∕2Mo 3 (1) (2) 70 40 0.90 18.0 18.0 18.0 18.0 18.0 18.0 18.0 18.0 18.0 17.9 17.4 … … … … … … … CM-70 A691CM-70 21, 22, 31, 32 C–1∕2Mo 3 (1) (2) 70 40 1.00 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 19.9 19.3 … … … … … … … CM-70
A691 CM-75 20, 23, 30, 33 C–1∕2Mo 3 (1) (2) 75 43 0.90 19.3 19.3 19.3 19.3 19.3 19.3 19.3 19.3 19.3 19.3 18.7 … … … … … … … CM-75 A691CM-75 21, 22, 31, 32 C–1∕2Mo 3 (1) (2) 75 43 1.00 21.4 21.4 21.4 21.4 21.4 21.4 21.4 21.4 21.4 21.4 20.7 … … … … … … … CM-75
A691 1∕2CR 20, 23 1∕2Cr–1∕2Mo 3 (1) (8) 55 33 0.90 14.1 14.1 14.1 14.1 14.1 14.1 14.1 14.1 14.1 14.1 13.8 12.9 8.3 5.3 … … … … 1∕2CR A6911∕2CR 21, 22 1∕2Cr–1∕2Mo 3 (1) (8) 55 33 1.00 15.7 15.7 15.7 15.7 15.7 15.7 15.7 15.7 15.7 15.7 15.3 14.3 9.2 5.9 … … … … 1∕2CR

1∕2CR 20, 23, 30, 33, 40,43 1∕2Cr–1∕2Mo 3 (1) (9) 70 45 0.90 18.0 18.0 18.0 18.0 18.0 18.0 18.0 18.0 18.0 18.0 17.6 16.7 8.3 5.3 … … … … 1∕2CR
1∕2CR 21, 22, 31, 32, 41,42 1∕2Cr–1∕2Mo 3 (1) (9) 70 45 1.00 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 19.5 18.6 9.2 5.9 … … … … 1∕2CR

A691 1CR 20, 23 1Cr–1∕2Mo 4 (1) (8) 55 33 0.90 14.1 13.9 13.6 13.6 13.6 13.6 13.6 13.6 13.6 13.6 13.6 13.2 10.2 6.5 4.1 2.5 … … 1CR A6911CR 21, 22 1Cr–1∕2Mo 4 (1) (8) 55 33 1.00 15.7 15.4 15.1 15.1 15.1 15.1 15.1 15.1 15.1 15.1 15.1 14.7 11.3 7.2 4.5 2.8 … … 1CR1CR 20, 23, 30, 33,40, 43 1Cr–1∕2Mo 4 (1) (9) 65 40 0.90 16.7 16.4 16.1 16.1 16.1 16.1 16.1 16.1 16.1 16.1 16.1 15.6 10.2 6.5 4.1 2.5 … … 1CR
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Spec.
No. Grade Type or Class

Nominal
Composition P-No. Notes

Specified
Minimum
Tensile,
ksi

Specified
Minimum
Yield,
ksi

E
or
F

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

Grade
Spec.
No.100 200 300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200

Electric Fusion Welded Pipe — Filler Metal Added (Cont’d)1CR
Electric Fusion Welded Pipe — Filler Metal Added   (Cont’d) 21, 22, 31, 32,41, 42 1Cr–1∕2Mo 4 (1) (9) 65 40 1.00 18.6 18.2 17.9 17.9 17.9 17.9 17.9 17.9 17.9 17.9 17.9 17.4 11.3 7.2 4.5 2.8 … … 1CR
A691 11∕4CR 20, 23 11∕4Cr–1∕2Mo–Si 4 (1) (8) 60 35 0.90 15.4 15.4 15.4 15.4 15.4 15.4 15.4 15.4 15.4 15.1 14.7 12.3 8.4 5.7 3.8 2.5 … … 11∕4CR A69111∕4CR 21, 22 11∕4Cr–1∕2Mo–Si 4 (1) (8) 60 35 1.00 17.1 17.1 17.1 17.1 17.1 17.1 17.1 17.1 17.1 16.8 16.4 13.7 9.3 6.3 4.2 2.8 … … 11∕4CR11∕4CR 20, 23, 30, 33,40, 43 11∕4Cr–1∕2Mo–Si 4 (1) (9) 75 45 0.90 19.3 19.3 19.3 19.3 19.3 19.3 19.3 19.3 19.3 19.3 18.2 12.3 8.4 5.7 3.8 2.5 … … 11∕4CR11∕4CR 21, 22, 31, 32,41, 42 11∕4Cr–1∕2Mo–Si 4 (1) (9) 75 45 1.00 21.4 21.4 21.4 21.4 21.4 21.4 21.4 21.4 21.4 21.4 20.2 13.7 9.3 6.3 4.2 2.8 … … 11∕4CRA691 21∕4CR 20, 23 21∕4Cr–1Mo 5A (1) (5) (8) 60 30 0.90 15.4 15.4 15.0 14.9 14.8 14.6 14.4 14.2 14.0 13.7 13.4 13.0 10.3 7.0 4.6 2.9 … … 21∕4CR A69121∕4CR 21, 22 21∕4Cr–1Mo 5A (1) (5) (8) 60 30 1.00 17.1 17.1 16.6 16.6 16.6 16.6 16.6 16.6 16.6 16.6 16.6 13.6 10.8 8.0 5.7 3.8 … … 21∕4CR21∕4CR 20, 23, 30, 33,40, 43 21∕4Cr–1Mo 5A (1) (5) (9) 75 45 0.90 19.3 19.3 18.8 18.6 18.5 18.3 18.2 18.0 17.7 17.4 16.8 14.2 10.3 7.0 4.6 2.9 … … 21∕4CR21∕4CR 21, 22, 31, 32,41, 42 21∕4Cr–1Mo 5A (1) (5) (9) 75 45 1.00 21.4 21.4 20.9 20.6 20.5 20.4 20.2 20.0 19.7 19.3 18.7 15.8 11.4 7.8 5.1 3.2 … … 21∕4CR
A691 3CR 20, 23 3Cr–1Mo 5A (1) (8) 60 30 0.90 15.4 15.4 15.0 15.0 15.0 15.0 15.0 15.0 15.0 15.0 14.4 10.8 8.1 6.3 5.0 3.6 … … 3CR A6913CR 21, 22 3Cr–1Mo 5A (1) (8) 60 30 1.00 17.1 17.1 16.6 16.6 16.6 16.6 16.6 16.6 16.6 16.6 16.0 12.0 9.0 7.0 5.5 4.0 … … 3CR3CR 20, 23, 30, 33,40, 43 3Cr–1Mo 5A (1) (9) 75 45 0.90 19.3 19.3 18.8 18.6 18.5 18.3 18.2 18.0 17.7 17.4 16.3 11.8 8.6 6.1 4.4 2.9 … … 3CR3CR 21, 22, 31, 32,41, 42 3Cr–1Mo 5A (1) (9) 75 45 1.00 21.4 21.4 20.9 20.6 20.5 20.4 20.2 20.0 19.7 19.3 18.1 13.1 9.5 6.8 4.9 3.2 … … 3CR
A691 5CR 20, 23 5Cr–1∕2Mo 5B (1) (8) 60 30 0.90 15.4 15.4 14.9 14.8 14.8 14.6 14.3 14.0 13.6 13.1 12.5 9.8 7.2 5.2 3.8 2.6 1.6 0.9 5CR A6915CR 21, 22 5Cr–1∕2Mo 5B (1) (8) 60 30 1.00 17.1 17.1 16.6 16.5 16.4 16.2 15.9 15.6 15.1 14.5 13.8 10.9 8.0 5.8 4.2 2.9 1.8 1.0 5CR5CR 20, 23, 30, 33,40, 43 5Cr–1∕2Mo 5B (1) (9) 75 45 0.90 19.3 19.2 18.7 18.5 18.5 18.2 17.9 17.5 17.0 16.4 12.9 9.8 7.2 5.2 3.8 2.6 1.6 0.9 5CR5CR 21, 22, 31, 32,41, 42 5Cr–1∕2Mo 5B (1) (9) 75 45 1.00 21.4 21.4 20.8 20.6 20.5 20.2 19.9 19.5 18.9 18.2 14.3 10.9 8.0 5.8 4.2 2.9 1.8 1.0 5CR
A691 91 40, 43, 50, 53 9Cr–1Mo–V 15E (1) (9) 85 60 0.90 21.9 21.9 21.9 21.8 21.7 21.4 21.0 20.6 20.0 19.2 18.3 17.2 16.0 14.7 12.6 9.3 6.3 3.8 91 A69191 41, 42, 51, 52 9Cr–1Mo–V 15E (1) (9) 85 60 1.00 24.3 24.3 24.3 24.2 24.1 23.7 23.4 22.9 22.2 21.3 20.3 19.1 17.8 16.3 14.0 10.3 7.0 4.3 91

Plate PlateA387 2 1 1∕2Cr–1∕2Mo 3 … 55 33 1.00 15.7 15.7 15.7 15.7 15.7 15.7 15.7 15.7 15.7 15.7 15.3 14.3 9.2 5.9 … … … … 2 A3872 2 1∕2Cr–1∕2Mo 3 (1) 70 45 1.00 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 19.5 18.6 9.2 5.9 … … … … 25 1 5Cr–1∕2Mo 5B … 60 30 1.00 17.1 17.1 16.6 16.5 16.4 16.2 15.9 15.6 15.1 14.5 13.8 10.9 8.0 5.8 4.2 2.9 1.8 1.0 55 2 5Cr–1∕2Mo 5B (1) 75 45 1.00 21.4 21.4 20.8 20.6 20.5 20.2 19.9 19.5 18.9 18.2 14.3 10.9 8.0 5.8 4.2 2.9 1.8 1.0 5A387 11 1 11∕4Cr–1∕2Mo–Si 4 … 60 35 1.00 17.1 17.1 17.1 17.1 17.1 17.1 17.1 17.1 17.1 16.8 16.4 13.7 9.3 6.3 4.2 2.8 … … 11 A38711 2 11∕4Cr–1∕2Mo–Si 4 … 75 45 1.00 21.4 21.4 21.4 21.4 21.4 21.4 21.4 21.4 21.4 21.4 20.2 13.7 9.3 6.3 4.2 2.8 … … 1112 1 1Cr–1∕2Mo 4 … 55 33 1.00 15.7 15.4 15.1 15.1 15.1 15.1 15.1 15.1 15.1 15.1 15.1 14.7 11.3 7.2 4.5 2.8 … … 1212 2 1Cr–1∕2Mo 4 … 65 40 1.00 18.6 18.2 17.9 17.9 17.9 17.9 17.9 17.9 17.9 17.9 17.9 17.4 11.3 7.2 4.5 2.8 … … 12
A387 21 1 3Cr–1Mo 5A … 60 30 1.00 17.1 17.1 16.6 16.6 16.6 16.6 16.6 16.6 16.6 16.6 16.0 12.0 9.0 7.0 5.5 4.0 … … 21 A38721 2 3Cr–1Mo 5A … 75 45 1.00 21.4 21.4 20.9 20.6 20.5 20.4 20.2 20.0 19.7 19.3 18.1 13.1 9.5 6.8 4.9 3.2 … … 2122 1 21∕4Cr–1Mo 5A (5) 60 30 1.00 17.1 17.1 16.6 16.6 16.6 16.6 16.6 16.6 16.6 16.6 16.6 13.6 10.8 8.0 5.7 3.8 … … 2222 2 21∕4Cr–1Mo 5A (5) 75 45 1.00 21.4 21.4 20.9 20.6 20.5 20.4 20.2 20.0 19.7 19.3 18.7 15.8 11.4 7.8 5.1 3.2 … … 22
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Spec.
No. Grade Type or Class

Nominal
Composition P-No. Notes

Specified
Minimum
Tensile,
ksi

Specified
Minimum
Yield,
ksi

E
or
F

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

Grade
Spec.
No.100 200 300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200

Electric Fusion Welded Pipe — Filler Metal Added Electric Fusion Welded Pipe — Filler Metal Added (Cont’d)1CR 21, 22, 31, 32,41, 42 1Cr–1∕2Mo 4 (1) (9) 65 40 1.00 18.6 18.2 17.9 17.9 17.9 17.9 17.9 17.9 17.9 17.9 17.9 17.4 11.3 7.2 4.5 2.8 … … 1CR
A691 11∕4CR 20, 23 11∕4Cr–1∕2Mo–Si 4 (1) (8) 60 35 0.90 15.4 15.4 15.4 15.4 15.4 15.4 15.4 15.4 15.4 15.1 14.7 12.3 8.4 5.7 3.8 2.5 … … 11∕4CR A69111∕4CR 21, 22 11∕4Cr–1∕2Mo–Si 4 (1) (8) 60 35 1.00 17.1 17.1 17.1 17.1 17.1 17.1 17.1 17.1 17.1 16.8 16.4 13.7 9.3 6.3 4.2 2.8 … … 11∕4CR11∕4CR 20, 23, 30, 33,40, 43 11∕4Cr–1∕2Mo–Si 4 (1) (9) 75 45 0.90 19.3 19.3 19.3 19.3 19.3 19.3 19.3 19.3 19.3 19.3 18.2 12.3 8.4 5.7 3.8 2.5 … … 11∕4CR11∕4CR 21, 22, 31, 32,41, 42 11∕4Cr–1∕2Mo–Si 4 (1) (9) 75 45 1.00 21.4 21.4 21.4 21.4 21.4 21.4 21.4 21.4 21.4 21.4 20.2 13.7 9.3 6.3 4.2 2.8 … … 11∕4CRA691 21∕4CR 20, 23 21∕4Cr–1Mo 5A (1) (5) (8) 60 30 0.90 15.4 15.4 15.0 14.9 14.8 14.6 14.4 14.2 14.0 13.7 13.4 13.0 10.3 7.0 4.6 2.9 … … 21∕4CR A69121∕4CR 21, 22 21∕4Cr–1Mo 5A (1) (5) (8) 60 30 1.00 17.1 17.1 16.6 16.6 16.6 16.6 16.6 16.6 16.6 16.6 16.6 13.6 10.8 8.0 5.7 3.8 … … 21∕4CR21∕4CR 20, 23, 30, 33,40, 43 21∕4Cr–1Mo 5A (1) (5) (9) 75 45 0.90 19.3 19.3 18.8 18.6 18.5 18.3 18.2 18.0 17.7 17.4 16.8 14.2 10.3 7.0 4.6 2.9 … … 21∕4CR21∕4CR 21, 22, 31, 32,41, 42 21∕4Cr–1Mo 5A (1) (5) (9) 75 45 1.00 21.4 21.4 20.9 20.6 20.5 20.4 20.2 20.0 19.7 19.3 18.7 15.8 11.4 7.8 5.1 3.2 … … 21∕4CR
A691 3CR 20, 23 3Cr–1Mo 5A (1) (8) 60 30 0.90 15.4 15.4 15.0 15.0 15.0 15.0 15.0 15.0 15.0 15.0 14.4 10.8 8.1 6.3 5.0 3.6 … … 3CR A6913CR 21, 22 3Cr–1Mo 5A (1) (8) 60 30 1.00 17.1 17.1 16.6 16.6 16.6 16.6 16.6 16.6 16.6 16.6 16.0 12.0 9.0 7.0 5.5 4.0 … … 3CR3CR 20, 23, 30, 33,40, 43 3Cr–1Mo 5A (1) (9) 75 45 0.90 19.3 19.3 18.8 18.6 18.5 18.3 18.2 18.0 17.7 17.4 16.3 11.8 8.6 6.1 4.4 2.9 … … 3CR3CR 21, 22, 31, 32,41, 42 3Cr–1Mo 5A (1) (9) 75 45 1.00 21.4 21.4 20.9 20.6 20.5 20.4 20.2 20.0 19.7 19.3 18.1 13.1 9.5 6.8 4.9 3.2 … … 3CR
A691 5CR 20, 23 5Cr–1∕2Mo 5B (1) (8) 60 30 0.90 15.4 15.4 14.9 14.8 14.8 14.6 14.3 14.0 13.6 13.1 12.5 9.8 7.2 5.2 3.8 2.6 1.6 0.9 5CR A6915CR 21, 22 5Cr–1∕2Mo 5B (1) (8) 60 30 1.00 17.1 17.1 16.6 16.5 16.4 16.2 15.9 15.6 15.1 14.5 13.8 10.9 8.0 5.8 4.2 2.9 1.8 1.0 5CR5CR 20, 23, 30, 33,40, 43 5Cr–1∕2Mo 5B (1) (9) 75 45 0.90 19.3 19.2 18.7 18.5 18.5 18.2 17.9 17.5 17.0 16.4 12.9 9.8 7.2 5.2 3.8 2.6 1.6 0.9 5CR5CR 21, 22, 31, 32,41, 42 5Cr–1∕2Mo 5B (1) (9) 75 45 1.00 21.4 21.4 20.8 20.6 20.5 20.2 19.9 19.5 18.9 18.2 14.3 10.9 8.0 5.8 4.2 2.9 1.8 1.0 5CR
A691 91 40, 43, 50, 53 9Cr–1Mo–V 15E (1) (9) 85 60 0.90 21.9 21.9 21.9 21.8 21.7 21.4 21.0 20.6 20.0 19.2 18.3 17.2 16.0 14.7 12.6 9.3 6.3 3.8 91 A69191 41, 42, 51, 52 9Cr–1Mo–V 15E (1) (9) 85 60 1.00 24.3 24.3 24.3 24.2 24.1 23.7 23.4 22.9 22.2 21.3 20.3 19.1 17.8 16.3 14.0 10.3 7.0 4.3 91

Plate PlateA387 2 1 1∕2Cr–1∕2Mo 3 … 55 33 1.00 15.7 15.7 15.7 15.7 15.7 15.7 15.7 15.7 15.7 15.7 15.3 14.3 9.2 5.9 … … … … 2 A3872 2 1∕2Cr–1∕2Mo 3 (1) 70 45 1.00 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 19.5 18.6 9.2 5.9 … … … … 25 1 5Cr–1∕2Mo 5B … 60 30 1.00 17.1 17.1 16.6 16.5 16.4 16.2 15.9 15.6 15.1 14.5 13.8 10.9 8.0 5.8 4.2 2.9 1.8 1.0 55 2 5Cr–1∕2Mo 5B (1) 75 45 1.00 21.4 21.4 20.8 20.6 20.5 20.2 19.9 19.5 18.9 18.2 14.3 10.9 8.0 5.8 4.2 2.9 1.8 1.0 5A387 11 1 11∕4Cr–1∕2Mo–Si 4 … 60 35 1.00 17.1 17.1 17.1 17.1 17.1 17.1 17.1 17.1 17.1 16.8 16.4 13.7 9.3 6.3 4.2 2.8 … … 11 A38711 2 11∕4Cr–1∕2Mo–Si 4 … 75 45 1.00 21.4 21.4 21.4 21.4 21.4 21.4 21.4 21.4 21.4 21.4 20.2 13.7 9.3 6.3 4.2 2.8 … … 1112 1 1Cr–1∕2Mo 4 … 55 33 1.00 15.7 15.4 15.1 15.1 15.1 15.1 15.1 15.1 15.1 15.1 15.1 14.7 11.3 7.2 4.5 2.8 … … 1212 2 1Cr–1∕2Mo 4 … 65 40 1.00 18.6 18.2 17.9 17.9 17.9 17.9 17.9 17.9 17.9 17.9 17.9 17.4 11.3 7.2 4.5 2.8 … … 12
A387 21 1 3Cr–1Mo 5A … 60 30 1.00 17.1 17.1 16.6 16.6 16.6 16.6 16.6 16.6 16.6 16.6 16.0 12.0 9.0 7.0 5.5 4.0 … … 21 A38721 2 3Cr–1Mo 5A … 75 45 1.00 21.4 21.4 20.9 20.6 20.5 20.4 20.2 20.0 19.7 19.3 18.1 13.1 9.5 6.8 4.9 3.2 … … 2122 1 21∕4Cr–1Mo 5A (5) 60 30 1.00 17.1 17.1 16.6 16.6 16.6 16.6 16.6 16.6 16.6 16.6 16.6 13.6 10.8 8.0 5.7 3.8 … … 2222 2 21∕4Cr–1Mo 5A (5) 75 45 1.00 21.4 21.4 20.9 20.6 20.5 20.4 20.2 20.0 19.7 19.3 18.7 15.8 11.4 7.8 5.1 3.2 … … 22
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Spec.
No. Grade Type or Class

Nominal
Composition P-No. Notes

Specified
Minimum
Tensile,
ksi

Specified
Minimum
Yield,
ksi

E
or
F

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

Grade
Spec.
No.100 200 300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200

Plate  (Cont’d) Plate (Cont’d)A387 91 2 9Cr–1Mo–1V 15E (10) 85 60 1.00 24.3 24.3 24.3 24.2 24.1 23.7 23.4 22.9 22.2 21.3 20.3 19.1 17.8 16.3 14.0 10.3 7.0 4.3 91 A38791 2 9Cr–1Mo–1V 15E (11) 85 60 1.00 24.3 24.3 24.3 24.2 24.1 23.7 23.4 22.9 22.2 21.3 20.3 19.1 17.8 16.3 12.9 9.6 7.0 4.3 91
Forgings ForgingsA182 F1 … C–1∕2Mo 3 (2) 70 40 1.00 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 19.9 19.3 … … … … … … … F1 A182F2 … 1∕2Cr–1∕2Mo 3 … 70 40 1.00 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 19.9 19.3 18.6 9.2 5.9 … … … … F2F5 … 5Cr–1∕2Mo 5B … 70 40 1.00 20.0 20.0 19.4 19.2 19.2 18.9 18.6 18.2 17.6 17.0 14.3 10.9 8.0 5.8 4.2 2.9 1.8 1.0 F5F5a … 5Cr–1∕2Mo 5B … 90 65 1.00 25.7 25.7 24.9 24.7 24.6 24.3 23.9 23.4 22.7 19.1 14.3 10.9 8.0 5.8 4.2 2.9 1.8 1.0 F5a

A182 F11 Class 1 11∕4Cr–1∕2Mo–Si 4 … 60 30 1.00 17.1 17.1 17.1 16.8 16.2 15.7 15.4 15.1 14.8 14.4 14.0 13.6 9.3 6.3 4.2 2.8 … … F11 A182F11 Class 2 11∕4Cr–1∕2Mo–Si 4 … 70 40 1.00 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 19.7 19.2 18.7 13.7 9.3 6.3 4.2 2.8 … … F11F11 Class 3 11∕4Cr–1∕2Mo–Si 4 … 75 45 1.00 21.4 21.4 21.4 21.4 21.4 21.4 21.4 21.4 21.4 21.4 20.2 13.7 9.3 6.3 4.2 2.8 … … F11F12 Class 1 1Cr–1∕2Mo 4 … 60 30 1.00 17.1 16.8 16.5 16.5 16.5 16.3 16.0 15.8 15.5 15.3 14.9 14.5 11.3 7.2 4.5 2.8 … … F12F12 Class 2 1Cr–1∕2Mo 4 … 70 40 1.00 20.0 19.6 19.2 19.2 19.2 19.2 19.2 19.2 19.2 19.1 18.6 18.0 11.3 7.2 4.5 2.8 … … F12F21 … 3Cr–1Mo 5A … 75 45 1.00 21.4 21.4 20.9 20.6 20.5 20.4 20.2 20.0 19.7 19.3 18.1 13.1 9.5 6.8 4.9 3.2 … … F21F22 Class 1 21∕4Cr–1Mo 5A (5) 60 30 1.00 17.1 17.1 16.6 16.6 16.6 16.6 16.6 16.6 16.6 16.6 16.6 13.6 10.8 8.0 5.7 3.8 … … F22F22 Class 3 21∕4Cr–1Mo 5A (5) 75 45 1.00 21.4 21.4 20.9 20.6 20.5 20.4 20.2 20.0 19.7 19.3 18.7 15.8 11.4 7.8 5.1 3.2 … … F22F36 Class 1 1.15Ni–0.65Cu–Mo–Cb … (12) (13) 90 64 1.00 25.7 25.7 25.1 25.1 25.1 25.1 25.1 25.1 … … … … … … … … … … F36F36 Class 2 1.15Ni–0.65Cu–Mo–Cb … (12) (13) 95.5 66.5 1.00 27.3 27.3 26.6 26.6 26.6 26.6 26.6 26.6 … … … … … … … … … … F36F9 … 9Cr–1Mo 5B … 85 55 1.00 24.3 24.2 23.5 23.4 23.3 22.9 22.6 22.1 21.4 20.6 19.6 16.4 11.0 7.4 5.0 3.3 2.2 1.5 F9F91 … 9Cr–1Mo–V 15E … 85 60 1.00 24.3 24.3 24.3 24.2 24.1 23.7 23.4 22.9 22.2 21.3 20.3 19.1 17.8 16.3 14.0 10.3 7.0 4.3 F91A336 F1 … C–1∕2Mo 3 (2) 70 40 1.00 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 19.9 19.3 13.7 8.2 4.8 … … … … F1 A336F5 … 5Cr–1∕2Mo 5B … 60 36 1.00 17.1 17.1 16.6 16.5 16.4 16.2 15.9 15.6 15.1 14.5 13.8 10.9 8.0 5.8 4.2 2.9 1.8 1.0 F5F5A … 5Cr–1∕2Mo 5B … 80 50 1.00 22.9 22.8 22.1 22.0 21.9 21.6 21.3 20.8 20.2 19.1 14.3 10.9 8.0 5.8 4.2 2.9 1.8 1.0 F5AF11 Class 1 11∕4Cr–1∕2Mo–Si 4 … 60 30 1.00 17.1 17.1 17.1 16.8 16.2 15.7 15.4 15.1 14.8 14.4 14.0 13.6 9.3 6.3 4.2 2.8 … … F11F11 Class 2 11∕4Cr–1∕2Mo–Si 4 … 70 40 1.00 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 19.7 19.2 18.7 13.7 9.3 6.3 4.2 2.8 … … F11F11 Class 3 11∕4Cr–1∕2Mo–Si 4 … 75 45 1.00 21.4 21.4 21.4 21.4 21.4 21.4 21.4 21.4 21.4 21.4 20.2 13.7 9.3 6.3 4.2 2.8 … … F11F12 … 1Cr–1∕2Mo 4 … 70 40 1.00 20.0 19.6 19.2 19.2 19.2 19.2 19.2 19.2 19.2 19.1 18.6 18.0 11.3 7.2 4.5 2.8 … … F12F21 Class 1 3Cr–1Mo 5A … 60 30 1.00 17.1 17.1 16.6 16.6 16.6 16.6 16.6 16.6 16.6 16.6 16.0 12.0 9.0 7.0 5.5 4.0 2.7 1.5 F21F21 Class 3 3Cr–1Mo 5A … 75 45 1.00 21.4 21.4 20.9 20.6 20.5 20.4 20.2 20.0 19.7 19.3 18.1 13.1 9.5 6.8 4.9 3.2 2.4 1.3 F21F22 Class 1 21∕4Cr–1Mo 5A (5) 60 30 1.00 17.1 17.1 16.6 16.6 16.6 16.6 16.6 16.6 16.6 16.6 16.6 13.6 10.8 8.0 5.7 3.8 … … F22F22 Class 3 21∕4Cr–1Mo 5A (5) 75 45 1.00 21.4 21.4 20.9 20.6 20.5 20.4 20.2 20.0 19.7 19.3 18.7 15.8 11.4 7.8 5.1 3.2 … … F22F91 … 9Cr–1Mo–V 15E (10) 85 60 1.00 24.3 24.3 24.3 24.2 24.1 23.7 23.4 22.9 22.2 21.3 20.3 19.1 17.8 16.3 14.0 10.3 7.0 4.3 F91F91 … 9Cr–1Mo–V 15E (11) 85 60 1.00 24.3 24.3 24.3 24.2 24.1 23.7 23.4 22.9 22.2 21.3 20.3 19.1 17.8 16.3 12.9 9.6 7.0 4.3 F91A350 LF3 … 31∕2Ni 9B (1) 70 40 1.00 20.0 20.0 20.0 20.0 20.0 18.8 17.9 … … … … … … … … … … … LF3 A350LF4 … 3∕4Cr–3∕4Ni–Cu–Al 4 (1) 60 … 1.00 17.1 17.1 17.1 17.1 17.1 17.1 17.1 … … … … … … … … … … … LF4LF5 Class 1 11∕2Ni 9A (1) 60 30 1.00 17.1 16.5 15.7 15.3 15.3 … … … … … … … … … … … … … LF5LF5 Class 2 11∕2Ni 9A (1) 70 37 1.00 20.0 19.2 18.3 17.8 17.8 … … … … … … … … … … … … … LF5LF9 … 2Ni–1Cu 9A (1) 63 46 1.00 18.0 … … … … … … … … … … … … … … … … … LF9
Wrought Fittings (Seamless and Welded) Wrought Fittings (Seamless and Welded)A234 WP1 … C–1∕2Mo 3 (2) 55 30 1.00 15.7 15.7 15.7 15.7 15.7 15.7 15.7 15.7 15.4 14.9 14.5 … … … … … … … WP1 A234WP5 Class 1 5Cr–1∕2Mo 5B … 60 30 1.00 17.1 17.1 16.6 16.5 16.4 16.2 15.9 15.6 15.1 14.5 13.8 10.9 8.0 5.8 4.2 2.9 1.8 1.0 WP5WP5 Class 3 5Cr–1∕2Mo 5B … 75 45 1.00 21.4 21.4 20.8 20.6 20.5 20.2 19.9 19.5 18.9 18.2 14.3 10.9 8.0 5.8 4.2 2.9 1.8 1.0 WP5WP9 Class 1 9Cr–1Mo 5B … 60 30 1.00 17.1 17.1 16.6 16.5 16.4 16.2 15.9 15.6 15.1 14.5 13.8 13.0 10.6 7.4 5.0 3.3 2.2 1.5 WP9WP11 Class 1 11∕4Cr–1∕2Mo 4 … 60 30 1.00 17.1 17.1 17.1 16.8 16.2 15.7 15.4 15.1 14.8 14.4 14.0 13.6 9.3 6.3 4.2 2.8 … … WP11
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Spec.
No. Grade Type or Class

Nominal
Composition P-No. Notes

Specified
Minimum
Tensile,
ksi

Specified
Minimum
Yield,
ksi

E
or
F

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

Grade
Spec.
No.100 200 300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200

Plate Plate (Cont’d)A387 91 2 9Cr–1Mo–1V 15E (10) 85 60 1.00 24.3 24.3 24.3 24.2 24.1 23.7 23.4 22.9 22.2 21.3 20.3 19.1 17.8 16.3 14.0 10.3 7.0 4.3 91 A38791 2 9Cr–1Mo–1V 15E (11) 85 60 1.00 24.3 24.3 24.3 24.2 24.1 23.7 23.4 22.9 22.2 21.3 20.3 19.1 17.8 16.3 12.9 9.6 7.0 4.3 91
Forgings ForgingsA182 F1 … C–1∕2Mo 3 (2) 70 40 1.00 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 19.9 19.3 … … … … … … … F1 A182F2 … 1∕2Cr–1∕2Mo 3 … 70 40 1.00 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 19.9 19.3 18.6 9.2 5.9 … … … … F2F5 … 5Cr–1∕2Mo 5B … 70 40 1.00 20.0 20.0 19.4 19.2 19.2 18.9 18.6 18.2 17.6 17.0 14.3 10.9 8.0 5.8 4.2 2.9 1.8 1.0 F5F5a … 5Cr–1∕2Mo 5B … 90 65 1.00 25.7 25.7 24.9 24.7 24.6 24.3 23.9 23.4 22.7 19.1 14.3 10.9 8.0 5.8 4.2 2.9 1.8 1.0 F5a

A182 F11 Class 1 11∕4Cr–1∕2Mo–Si 4 … 60 30 1.00 17.1 17.1 17.1 16.8 16.2 15.7 15.4 15.1 14.8 14.4 14.0 13.6 9.3 6.3 4.2 2.8 … … F11 A182F11 Class 2 11∕4Cr–1∕2Mo–Si 4 … 70 40 1.00 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 19.7 19.2 18.7 13.7 9.3 6.3 4.2 2.8 … … F11F11 Class 3 11∕4Cr–1∕2Mo–Si 4 … 75 45 1.00 21.4 21.4 21.4 21.4 21.4 21.4 21.4 21.4 21.4 21.4 20.2 13.7 9.3 6.3 4.2 2.8 … … F11F12 Class 1 1Cr–1∕2Mo 4 … 60 30 1.00 17.1 16.8 16.5 16.5 16.5 16.3 16.0 15.8 15.5 15.3 14.9 14.5 11.3 7.2 4.5 2.8 … … F12F12 Class 2 1Cr–1∕2Mo 4 … 70 40 1.00 20.0 19.6 19.2 19.2 19.2 19.2 19.2 19.2 19.2 19.1 18.6 18.0 11.3 7.2 4.5 2.8 … … F12F21 … 3Cr–1Mo 5A … 75 45 1.00 21.4 21.4 20.9 20.6 20.5 20.4 20.2 20.0 19.7 19.3 18.1 13.1 9.5 6.8 4.9 3.2 … … F21F22 Class 1 21∕4Cr–1Mo 5A (5) 60 30 1.00 17.1 17.1 16.6 16.6 16.6 16.6 16.6 16.6 16.6 16.6 16.6 13.6 10.8 8.0 5.7 3.8 … … F22F22 Class 3 21∕4Cr–1Mo 5A (5) 75 45 1.00 21.4 21.4 20.9 20.6 20.5 20.4 20.2 20.0 19.7 19.3 18.7 15.8 11.4 7.8 5.1 3.2 … … F22F36 Class 1 1.15Ni–0.65Cu–Mo–Cb … (12) (13) 90 64 1.00 25.7 25.7 25.1 25.1 25.1 25.1 25.1 25.1 … … … … … … … … … … F36F36 Class 2 1.15Ni–0.65Cu–Mo–Cb … (12) (13) 95.5 66.5 1.00 27.3 27.3 26.6 26.6 26.6 26.6 26.6 26.6 … … … … … … … … … … F36F9 … 9Cr–1Mo 5B … 85 55 1.00 24.3 24.2 23.5 23.4 23.3 22.9 22.6 22.1 21.4 20.6 19.6 16.4 11.0 7.4 5.0 3.3 2.2 1.5 F9F91 … 9Cr–1Mo–V 15E … 85 60 1.00 24.3 24.3 24.3 24.2 24.1 23.7 23.4 22.9 22.2 21.3 20.3 19.1 17.8 16.3 14.0 10.3 7.0 4.3 F91A336 F1 … C–1∕2Mo 3 (2) 70 40 1.00 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 19.9 19.3 13.7 8.2 4.8 … … … … F1 A336F5 … 5Cr–1∕2Mo 5B … 60 36 1.00 17.1 17.1 16.6 16.5 16.4 16.2 15.9 15.6 15.1 14.5 13.8 10.9 8.0 5.8 4.2 2.9 1.8 1.0 F5F5A … 5Cr–1∕2Mo 5B … 80 50 1.00 22.9 22.8 22.1 22.0 21.9 21.6 21.3 20.8 20.2 19.1 14.3 10.9 8.0 5.8 4.2 2.9 1.8 1.0 F5AF11 Class 1 11∕4Cr–1∕2Mo–Si 4 … 60 30 1.00 17.1 17.1 17.1 16.8 16.2 15.7 15.4 15.1 14.8 14.4 14.0 13.6 9.3 6.3 4.2 2.8 … … F11F11 Class 2 11∕4Cr–1∕2Mo–Si 4 … 70 40 1.00 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 19.7 19.2 18.7 13.7 9.3 6.3 4.2 2.8 … … F11F11 Class 3 11∕4Cr–1∕2Mo–Si 4 … 75 45 1.00 21.4 21.4 21.4 21.4 21.4 21.4 21.4 21.4 21.4 21.4 20.2 13.7 9.3 6.3 4.2 2.8 … … F11F12 … 1Cr–1∕2Mo 4 … 70 40 1.00 20.0 19.6 19.2 19.2 19.2 19.2 19.2 19.2 19.2 19.1 18.6 18.0 11.3 7.2 4.5 2.8 … … F12F21 Class 1 3Cr–1Mo 5A … 60 30 1.00 17.1 17.1 16.6 16.6 16.6 16.6 16.6 16.6 16.6 16.6 16.0 12.0 9.0 7.0 5.5 4.0 2.7 1.5 F21F21 Class 3 3Cr–1Mo 5A … 75 45 1.00 21.4 21.4 20.9 20.6 20.5 20.4 20.2 20.0 19.7 19.3 18.1 13.1 9.5 6.8 4.9 3.2 2.4 1.3 F21F22 Class 1 21∕4Cr–1Mo 5A (5) 60 30 1.00 17.1 17.1 16.6 16.6 16.6 16.6 16.6 16.6 16.6 16.6 16.6 13.6 10.8 8.0 5.7 3.8 … … F22F22 Class 3 21∕4Cr–1Mo 5A (5) 75 45 1.00 21.4 21.4 20.9 20.6 20.5 20.4 20.2 20.0 19.7 19.3 18.7 15.8 11.4 7.8 5.1 3.2 … … F22F91 … 9Cr–1Mo–V 15E (10) 85 60 1.00 24.3 24.3 24.3 24.2 24.1 23.7 23.4 22.9 22.2 21.3 20.3 19.1 17.8 16.3 14.0 10.3 7.0 4.3 F91F91 … 9Cr–1Mo–V 15E (11) 85 60 1.00 24.3 24.3 24.3 24.2 24.1 23.7 23.4 22.9 22.2 21.3 20.3 19.1 17.8 16.3 12.9 9.6 7.0 4.3 F91A350 LF3 … 31∕2Ni 9B (1) 70 40 1.00 20.0 20.0 20.0 20.0 20.0 18.8 17.9 … … … … … … … … … … … LF3 A350LF4 … 3∕4Cr–3∕4Ni–Cu–Al 4 (1) 60 … 1.00 17.1 17.1 17.1 17.1 17.1 17.1 17.1 … … … … … … … … … … … LF4LF5 Class 1 11∕2Ni 9A (1) 60 30 1.00 17.1 16.5 15.7 15.3 15.3 … … … … … … … … … … … … … LF5LF5 Class 2 11∕2Ni 9A (1) 70 37 1.00 20.0 19.2 18.3 17.8 17.8 … … … … … … … … … … … … … LF5LF9 … 2Ni–1Cu 9A (1) 63 46 1.00 18.0 … … … … … … … … … … … … … … … … … LF9
Wrought Fittings (Seamless and Welded) Wrought Fittings (Seamless and Welded)A234 WP1 … C–1∕2Mo 3 (2) 55 30 1.00 15.7 15.7 15.7 15.7 15.7 15.7 15.7 15.7 15.4 14.9 14.5 … … … … … … … WP1 A234WP5 Class 1 5Cr–1∕2Mo 5B … 60 30 1.00 17.1 17.1 16.6 16.5 16.4 16.2 15.9 15.6 15.1 14.5 13.8 10.9 8.0 5.8 4.2 2.9 1.8 1.0 WP5WP5 Class 3 5Cr–1∕2Mo 5B … 75 45 1.00 21.4 21.4 20.8 20.6 20.5 20.2 19.9 19.5 18.9 18.2 14.3 10.9 8.0 5.8 4.2 2.9 1.8 1.0 WP5WP9 Class 1 9Cr–1Mo 5B … 60 30 1.00 17.1 17.1 16.6 16.5 16.4 16.2 15.9 15.6 15.1 14.5 13.8 13.0 10.6 7.4 5.0 3.3 2.2 1.5 WP9WP11 Class 1 11∕4Cr–1∕2Mo 4 … 60 30 1.00 17.1 17.1 17.1 16.8 16.2 15.7 15.4 15.1 14.8 14.4 14.0 13.6 9.3 6.3 4.2 2.8 … … WP11
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Spec.
No. Grade Type or Class

Nominal
Composition P-No. Notes

Specified
Minimum
Tensile,
ksi

Specified
Minimum
Yield,
ksi

E
or
F

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

Grade
Spec.
No.100 200 300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200

Wrought Fittings (Seamless and Welded)   (Cont’d) Wrought Fittings (Seamless and Welded) (Cont’d)WP11 Class 3 11∕4Cr–1∕2Mo 4 … 75 45 1.00 21.4 21.4 21.4 21.4 21.4 21.4 21.4 21.4 21.4 21.4 20.2 13.7 9.3 6.3 4.2 2.8 … … WP11WP12 Class 1 1Cr–1∕2Mo 4 (6) 60 32 1.00 17.1 16.8 16.5 16.5 16.5 16.3 16.0 15.8 15.5 15.3 14.9 14.5 11.3 7.2 4.5 2.8 … … WP12WP12 Class 2 1Cr–1∕2Mo 4 … 70 40 1.00 20.0 19.6 19.2 19.2 19.2 19.2 19.2 19.2 19.2 19.1 18.6 18.0 11.3 7.2 4.5 2.8 … … WP12
A234 WP22 Class 1 21∕4Cr–1Mo 5A (5) 60 30 1.00 17.1 17.1 16.6 16.6 16.6 16.6 16.6 16.6 16.6 16.6 16.6 13.6 10.8 8.0 5.7 3.8 … … WP22 A234WP22 Class 3 21∕4Cr–1Mo 5A (5) 75 45 1.00 21.4 21.4 20.9 20.6 20.5 20.4 20.2 20.0 19.7 19.3 18.7 15.8 11.4 7.8 5.1 3.2 … … WP22WP91 … 9Cr–1Mo–V 15E (10) 85 60 1.00 24.3 24.3 24.3 24.2 24.1 23.7 23.4 22.9 22.2 21.3 20.3 19.1 17.8 16.3 14.0 10.3 7.0 4.3 WP91WP91 … 9Cr–1Mo–V 15E (11) 85 60 1.00 24.3 24.3 24.3 24.2 24.1 23.7 23.4 22.9 22.2 21.3 20.3 19.1 17.8 16.3 12.9 9.6 7.0 4.3 WP91

Castings CastingsA217 WC1 … C–1∕2Mo 3 (2) (3) (4) 65 35 0.80 14.9 14.9 14.9 14.9 14.9 14.9 14.9 14.7 14.3 13.9 13.5 … … … … … … … WC1 A217WC4 … 1Ni–1∕2Cr–1∕2Mo 4 (3) (4) 70 40 0.80 16.0 16.0 16.0 16.0 16.0 16.0 16.0 16.0 16.0 16.0 15.4 12.0 7.4 4.7 … … … … WC4WC5 … 3∕4Ni–1Mo–3∕4Cr 4 (3) (4) 70 40 0.80 16.0 16.0 16.0 16.0 16.0 16.0 16.0 16.0 16.0 16.0 15.4 13.0 8.8 5.5 3.7 2.2 … … WC5WC6 … 11∕4Cr–1∕2Mo 4 (3) (4) 70 40 0.80 16.0 16.0 16.0 16.0 16.0 16.0 16.0 16.0 15.8 15.4 15.0 11.0 7.4 5.0 3.4 2.2 … … WC6
A217 WC9 … 21∕4Cr–1Mo 5A (3) (4) 70 40 0.80 16.0 16.0 15.8 15.5 15.4 15.4 15.3 15.0 14.8 14.3 13.8 12.6 9.1 6.2 4.1 2.6 … … WC9 A217C5 … 5Cr–1∕2Mo 5B (3) (4) 90 60 0.80 20.6 20.6 19.9 19.8 19.7 19.4 19.1 18.7 18.2 15.3 11.4 8.7 6.4 4.6 3.4 2.3 1.4 0.8 C5C12 … 9Cr–1Mo 5B (3) (4) 90 60 0.80 20.6 20.6 19.9 19.8 19.7 19.4 19.1 18.7 18.2 17.4 16.6 13.1 8.8 5.9 4.0 2.6 1.8 1.2 C12C12A … 9Cr–1Mo–V 15E (4) (14) 85 60 0.80 19.4 19.4 18.9 18.2 17.6 17.1 16.8 16.5 16.2 15.8 15.3 14.8 14.2 11.4 9.1 7.0 5.2 3.4 C12A
A1091 C91 1 9Cr–1Mo–V 15E (4) (14) 85 60 0.80 19.4 19.4 18.9 18.2 17.6 17.1 16.8 16.5 16.2 15.8 15.3 14.8 14.2 11.4 9.1 7.0 5.2 3.4 C91 A1091
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Spec.
No. Grade Type or Class

Nominal
Composition P-No. Notes

Specified
Minimum
Tensile,
ksi

Specified
Minimum
Yield,
ksi

E
or
F

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

Grade
Spec.
No.100 200 300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200

Wrought Fittings (Seamless and Welded) Wrought Fittings (Seamless and Welded) (Cont’d)WP11 Class 3 11∕4Cr–1∕2Mo 4 … 75 45 1.00 21.4 21.4 21.4 21.4 21.4 21.4 21.4 21.4 21.4 21.4 20.2 13.7 9.3 6.3 4.2 2.8 … … WP11WP12 Class 1 1Cr–1∕2Mo 4 (6) 60 32 1.00 17.1 16.8 16.5 16.5 16.5 16.3 16.0 15.8 15.5 15.3 14.9 14.5 11.3 7.2 4.5 2.8 … … WP12WP12 Class 2 1Cr–1∕2Mo 4 … 70 40 1.00 20.0 19.6 19.2 19.2 19.2 19.2 19.2 19.2 19.2 19.1 18.6 18.0 11.3 7.2 4.5 2.8 … … WP12
A234 WP22 Class 1 21∕4Cr–1Mo 5A (5) 60 30 1.00 17.1 17.1 16.6 16.6 16.6 16.6 16.6 16.6 16.6 16.6 16.6 13.6 10.8 8.0 5.7 3.8 … … WP22 A234WP22 Class 3 21∕4Cr–1Mo 5A (5) 75 45 1.00 21.4 21.4 20.9 20.6 20.5 20.4 20.2 20.0 19.7 19.3 18.7 15.8 11.4 7.8 5.1 3.2 … … WP22WP91 … 9Cr–1Mo–V 15E (10) 85 60 1.00 24.3 24.3 24.3 24.2 24.1 23.7 23.4 22.9 22.2 21.3 20.3 19.1 17.8 16.3 14.0 10.3 7.0 4.3 WP91WP91 … 9Cr–1Mo–V 15E (11) 85 60 1.00 24.3 24.3 24.3 24.2 24.1 23.7 23.4 22.9 22.2 21.3 20.3 19.1 17.8 16.3 12.9 9.6 7.0 4.3 WP91

Castings CastingsA217 WC1 … C–1∕2Mo 3 (2) (3) (4) 65 35 0.80 14.9 14.9 14.9 14.9 14.9 14.9 14.9 14.7 14.3 13.9 13.5 … … … … … … … WC1 A217WC4 … 1Ni–1∕2Cr–1∕2Mo 4 (3) (4) 70 40 0.80 16.0 16.0 16.0 16.0 16.0 16.0 16.0 16.0 16.0 16.0 15.4 12.0 7.4 4.7 … … … … WC4WC5 … 3∕4Ni–1Mo–3∕4Cr 4 (3) (4) 70 40 0.80 16.0 16.0 16.0 16.0 16.0 16.0 16.0 16.0 16.0 16.0 15.4 13.0 8.8 5.5 3.7 2.2 … … WC5WC6 … 11∕4Cr–1∕2Mo 4 (3) (4) 70 40 0.80 16.0 16.0 16.0 16.0 16.0 16.0 16.0 16.0 15.8 15.4 15.0 11.0 7.4 5.0 3.4 2.2 … … WC6
A217 WC9 … 21∕4Cr–1Mo 5A (3) (4) 70 40 0.80 16.0 16.0 15.8 15.5 15.4 15.4 15.3 15.0 14.8 14.3 13.8 12.6 9.1 6.2 4.1 2.6 … … WC9 A217C5 … 5Cr–1∕2Mo 5B (3) (4) 90 60 0.80 20.6 20.6 19.9 19.8 19.7 19.4 19.1 18.7 18.2 15.3 11.4 8.7 6.4 4.6 3.4 2.3 1.4 0.8 C5C12 … 9Cr–1Mo 5B (3) (4) 90 60 0.80 20.6 20.6 19.9 19.8 19.7 19.4 19.1 18.7 18.2 17.4 16.6 13.1 8.8 5.9 4.0 2.6 1.8 1.2 C12C12A … 9Cr–1Mo–V 15E (4) (14) 85 60 0.80 19.4 19.4 18.9 18.2 17.6 17.1 16.8 16.5 16.2 15.8 15.3 14.8 14.2 11.4 9.1 7.0 5.2 3.4 C12A
A1091 C91 1 9Cr–1Mo–V 15E (4) (14) 85 60 0.80 19.4 19.4 18.9 18.2 17.6 17.1 16.8 16.5 16.2 15.8 15.3 14.8 14.2 11.4 9.1 7.0 5.2 3.4 C91 A1091
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Table A-2 Low and Intermediate Alloy Steel (Cont’d)GENERAL NOTES:(a) The tabulated specifications are ANSI/ASTM or ASTM. For ASME BPVC applications, see related specifications in ASME BPVC, Section II.(b) The stress values in this Table may be interpolated to determine values for intermediate temperatures.(c) The P-Numbers indicated in this Table are identical to those adopted by ASME BPVC, Section IX, except as modified by para. 127.5.(d) Tensile strengths and allowable stresses shown in “ksi” are “thousands of pounds per square inch.”(e) The materials listed in this Table shall not be used at design temperatures above those for which allowable stress values are given.(f) The tabulated stress values are S×E (weld joint efficiency factor) or S×F (material quality factor), as applicable.Weld joint efficiency factorsare shown in Table 102.4.3-1.(g) Pressure–temperature ratings of piping components, as published in standards referenced in this Code, may be used for componentsmeeting the requirements of those standards.Theallowable stress valuesgiven in thisTable are foruse indesigningpiping components thatare not manufactured in accordance with referenced standards.(h) All the materials listed are classifed as ferritic (see Table 104.1.2-1).(i) The tabulated stress values that are shown in italics are at temperatures in the range where creep and stress rupture strength govern theselection of stresses.(j) See para. 124.1.2 for lower temperature limits.NOTES:(1) THIS MATERIAL IS NOT ACCEPTABLE FOR USE ON BOILER EXTERNAL PIPING — SEE FIGURES 100.1.2-1 THROUGH 100.1.2-8.(2) Upon prolonged exposure to temperatures above 800°F (427°C), the carbide phase of carbon–molybdenum steel may be converted tographite.(3) These allowable stress values apply to normalized and tempered material only.(4) The material quality factors and allowable stress values for these materials may be increased in accordance with para. 102.4.6.(5) For use at temperatures above 850°F, the carbon content of the base material and, where applicable, weld filler metal shall be 0.05% orhigher. See para. 124.2(d).(6) IfASTMA234GradeWP12 fittingsaremade fromASTMA387Grade12Class1plate, theallowable stressvalues shall be reducedby the ratioof 55 divided by 60 in the temperature range −20°F through 850°F. At 900°F through 1,100°F, the values shown may be used.(7) Themutual quality factor for centrifugally cast pipe (0.85) is basedonall surfaces beingmachined, after heat treatment, to a surface finishof250 μin. arithmetic average deviation or better.(8) These allowable stress values are for pipe fabricated from ASTM A387 Class 1 plate in the annealed condition.(9) These allowable stress values are for pipe fabricated from ASTM A387 Class 2 plate.(10) These allowable stress values apply to thickness less than 3 in.(11) These allowable stress values apply to thickness 3 in. or greater.(12) Separate weld procedure and performance qualifications shall apply for both classes of this material. The postweld heat treatment shall bein accordance with para. 132.1.3.(13) CAUTIONARY NOTE: Corrosion fatigue occurs by the combined actions of cyclic loading and a corrosive environment. In piping systems,corrosion fatigue ismore likely to occur in portions ofwater systemswith low strain rates (<1.0%/sec), higher temperatures [above 300°F(150°C)], and higher dissolved oxygen (>0.04 ppm), with a preference toward regionswith increased local stresses.While themechanismsof crack initiation and growth are complex and not fully understood, there is consensus that the twomajor factors are strain andwatersideenvironment. Strain excursions of sufficient magnitude to fracture the protective oxide layer play a major role. In terms of the watersideenvironment, high levels of dissolved oxygen andpHexcursions are known to bedetrimental. Historically, the steels applied in thesewater-touched components have had the minimum specified yield strengths in the range of 27 ksi to 45 ksi (185 MPa to 310MPa) and minimumspecified tensile strengths in the range of 47 ksi to 80ksi (325MPa to 550MPa). As thesematerials are supplantedby higher strength steels,some have concern that the higher design stresses and thinner wall thicknesses will render components more vulnerable to failures bycorrosion fatigue. Thus, when employing such higher strength steels for water systems, it is desirable to use best practices in design byminimizing localized strain concentrations, in control ofwater chemistry andduring lay-upby limitingdissolvedoxygen andpHexcursions,and in operation by conservative startup, shutdown, and turndown practices.(14) For additional requirements for this material, see para. 125.1.
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Spec.
No.

Type or
Grade Class

UNS
Alloy
No.

Nominal
Composition

P-
No. Notes

Specified
Minimum
Tensile,
ksi

Specified
Minimum
Yield,
ksi

E
or
F

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding
Type
or

Grade
Spec.
No.100 200 300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200

Seamless Pipe and Tube: Austenitic Seamless Pipe and Tube: AusteniticA213 TP304 … S30400 18Cr–8Ni 8 (10) 75 30 1.00 20.0 16.7 15.0 13.8 12.9 12.3 12.0 11.7 11.5 11.2 11.0 10.8 10.6 10.4 10.1 9.8 7.7 6.1 TP304 A213TP304 … S30400 18Cr–8Ni 8 (9) (10) 75 30 1.00 20.0 20.0 18.9 18.3 17.5 16.6 16.2 15.8 15.5 15.2 14.9 14.6 14.3 14.0 12.4 9.8 7.7 6.1 TP304TP304H … S30409 18Cr–8Ni 8 … 75 30 1.00 20.0 16.7 15.0 13.8 12.9 12.3 12.0 11.7 11.5 11.2 11.0 10.8 10.6 10.4 10.1 9.8 7.7 6.1 TP304HTP304H … S30409 18Cr–8Ni 8 (9) 75 30 1.00 20.0 20.0 18.9 18.3 17.5 16.6 16.2 15.8 15.5 15.2 14.9 14.6 14.3 14.0 12.4 9.8 7.7 6.1 TP304H
A213 TP304L … S30403 18Cr–8Ni 8 (1) 70 25 1.00 16.7 14.3 12.8 11.7 10.9 10.4 10.2 10.0 9.8 9.7 … … … … … … … … TP304L A213TP304L … S30403 18Cr–8Ni 8 (1) (9) 70 25 1.00 16.7 16.7 16.7 15.8 14.7 14.0 13.7 13.5 13.3 13.0 … … … … … … … … TP304LTP304N … S30451 18Cr–8Ni–N 8 (10) 80 35 1.00 22.9 19.1 16.7 15.1 14.0 13.3 13.0 12.8 12.5 12.3 12.1 11.8 11.6 11.3 11.0 9.8 7.7 6.1 TP304NTP304N … S30451 18Cr–8Ni–N 8 (9) (10) 80 35 1.00 22.9 22.9 21.7 20.3 18.9 17.9 17.5 17.2 16.9 16.6 16.3 16.0 15.6 15.2 12.4 9.8 7.7 6.1 TP304N
A213 … … S30815 21Cr–11Ni–N 8 (1) 87 45 1.00 24.9 24.7 22.0 19.9 18.5 17.7 17.4 17.2 17.0 16.8 16.6 16.4 16.2 14.9 11.6 9.0 6.9 5.2 … A213… … S30815 21Cr–11Ni–N 8 (1) (9) 87 45 1.00 24.9 24.7 23.3 22.4 21.8 21.4 21.2 21.0 20.8 20.6 20.3 20.0 19.1 14.9 11.6 9.0 6.9 5.2 …
A213 TP309H … S30909 23Cr–12Ni 8 (9) 75 30 1.00 20.0 20.0 20.0 20.0 19.4 18.8 18.5 18.2 18.0 17.7 17.5 17.2 16.9 13.8 10.3 7.6 5.5 4.0 TP309H A213TP309H … S30909 23Cr–12Ni 8 … 75 30 1.00 20.0 17.5 16.1 15.1 14.4 13.9 13.7 13.5 13.3 13.1 12.9 12.7 12.5 12.3 10.3 7.6 5.5 4.0 TP309HTP310H … S31009 25Cr–20Ni 8 (9) 75 30 1.00 20.0 20.0 20.0 19.9 19.3 18.5 18.2 17.9 17.7 17.4 17.2 16.9 16.7 13.8 10.3 7.6 5.5 4.0 TP310HTP310H … S31009 25Cr–20Ni 8 … 75 30 1.00 20.0 17.6 16.1 15.1 14.3 13.7 13.5 13.3 13.1 12.9 12.7 12.5 12.3 12.1 10.3 7.6 5.5 4.0 TP310H
A213 TP316 … S31600 16Cr–12Ni–2Mo 8 (10) 75 30 1.00 20.0 17.3 15.6 14.3 13.3 12.6 12.3 12.1 11.9 11.8 11.6 11.5 11.4 11.3 11.2 11.1 9.8 7.4 TP316 A213TP316 … S31600 16Cr–12Ni–2Mo 8 (9) (10) 75 30 1.00 20.0 20.0 20.0 19.3 18.0 17.0 16.6 16.3 16.1 15.9 15.7 15.6 15.4 15.3 15.1 12.4 9.8 7.4 TP316TP316H … S31609 16Cr–12Ni–2Mo 8 … 75 30 1.00 20.0 17.3 15.6 14.3 13.3 12.6 12.3 12.1 11.9 11.8 11.6 11.5 11.4 11.3 11.2 11.1 9.8 7.4 TP316HTP316H … S31609 16Cr–12Ni–2Mo 8 (9) 75 30 1.00 20.0 20.0 20.0 19.3 18.0 17.0 16.6 16.3 16.1 15.9 15.7 15.6 15.4 15.3 15.1 12.4 9.8 7.4 TP316H
A213 TP316L … S31603 16Cr–12Ni–2Mo 8 (1) (29) 70 25 1.00 16.7 14.1 12.7 11.7 10.9 10.4 10.2 10.0 9.8 9.6 9.4 9.2 9.0 8.8 8.6 8.4 8.3 6.4 TP316L A213TP316L … S31603 16Cr–12Ni–2Mo 8 (1) (9) (29) 70 25 1.00 16.7 16.7 16.0 15.6 14.8 14.0 13.8 13.5 13.2 13.0 12.7 12.4 12.1 11.9 11.6 11.4 8.8 6.4 TP316LTP316N … S31651 16Cr–12Ni–2Mo–N 8 (10) 80 35 1.00 22.9 20.7 19.0 17.6 16.5 15.6 15.2 14.9 14.5 14.2 13.9 13.7 13.4 13.2 12.9 12.3 9.8 7.4 TP316NTP316N … S31651 16Cr–12Ni–2Mo–N 8 (9) (10) 80 35 1.00 22.9 22.9 22.0 21.5 21.2 21.0 20.5 20.0 19.6 19.2 18.8 18.5 18.1 17.8 15.8 12.3 9.8 7.4 TP316N
A213 TP316Ti … S31635 16Cr–12Ni–2Mo–Ti 8 (10) 75 30 1.00 20.0 17.7 15.8 14.3 13.2 12.4 12.2 12.0 11.9 11.8 11.7 11.6 11.5 11.4 11.2 11.0 9.8 7.4 TP316Ti A213TP316Ti … S31635 16Cr–12Ni–2Mo–Ti 8 (9) (10) 75 30 1.00 20.0 20.0 20.0 19.4 17.8 16.8 16.5 16.2 16.0 15.9 15.8 15.7 15.5 15.3 15.1 12.3 9.8 7.4 TP316TiTP317 … S31700 18Cr–13Ni–3Mo 8 (1) (10) 75 30 1.00 20.0 17.3 15.6 14.3 13.3 12.6 12.3 12.1 11.9 11.8 11.6 11.5 11.4 11.3 11.2 11.1 9.8 7.4 TP317TP317 … S31700 18Cr–13Ni–3Mo 8 (1) (9) (10) 75 30 1.00 20.0 20.0 20.0 19.3 18.0 17.0 16.6 16.3 16.1 15.9 15.7 15.6 15.4 15.3 15.1 12.4 9.8 7.4 TP317TP317L … S31703 18Cr–13Ni–3Mo 8 (1) 75 30 1.00 20.0 17.0 15.2 14.0 13.1 12.5 12.2 12.0 11.7 11.5 11.3 … … … … … … … TP317LTP317L … S31703 18Cr–13Ni–3Mo 8 (1) (9) 75 30 1.00 20.0 20.0 19.6 18.9 17.7 16.9 16.5 16.2 15.8 15.5 15.2 … … … … … … … TP317L
A213 TP321 … S32100 18Cr–10Ni–Ti 8 (10) 75 30 1.00 20.0 18.0 16.5 15.3 14.3 13.5 13.2 13.0 12.7 12.6 12.4 12.3 12.1 12.0 9.6 6.9 5.0 3.6 TP321 A213TP321 … S32100 18Cr–10Ni–Ti 8 (9) (10) 75 30 1.00 20.0 20.0 19.1 18.7 18.7 18.3 17.9 17.5 17.2 16.9 16.7 16.5 16.4 16.2 9.6 6.9 5.0 3.6 TP321TP321H … S32109 18Cr–10Ni–Ti 8 … 75 30 1.00 20.0 18.0 16.5 15.3 14.3 13.5 13.2 13.0 12.7 12.6 12.4 12.3 12.1 12.0 11.9 9.1 6.9 5.4 TP321HTP321H … S32109 18Cr–10Ni–Ti 8 (9) 75 30 1.00 20.0 20.0 19.1 18.7 18.7 18.3 17.9 17.5 17.2 16.9 16.7 16.5 16.4 16.2 12.3 9.1 6.9 5.4 TP321H
A213 TP347 … S34700 18Cr–10Ni–Cb 8 (10) 75 30 1.00 20.0 18.4 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 13.4 13.4 13.4 12.1 9.1 6.1 4.4 TP347 A213TP347 … S34700 18Cr–10Ni–Cb 8 (9) (10) 75 30 1.00 20.0 20.0 18.8 17.8 17.2 16.9 16.8 16.8 16.8 16.8 16.8 16.7 16.6 16.0 12.1 9.1 6.1 4.4 TP347TP347H … S34709 18Cr–10Ni–Cb 8 … 75 30 1.00 20.0 18.4 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 13.4 13.4 13.4 13.4 13.3 10.5 7.9 TP347HTP347H … S34709 18Cr–10Ni–Cb 8 (9) 75 30 1.00 20.0 20.0 18.8 17.8 17.1 16.9 16.8 16.8 16.8 16.8 16.8 16.7 16.6 16.4 16.2 14.1 10.5 7.9 TP347H
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Spec.
No.

Type or
Grade Class

UNS
Alloy
No.

Nominal
Composition

P-
No. Notes

Specified
Minimum
Tensile,
ksi

Specified
Minimum
Yield,
ksi

E
or
F

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding
Type
or

Grade
Spec.
No.100 200 300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200

Seamless Pipe and Tube: Austenitic Seamless Pipe and Tube: AusteniticA213 TP304 … S30400 18Cr–8Ni 8 (10) 75 30 1.00 20.0 16.7 15.0 13.8 12.9 12.3 12.0 11.7 11.5 11.2 11.0 10.8 10.6 10.4 10.1 9.8 7.7 6.1 TP304 A213TP304 … S30400 18Cr–8Ni 8 (9) (10) 75 30 1.00 20.0 20.0 18.9 18.3 17.5 16.6 16.2 15.8 15.5 15.2 14.9 14.6 14.3 14.0 12.4 9.8 7.7 6.1 TP304TP304H … S30409 18Cr–8Ni 8 … 75 30 1.00 20.0 16.7 15.0 13.8 12.9 12.3 12.0 11.7 11.5 11.2 11.0 10.8 10.6 10.4 10.1 9.8 7.7 6.1 TP304HTP304H … S30409 18Cr–8Ni 8 (9) 75 30 1.00 20.0 20.0 18.9 18.3 17.5 16.6 16.2 15.8 15.5 15.2 14.9 14.6 14.3 14.0 12.4 9.8 7.7 6.1 TP304H
A213 TP304L … S30403 18Cr–8Ni 8 (1) 70 25 1.00 16.7 14.3 12.8 11.7 10.9 10.4 10.2 10.0 9.8 9.7 … … … … … … … … TP304L A213TP304L … S30403 18Cr–8Ni 8 (1) (9) 70 25 1.00 16.7 16.7 16.7 15.8 14.7 14.0 13.7 13.5 13.3 13.0 … … … … … … … … TP304LTP304N … S30451 18Cr–8Ni–N 8 (10) 80 35 1.00 22.9 19.1 16.7 15.1 14.0 13.3 13.0 12.8 12.5 12.3 12.1 11.8 11.6 11.3 11.0 9.8 7.7 6.1 TP304NTP304N … S30451 18Cr–8Ni–N 8 (9) (10) 80 35 1.00 22.9 22.9 21.7 20.3 18.9 17.9 17.5 17.2 16.9 16.6 16.3 16.0 15.6 15.2 12.4 9.8 7.7 6.1 TP304N
A213 … … S30815 21Cr–11Ni–N 8 (1) 87 45 1.00 24.9 24.7 22.0 19.9 18.5 17.7 17.4 17.2 17.0 16.8 16.6 16.4 16.2 14.9 11.6 9.0 6.9 5.2 … A213… … S30815 21Cr–11Ni–N 8 (1) (9) 87 45 1.00 24.9 24.7 23.3 22.4 21.8 21.4 21.2 21.0 20.8 20.6 20.3 20.0 19.1 14.9 11.6 9.0 6.9 5.2 …
A213 TP309H … S30909 23Cr–12Ni 8 (9) 75 30 1.00 20.0 20.0 20.0 20.0 19.4 18.8 18.5 18.2 18.0 17.7 17.5 17.2 16.9 13.8 10.3 7.6 5.5 4.0 TP309H A213TP309H … S30909 23Cr–12Ni 8 … 75 30 1.00 20.0 17.5 16.1 15.1 14.4 13.9 13.7 13.5 13.3 13.1 12.9 12.7 12.5 12.3 10.3 7.6 5.5 4.0 TP309HTP310H … S31009 25Cr–20Ni 8 (9) 75 30 1.00 20.0 20.0 20.0 19.9 19.3 18.5 18.2 17.9 17.7 17.4 17.2 16.9 16.7 13.8 10.3 7.6 5.5 4.0 TP310HTP310H … S31009 25Cr–20Ni 8 … 75 30 1.00 20.0 17.6 16.1 15.1 14.3 13.7 13.5 13.3 13.1 12.9 12.7 12.5 12.3 12.1 10.3 7.6 5.5 4.0 TP310H
A213 TP316 … S31600 16Cr–12Ni–2Mo 8 (10) 75 30 1.00 20.0 17.3 15.6 14.3 13.3 12.6 12.3 12.1 11.9 11.8 11.6 11.5 11.4 11.3 11.2 11.1 9.8 7.4 TP316 A213TP316 … S31600 16Cr–12Ni–2Mo 8 (9) (10) 75 30 1.00 20.0 20.0 20.0 19.3 18.0 17.0 16.6 16.3 16.1 15.9 15.7 15.6 15.4 15.3 15.1 12.4 9.8 7.4 TP316TP316H … S31609 16Cr–12Ni–2Mo 8 … 75 30 1.00 20.0 17.3 15.6 14.3 13.3 12.6 12.3 12.1 11.9 11.8 11.6 11.5 11.4 11.3 11.2 11.1 9.8 7.4 TP316HTP316H … S31609 16Cr–12Ni–2Mo 8 (9) 75 30 1.00 20.0 20.0 20.0 19.3 18.0 17.0 16.6 16.3 16.1 15.9 15.7 15.6 15.4 15.3 15.1 12.4 9.8 7.4 TP316H
A213 TP316L … S31603 16Cr–12Ni–2Mo 8 (1) (29) 70 25 1.00 16.7 14.1 12.7 11.7 10.9 10.4 10.2 10.0 9.8 9.6 9.4 9.2 9.0 8.8 8.6 8.4 8.3 6.4 TP316L A213TP316L … S31603 16Cr–12Ni–2Mo 8 (1) (9) (29) 70 25 1.00 16.7 16.7 16.0 15.6 14.8 14.0 13.8 13.5 13.2 13.0 12.7 12.4 12.1 11.9 11.6 11.4 8.8 6.4 TP316LTP316N … S31651 16Cr–12Ni–2Mo–N 8 (10) 80 35 1.00 22.9 20.7 19.0 17.6 16.5 15.6 15.2 14.9 14.5 14.2 13.9 13.7 13.4 13.2 12.9 12.3 9.8 7.4 TP316NTP316N … S31651 16Cr–12Ni–2Mo–N 8 (9) (10) 80 35 1.00 22.9 22.9 22.0 21.5 21.2 21.0 20.5 20.0 19.6 19.2 18.8 18.5 18.1 17.8 15.8 12.3 9.8 7.4 TP316N
A213 TP316Ti … S31635 16Cr–12Ni–2Mo–Ti 8 (10) 75 30 1.00 20.0 17.7 15.8 14.3 13.2 12.4 12.2 12.0 11.9 11.8 11.7 11.6 11.5 11.4 11.2 11.0 9.8 7.4 TP316Ti A213TP316Ti … S31635 16Cr–12Ni–2Mo–Ti 8 (9) (10) 75 30 1.00 20.0 20.0 20.0 19.4 17.8 16.8 16.5 16.2 16.0 15.9 15.8 15.7 15.5 15.3 15.1 12.3 9.8 7.4 TP316TiTP317 … S31700 18Cr–13Ni–3Mo 8 (1) (10) 75 30 1.00 20.0 17.3 15.6 14.3 13.3 12.6 12.3 12.1 11.9 11.8 11.6 11.5 11.4 11.3 11.2 11.1 9.8 7.4 TP317TP317 … S31700 18Cr–13Ni–3Mo 8 (1) (9) (10) 75 30 1.00 20.0 20.0 20.0 19.3 18.0 17.0 16.6 16.3 16.1 15.9 15.7 15.6 15.4 15.3 15.1 12.4 9.8 7.4 TP317TP317L … S31703 18Cr–13Ni–3Mo 8 (1) 75 30 1.00 20.0 17.0 15.2 14.0 13.1 12.5 12.2 12.0 11.7 11.5 11.3 … … … … … … … TP317LTP317L … S31703 18Cr–13Ni–3Mo 8 (1) (9) 75 30 1.00 20.0 20.0 19.6 18.9 17.7 16.9 16.5 16.2 15.8 15.5 15.2 … … … … … … … TP317L
A213 TP321 … S32100 18Cr–10Ni–Ti 8 (10) 75 30 1.00 20.0 18.0 16.5 15.3 14.3 13.5 13.2 13.0 12.7 12.6 12.4 12.3 12.1 12.0 9.6 6.9 5.0 3.6 TP321 A213TP321 … S32100 18Cr–10Ni–Ti 8 (9) (10) 75 30 1.00 20.0 20.0 19.1 18.7 18.7 18.3 17.9 17.5 17.2 16.9 16.7 16.5 16.4 16.2 9.6 6.9 5.0 3.6 TP321TP321H … S32109 18Cr–10Ni–Ti 8 … 75 30 1.00 20.0 18.0 16.5 15.3 14.3 13.5 13.2 13.0 12.7 12.6 12.4 12.3 12.1 12.0 11.9 9.1 6.9 5.4 TP321HTP321H … S32109 18Cr–10Ni–Ti 8 (9) 75 30 1.00 20.0 20.0 19.1 18.7 18.7 18.3 17.9 17.5 17.2 16.9 16.7 16.5 16.4 16.2 12.3 9.1 6.9 5.4 TP321H
A213 TP347 … S34700 18Cr–10Ni–Cb 8 (10) 75 30 1.00 20.0 18.4 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 13.4 13.4 13.4 12.1 9.1 6.1 4.4 TP347 A213TP347 … S34700 18Cr–10Ni–Cb 8 (9) (10) 75 30 1.00 20.0 20.0 18.8 17.8 17.2 16.9 16.8 16.8 16.8 16.8 16.8 16.7 16.6 16.0 12.1 9.1 6.1 4.4 TP347TP347H … S34709 18Cr–10Ni–Cb 8 … 75 30 1.00 20.0 18.4 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 13.4 13.4 13.4 13.4 13.3 10.5 7.9 TP347HTP347H … S34709 18Cr–10Ni–Cb 8 (9) 75 30 1.00 20.0 20.0 18.8 17.8 17.1 16.9 16.8 16.8 16.8 16.8 16.8 16.7 16.6 16.4 16.2 14.1 10.5 7.9 TP347H
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Spec.
No.

Type or
Grade Class

UNS
Alloy
No.

Nominal
Composition

P-
No. Notes

Specified
Minimum
Tensile,
ksi

Specified
Minimum
Yield,
ksi

E
or
F

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding
Type
or

Grade
Spec.
No.100 200 300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200

Seamless Pipe and Tube: Austenitic   (Cont’d) Seamless Pipe and Tube: Austenitic (Cont’d)A213 TP348 … S34800 18Cr–10Ni–Cb 8 (10) 75 30 1.00 20.0 18.4 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 13.4 13.4 13.4 12.1 9.1 6.1 4.4 TP348 A213TP348 … S34800 18Cr–10Ni–Cb 8 (9) (10) 75 30 1.00 20.0 20.0 18.8 17.8 17.2 16.9 16.8 16.8 16.8 16.8 16.8 16.7 16.6 16.0 12.1 9.1 6.1 4.4 TP348TP348H … S34809 18Cr–10Ni–Cb 8 … 75 30 1.00 20.0 18.4 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 13.4 13.4 13.4 13.4 13.3 10.5 7.9 TP348HTP348H … S34809 18Cr–10Ni–Cb 8 (9) 75 30 1.00 20.0 20.0 18.8 17.8 17.1 16.9 16.8 16.8 16.8 16.8 16.8 16.7 16.6 16.4 16.2 14.1 10.5 7.9 TP348HA312 … … N08904 44Fe–25Ni–21Cr–Mo 45 (1) 71 31 1.00 20.3 16.7 15.1 13.8 12.7 11.9 11.6 11.4 … … … … … … … … … … … A312TP304 … S30400 18Cr–8Ni 8 (10) 75 30 1.00 20.0 16.7 15.0 13.8 12.9 12.3 12.0 11.7 11.5 11.2 11.0 10.8 10.6 10.4 10.1 9.8 7.7 6.1 TP304TP304 … S30400 18Cr–8Ni 8 (9) (10) 75 30 1.00 20.0 20.0 18.9 18.3 17.5 16.6 16.2 15.8 15.5 15.2 14.9 14.6 14.3 14.0 12.4 9.8 7.7 6.1 TP304TP304H … S30409 18Cr–8Ni 8 … 75 30 1.00 20.0 16.7 15.0 13.8 12.9 12.3 12.0 11.7 11.5 11.2 11.0 10.8 10.6 10.4 10.1 9.8 7.7 6.1 TP304HTP304H … S30409 18Cr–8Ni 8 (9) 75 30 1.00 20.0 20.0 18.9 18.3 17.5 16.6 16.2 15.8 15.5 15.2 14.9 14.6 14.3 14.0 12.4 9.8 7.7 6.1 TP304HA312 TP304L … S30403 18Cr–8Ni 8 (1) 70 25 1.00 16.7 14.3 12.8 11.7 10.9 10.4 10.2 10.0 9.8 9.7 … … … … … … … … TP304L A312TP304L … S30403 18Cr–8Ni 8 (1) (9) 70 25 1.00 16.7 16.7 16.7 15.8 14.7 14.0 13.7 13.5 13.3 13.0 … … … … … … … … TP304LTP304N … S30451 18Cr–8Ni–N 8 (10) 80 35 1.00 22.9 19.1 16.7 15.1 14.0 13.3 13.0 12.8 12.5 12.3 12.1 11.8 11.6 11.3 11.0 9.8 7.7 6.1 TP304NTP304N … S30451 18Cr–8Ni–N 8 (9) (10) 80 35 1.00 22.9 22.9 21.7 20.3 18.9 17.9 17.5 17.2 16.9 16.6 16.3 16.0 15.6 15.2 12.4 9.8 7.7 6.1 TP304NA312 … … S30815 21Cr–11Ni–N 8 (1) 87 45 1.00 24.9 24.7 22.0 19.9 18.5 17.7 17.4 17.2 17.0 16.8 16.6 16.4 16.2 14.9 11.6 9.0 6.9 5.2 … A312… … S30815 21Cr–11Ni–N 8 (1) (9) 87 45 1.00 24.9 24.7 23.3 22.4 21.8 21.4 21.2 21.0 20.8 20.6 20.3 20.0 19.1 14.9 11.6 9.0 6.9 5.2 …A312 TP309H … S30909 23Cr–12Ni 8 (9) 75 30 1.00 20.0 20.0 20.0 20.0 19.4 18.8 18.5 18.2 18.0 17.7 17.5 17.2 16.9 13.8 10.3 7.6 5.5 4.0 TP309H A312TP309H … S30909 23Cr–12Ni 8 … 75 30 1.00 20.0 17.5 16.1 15.1 14.4 13.9 13.7 13.5 13.3 13.1 12.9 12.7 12.5 12.3 10.3 7.6 5.5 4.0 TP309HTP310H … S31009 25Cr–20Ni 8 (9) 75 30 1.00 20.0 20.0 20.0 19.9 19.3 18.5 18.2 17.9 17.7 17.4 17.2 16.9 16.7 13.8 10.3 7.6 5.5 4.0 TP310HTP310H … S31009 25Cr–20Ni 8 … 75 30 1.00 20.0 17.6 16.1 15.1 14.3 13.7 13.5 13.3 13.1 12.9 12.7 12.5 12.3 12.1 10.3 7.6 5.5 4.0 TP310HA312 TP316 … S31600 16Cr–12Ni–2Mo 8 (10) 75 30 1.00 20.0 17.3 15.6 14.3 13.3 12.6 12.3 12.1 11.9 11.8 11.6 11.5 11.4 11.3 11.2 11.1 9.8 7.4 TP316 A312TP316 … S31600 16Cr–12Ni–2Mo 8 (9) (10) 75 30 1.00 20.0 20.0 20.0 19.3 18.0 17.0 16.6 16.3 16.1 15.9 15.7 15.6 15.4 15.3 15.1 12.4 9.8 7.4 TP316TP316H … S31609 16Cr–12Ni–2Mo 8 … 75 30 1.00 20.0 17.3 15.6 14.3 13.3 12.6 12.3 12.1 11.9 11.8 11.6 11.5 11.4 11.3 11.2 11.1 9.8 7.4 TP316HTP316H … S31609 16Cr–12Ni–2Mo 8 (9) 75 30 1.00 20.0 20.0 20.0 19.3 18.0 17.0 16.6 16.3 16.1 15.9 15.7 15.6 15.4 15.3 15.1 12.4 9.8 7.4 TP316HA312 TP316L … S31603 16Cr–12Ni–2Mo 8 (1) (29) 70 25 1.00 16.7 14.2 12.7 11.7 10.9 10.4 10.2 10.0 9.8 9.6 9.4 9.2 9.0 8.8 8.6 8.4 8.3 6.4 TP316L A312TP316L … S31603 16Cr–12Ni–2Mo 8 (1) (9) (29) 70 25 1.00 16.7 16.7 16.7 15.7 14.8 14.0 13.7 13.5 13.2 12.9 12.7 12.4 12.1 11.9 11.6 11.4 8.8 6.4 TP316LTP316N … S31651 16Cr–12Ni–2Mo–N 8 (10) 80 35 1.00 22.9 20.7 19.0 17.6 16.5 15.6 15.2 14.9 14.5 14.2 13.9 13.7 13.4 13.2 12.9 12.3 9.8 7.4 TP316NTP316N … S31651 16Cr–12Ni–2Mo–N 8 (9) (10) 80 35 1.00 22.9 22.9 22.0 21.5 21.2 21.0 20.5 20.0 19.6 19.2 18.8 18.5 18.1 17.8 15.8 12.3 9.8 7.4 TP316NA312 TP317LMN … S31726 19Cr–15.5Ni–4Mo 8 (1) 80 35 1.00 22.9 20.0 17.9 16.3 15.3 14.6 … … … … … … … … … … … … TP317LMN A312TP317LMN … S31726 19Cr–15.5Ni–4Mo 8 (1) (9) 80 35 1.00 22.9 21.8 20.9 20.5 20.3 19.7 … … … … … … … … … … … … TP317LMNTP316Ti … S31635 16Cr–12Ni–2Mo–Ti 8 (10) 75 30 1.00 20.0 17.7 15.8 14.3 13.2 12.4 12.2 12.0 11.9 11.8 11.7 11.6 11.5 11.4 11.2 11.0 9.8 7.4 TP316TiTP316Ti … S31635 16Cr–12Ni–2Mo–Ti 8 (9) (10) 75 30 1.00 20.0 20.0 20.0 19.4 17.8 16.8 16.5 16.2 16.0 15.9 15.8 15.7 15.5 15.3 15.1 12.3 9.8 7.4 TP316Ti
A312 TP317 … S31700 18Cr–13Ni–3Mo 8 (1) (10) 75 30 1.00 20.0 17.3 15.6 14.3 13.3 12.6 12.3 12.1 11.9 11.8 11.6 11.5 11.4 11.3 11.2 11.1 9.8 7.4 TP317 A312TP317 … S31700 18Cr–13Ni–3Mo 8 (1) (9) (10) 75 30 1.00 20.0 20.0 20.0 19.3 18.0 17.0 16.6 16.3 16.1 15.9 15.7 15.6 15.4 15.3 15.1 12.4 9.8 7.4 TP317TP317L … S31703 18Cr–13Ni–3Mo 8 … 75 30 1.00 20.0 17.0 15.2 14.0 13.1 12.5 12.2 12.0 11.7 11.5 11.3 … … … … … … … TP317LTP317L … S31703 18Cr–13Ni–3Mo 8 (9) 75 30 1.00 20.0 20.0 19.6 18.9 17.7 16.9 16.5 16.2 15.8 15.5 15.2 … … … … … … … TP317L
A312 TP321 … S32100 18Cr–10Ni–Ti 8 (10) (30) 75 30 1.00 20.0 18.0 16.5 15.3 14.3 13.5 13.2 13.0 12.7 12.6 12.4 12.3 12.1 12.0 9.6 6.9 5.0 3.6 TP321 A312TP321 … S32100 18Cr–10Ni–Ti 8 (9) (10) (30) 75 30 1.00 20.0 20.0 19.1 18.7 18.7 18.3 17.9 17.5 17.2 16.9 16.7 16.5 16.4 16.2 9.6 6.9 5.0 3.6 TP321TP321H … S32109 18Cr–10Ni–Ti 8 … 75 30 1.00 20.0 18.0 16.5 15.3 14.3 13.5 13.2 13.0 12.7 12.6 12.4 12.3 12.1 12.0 11.9 9.1 6.9 5.4 TP321HTP321H … S32109 18Cr–10Ni–Ti 8 (9) (30) 75 30 1.00 20.0 20.0 19.1 18.7 18.7 18.3 17.9 17.5 17.2 16.9 16.7 16.5 16.4 16.2 12.3 9.1 6.9 5.4 TP321H
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Spec.
No.

Type or
Grade Class

UNS
Alloy
No.

Nominal
Composition

P-
No. Notes

Specified
Minimum
Tensile,
ksi

Specified
Minimum
Yield,
ksi

E
or
F

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding
Type
or

Grade
Spec.
No.100 200 300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200

Seamless Pipe and Tube: Austenitic Seamless Pipe and Tube: Austenitic (Cont’d)A213 TP348 … S34800 18Cr–10Ni–Cb 8 (10) 75 30 1.00 20.0 18.4 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 13.4 13.4 13.4 12.1 9.1 6.1 4.4 TP348 A213TP348 … S34800 18Cr–10Ni–Cb 8 (9) (10) 75 30 1.00 20.0 20.0 18.8 17.8 17.2 16.9 16.8 16.8 16.8 16.8 16.8 16.7 16.6 16.0 12.1 9.1 6.1 4.4 TP348TP348H … S34809 18Cr–10Ni–Cb 8 … 75 30 1.00 20.0 18.4 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 13.4 13.4 13.4 13.4 13.3 10.5 7.9 TP348HTP348H … S34809 18Cr–10Ni–Cb 8 (9) 75 30 1.00 20.0 20.0 18.8 17.8 17.1 16.9 16.8 16.8 16.8 16.8 16.8 16.7 16.6 16.4 16.2 14.1 10.5 7.9 TP348HA312 … … N08904 44Fe–25Ni–21Cr–Mo 45 (1) 71 31 1.00 20.3 16.7 15.1 13.8 12.7 11.9 11.6 11.4 … … … … … … … … … … … A312TP304 … S30400 18Cr–8Ni 8 (10) 75 30 1.00 20.0 16.7 15.0 13.8 12.9 12.3 12.0 11.7 11.5 11.2 11.0 10.8 10.6 10.4 10.1 9.8 7.7 6.1 TP304TP304 … S30400 18Cr–8Ni 8 (9) (10) 75 30 1.00 20.0 20.0 18.9 18.3 17.5 16.6 16.2 15.8 15.5 15.2 14.9 14.6 14.3 14.0 12.4 9.8 7.7 6.1 TP304TP304H … S30409 18Cr–8Ni 8 … 75 30 1.00 20.0 16.7 15.0 13.8 12.9 12.3 12.0 11.7 11.5 11.2 11.0 10.8 10.6 10.4 10.1 9.8 7.7 6.1 TP304HTP304H … S30409 18Cr–8Ni 8 (9) 75 30 1.00 20.0 20.0 18.9 18.3 17.5 16.6 16.2 15.8 15.5 15.2 14.9 14.6 14.3 14.0 12.4 9.8 7.7 6.1 TP304HA312 TP304L … S30403 18Cr–8Ni 8 (1) 70 25 1.00 16.7 14.3 12.8 11.7 10.9 10.4 10.2 10.0 9.8 9.7 … … … … … … … … TP304L A312TP304L … S30403 18Cr–8Ni 8 (1) (9) 70 25 1.00 16.7 16.7 16.7 15.8 14.7 14.0 13.7 13.5 13.3 13.0 … … … … … … … … TP304LTP304N … S30451 18Cr–8Ni–N 8 (10) 80 35 1.00 22.9 19.1 16.7 15.1 14.0 13.3 13.0 12.8 12.5 12.3 12.1 11.8 11.6 11.3 11.0 9.8 7.7 6.1 TP304NTP304N … S30451 18Cr–8Ni–N 8 (9) (10) 80 35 1.00 22.9 22.9 21.7 20.3 18.9 17.9 17.5 17.2 16.9 16.6 16.3 16.0 15.6 15.2 12.4 9.8 7.7 6.1 TP304NA312 … … S30815 21Cr–11Ni–N 8 (1) 87 45 1.00 24.9 24.7 22.0 19.9 18.5 17.7 17.4 17.2 17.0 16.8 16.6 16.4 16.2 14.9 11.6 9.0 6.9 5.2 … A312… … S30815 21Cr–11Ni–N 8 (1) (9) 87 45 1.00 24.9 24.7 23.3 22.4 21.8 21.4 21.2 21.0 20.8 20.6 20.3 20.0 19.1 14.9 11.6 9.0 6.9 5.2 …A312 TP309H … S30909 23Cr–12Ni 8 (9) 75 30 1.00 20.0 20.0 20.0 20.0 19.4 18.8 18.5 18.2 18.0 17.7 17.5 17.2 16.9 13.8 10.3 7.6 5.5 4.0 TP309H A312TP309H … S30909 23Cr–12Ni 8 … 75 30 1.00 20.0 17.5 16.1 15.1 14.4 13.9 13.7 13.5 13.3 13.1 12.9 12.7 12.5 12.3 10.3 7.6 5.5 4.0 TP309HTP310H … S31009 25Cr–20Ni 8 (9) 75 30 1.00 20.0 20.0 20.0 19.9 19.3 18.5 18.2 17.9 17.7 17.4 17.2 16.9 16.7 13.8 10.3 7.6 5.5 4.0 TP310HTP310H … S31009 25Cr–20Ni 8 … 75 30 1.00 20.0 17.6 16.1 15.1 14.3 13.7 13.5 13.3 13.1 12.9 12.7 12.5 12.3 12.1 10.3 7.6 5.5 4.0 TP310HA312 TP316 … S31600 16Cr–12Ni–2Mo 8 (10) 75 30 1.00 20.0 17.3 15.6 14.3 13.3 12.6 12.3 12.1 11.9 11.8 11.6 11.5 11.4 11.3 11.2 11.1 9.8 7.4 TP316 A312TP316 … S31600 16Cr–12Ni–2Mo 8 (9) (10) 75 30 1.00 20.0 20.0 20.0 19.3 18.0 17.0 16.6 16.3 16.1 15.9 15.7 15.6 15.4 15.3 15.1 12.4 9.8 7.4 TP316TP316H … S31609 16Cr–12Ni–2Mo 8 … 75 30 1.00 20.0 17.3 15.6 14.3 13.3 12.6 12.3 12.1 11.9 11.8 11.6 11.5 11.4 11.3 11.2 11.1 9.8 7.4 TP316HTP316H … S31609 16Cr–12Ni–2Mo 8 (9) 75 30 1.00 20.0 20.0 20.0 19.3 18.0 17.0 16.6 16.3 16.1 15.9 15.7 15.6 15.4 15.3 15.1 12.4 9.8 7.4 TP316HA312 TP316L … S31603 16Cr–12Ni–2Mo 8 (1) (29) 70 25 1.00 16.7 14.2 12.7 11.7 10.9 10.4 10.2 10.0 9.8 9.6 9.4 9.2 9.0 8.8 8.6 8.4 8.3 6.4 TP316L A312TP316L … S31603 16Cr–12Ni–2Mo 8 (1) (9) (29) 70 25 1.00 16.7 16.7 16.7 15.7 14.8 14.0 13.7 13.5 13.2 12.9 12.7 12.4 12.1 11.9 11.6 11.4 8.8 6.4 TP316LTP316N … S31651 16Cr–12Ni–2Mo–N 8 (10) 80 35 1.00 22.9 20.7 19.0 17.6 16.5 15.6 15.2 14.9 14.5 14.2 13.9 13.7 13.4 13.2 12.9 12.3 9.8 7.4 TP316NTP316N … S31651 16Cr–12Ni–2Mo–N 8 (9) (10) 80 35 1.00 22.9 22.9 22.0 21.5 21.2 21.0 20.5 20.0 19.6 19.2 18.8 18.5 18.1 17.8 15.8 12.3 9.8 7.4 TP316NA312 TP317LMN … S31726 19Cr–15.5Ni–4Mo 8 (1) 80 35 1.00 22.9 20.0 17.9 16.3 15.3 14.6 … … … … … … … … … … … … TP317LMN A312TP317LMN … S31726 19Cr–15.5Ni–4Mo 8 (1) (9) 80 35 1.00 22.9 21.8 20.9 20.5 20.3 19.7 … … … … … … … … … … … … TP317LMNTP316Ti … S31635 16Cr–12Ni–2Mo–Ti 8 (10) 75 30 1.00 20.0 17.7 15.8 14.3 13.2 12.4 12.2 12.0 11.9 11.8 11.7 11.6 11.5 11.4 11.2 11.0 9.8 7.4 TP316TiTP316Ti … S31635 16Cr–12Ni–2Mo–Ti 8 (9) (10) 75 30 1.00 20.0 20.0 20.0 19.4 17.8 16.8 16.5 16.2 16.0 15.9 15.8 15.7 15.5 15.3 15.1 12.3 9.8 7.4 TP316Ti
A312 TP317 … S31700 18Cr–13Ni–3Mo 8 (1) (10) 75 30 1.00 20.0 17.3 15.6 14.3 13.3 12.6 12.3 12.1 11.9 11.8 11.6 11.5 11.4 11.3 11.2 11.1 9.8 7.4 TP317 A312TP317 … S31700 18Cr–13Ni–3Mo 8 (1) (9) (10) 75 30 1.00 20.0 20.0 20.0 19.3 18.0 17.0 16.6 16.3 16.1 15.9 15.7 15.6 15.4 15.3 15.1 12.4 9.8 7.4 TP317TP317L … S31703 18Cr–13Ni–3Mo 8 … 75 30 1.00 20.0 17.0 15.2 14.0 13.1 12.5 12.2 12.0 11.7 11.5 11.3 … … … … … … … TP317LTP317L … S31703 18Cr–13Ni–3Mo 8 (9) 75 30 1.00 20.0 20.0 19.6 18.9 17.7 16.9 16.5 16.2 15.8 15.5 15.2 … … … … … … … TP317L
A312 TP321 … S32100 18Cr–10Ni–Ti 8 (10) (30) 75 30 1.00 20.0 18.0 16.5 15.3 14.3 13.5 13.2 13.0 12.7 12.6 12.4 12.3 12.1 12.0 9.6 6.9 5.0 3.6 TP321 A312TP321 … S32100 18Cr–10Ni–Ti 8 (9) (10) (30) 75 30 1.00 20.0 20.0 19.1 18.7 18.7 18.3 17.9 17.5 17.2 16.9 16.7 16.5 16.4 16.2 9.6 6.9 5.0 3.6 TP321TP321H … S32109 18Cr–10Ni–Ti 8 … 75 30 1.00 20.0 18.0 16.5 15.3 14.3 13.5 13.2 13.0 12.7 12.6 12.4 12.3 12.1 12.0 11.9 9.1 6.9 5.4 TP321HTP321H … S32109 18Cr–10Ni–Ti 8 (9) (30) 75 30 1.00 20.0 20.0 19.1 18.7 18.7 18.3 17.9 17.5 17.2 16.9 16.7 16.5 16.4 16.2 12.3 9.1 6.9 5.4 TP321H
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Spec.
No.

Type or
Grade Class

UNS
Alloy
No.

Nominal
Composition

P-
No. Notes

Specified
Minimum
Tensile,
ksi

Specified
Minimum
Yield,
ksi

E
or
F

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding
Type
or

Grade
Spec.
No.100 200 300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200

Seamless Pipe and Tube: Austenitic   (Cont’d) Seamless Pipe and Tube: Austenitic (Cont’d)A312 TP321 … S32100 18Cr–10Ni–Ti 8 (10) (31) 70 25 1.00 16.7 15.0 13.8 12.8 11.9 11.3 11.0 10.8 10.6 10.5 10.3 10.2 10.1 10.0 9.6 6.9 5.0 3.6 TP321 A312TP321 … S32100 18Cr–10Ni–Ti 8 (9) (10) (31) 70 25 1.00 16.7 16.7 16.7 16.7 16.1 15.2 14.9 14.6 14.3 14.1 13.9 13.8 13.6 13.5 9.6 6.9 5.0 3.6 TP321TP321H … S32109 18Cr–10Ni–Ti 8 (31) 70 25 1.00 16.7 15.0 13.8 12.8 11.9 11.3 11.0 10.8 10.6 10.5 10.3 10.2 10.1 10.0 9.6 9.1 6.9 5.4 TP321HTP321H … S32109 18Cr–10Ni–Ti 8 (9) (31) 70 25 1.00 16.7 16.7 16.7 16.7 16.1 15.2 14.9 14.6 14.3 14.1 13.9 13.8 13.6 13.5 12.3 9.1 6.9 5.4 TP321H
A312 TP347 … S34700 18Cr–10Ni–Cb 8 (10) 75 30 1.00 20.0 18.4 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 13.4 13.4 13.4 12.1 9.1 6.1 4.4 TP347 A312TP347 … S34700 18Cr–10Ni–Cb 8 (9) (10) 75 30 1.00 20.0 20.0 18.8 17.8 17.2 16.9 16.8 16.8 16.8 16.8 16.8 16.7 16.6 16.0 12.1 9.1 6.1 4.4 TP347TP347H … S34709 18Cr–10Ni–Cb 8 … 75 30 1.00 20.0 18.4 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 13.4 13.4 13.4 13.4 13.3 10.5 7.9 TP347HTP347H … S34709 18Cr–10Ni–Cb 8 (9) 75 30 1.00 20.0 20.0 18.8 17.8 17.1 16.9 16.8 16.8 16.8 16.8 16.8 16.7 16.6 16.4 16.2 14.1 10.5 7.9 TP347H
A312 TP348 … S34800 18Cr–10Ni–Cb 8 (10) 75 30 1.00 20.0 18.4 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 13.4 13.4 13.4 12.1 9.1 6.1 4.4 TP348 A312TP348 … S34800 18Cr–10Ni–Cb 8 (9) (10) 75 30 1.00 20.0 20.0 18.8 17.8 17.2 16.9 16.8 16.8 16.8 16.8 16.8 16.7 16.6 16.0 12.1 9.1 6.1 4.4 TP348TP348H … S34809 18Cr–10Ni–Cb 8 … 75 30 1.00 20.0 18.4 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 13.4 13.4 13.4 13.4 13.3 10.5 7.9 TP348HTP348H … S34809 18Cr–10Ni–Cb 8 (9) 75 30 1.00 20.0 20.0 18.8 17.8 17.1 16.9 16.8 16.8 16.8 16.8 16.8 16.7 16.6 16.4 16.2 14.1 10.5 7.9 TP348H
A312 TPXM-15 … S38100 18Cr–18Ni–2Si 8 (1) 75 30 1.00 20.0 16.7 15.0 13.8 12.9 12.3 12.0 11.7 11.5 11.2 11.0 10.8 10.6 10.4 … … … … TPXM-15 A312TPXM-15 … S38100 18Cr–18Ni–2Si 8 (1) (9) 75 30 1.00 20.0 20.0 18.9 18.3 17.5 16.6 16.2 15.8 15.5 15.2 14.9 14.6 10.6 10.4 … … … … TPXM-15TPXM-19 … S20910 22Cr–13Ni–5Mn 8 (1) 100 55 1.00 28.6 28.4 26.9 26.0 25.5 25.0 24.6 24.2 23.9 23.5 23.3 23.0 22.7 22.5 22.2 … … … TPXM-19TPXM-19 … S20910 22Cr–13Ni–5Mn 8 (1) (9) 100 55 1.00 28.6 28.4 26.9 26.0 25.5 25.1 24.9 24.7 24.5 24.2 23.9 23.6 23.2 22.8 22.3 … … … TPXM-19… … S31254 20Cr–18Ni–6Mo 8 (1) 95 45 1.00 27.1 24.5 21.9 20.2 19.1 18.3 18.0 17.8 17.7 … … … … … … … … … …… … S31254 20Cr–18Ni–6Mo 8 (1) (9) 95 45 1.00 27.1 27.1 25.8 24.6 23.7 23.2 23.1 23.0 22.9 … … … … … … … … … …
A376 TP304 … S30400 18Cr–8Ni 8 (10) 75 30 1.00 20.0 16.7 15.0 13.8 12.9 12.3 12.0 11.7 11.5 11.2 11.0 10.8 10.6 10.4 10.1 9.8 7.7 6.1 TP304 A376TP304 … S30400 18Cr–8Ni 8 (9) (10) 75 30 1.00 20.0 20.0 18.9 18.3 17.5 16.6 16.2 15.8 15.5 15.2 14.9 14.6 14.3 14.0 12.4 9.8 7.7 6.1 TP304TP304H … S30409 18Cr–8Ni 8 … 75 30 1.00 20.0 16.7 15.0 13.8 12.9 12.3 12.0 11.7 11.5 11.2 11.0 10.8 10.6 10.4 10.1 9.8 7.7 6.1 TP304HTP304H … S30409 18Cr–8Ni 8 (9) 75 30 1.00 20.0 20.0 18.9 18.3 17.5 16.6 16.2 15.8 15.5 15.2 14.9 14.6 14.3 14.0 12.4 9.8 7.7 6.1 TP304HTP304N … S30451 18Cr–8Ni–N 8 (10) 80 35 1.00 22.9 19.1 16.7 15.1 14.0 13.3 13.0 12.8 12.5 12.3 12.1 11.8 11.6 11.3 11.0 9.8 7.7 6.1 TP304NTP304N … S30451 18Cr–8Ni–N 8 (9) (10) 80 35 1.00 22.9 22.9 21.7 20.3 18.9 17.9 17.5 17.2 16.9 16.6 16.3 16.0 15.6 15.2 12.4 9.8 7.7 6.1 TP304N
A376 TP316 … S31600 16Cr–12Ni–2Mo 8 (10) 75 30 1.00 20.0 17.3 15.6 14.3 13.3 12.6 12.3 12.1 11.9 11.8 11.6 11.5 11.4 11.3 11.2 11.1 9.8 7.4 TP316 A376TP316 … S31600 16Cr–12Ni–2Mo 8 (9) (10) 75 30 1.00 20.0 20.0 20.0 19.3 18.0 17.0 16.6 16.3 16.1 15.9 15.7 15.6 15.4 15.3 15.1 12.4 9.8 7.4 TP316TP316H … S31609 16Cr–12Ni–2Mo 8 … 75 30 1.00 20.0 17.3 15.6 14.3 13.3 12.6 12.3 12.1 11.9 11.8 11.6 11.5 11.4 11.3 11.2 11.1 9.8 7.4 TP316HTP316H … S31609 16Cr–12Ni–2Mo 8 (9) 75 30 1.00 20.0 20.0 20.0 19.3 18.0 17.0 16.6 16.3 16.1 15.9 15.7 15.6 15.4 15.3 15.1 12.4 9.8 7.4 TP316HTP316N … S31651 16Cr–12Ni–2Mo–N 8 (10) 80 35 1.00 22.9 20.7 19.0 17.6 16.5 15.6 15.2 14.9 14.5 14.2 13.9 13.7 13.4 13.2 12.9 12.3 9.8 7.4 TP316NTP316N … S31651 16Cr–12Ni–2Mo–N 8 (9) (10) 80 35 1.00 22.9 22.9 22.0 21.5 21.2 21.0 20.5 20.0 19.6 19.2 18.8 18.5 18.1 17.8 15.8 12.3 9.8 7.4 TP316N
A376 TP321 … S32100 18Cr–10Ni–Ti 8 (10) 75 30 1.00 20.0 18.0 16.5 15.3 14.3 13.5 13.2 13.0 12.7 12.6 12.4 12.3 12.1 12.0 9.6 6.9 5.0 3.6 TP321 A376TP321 … S32100 18Cr–10Ni–Ti 8 (9) (10) 75 30 1.00 20.0 20.0 19.1 18.7 18.7 18.3 17.9 17.5 17.2 16.9 16.7 16.5 16.4 16.2 9.6 6.9 5.0 3.6 TP321TP321H … S32109 18Cr–10Ni–Ti 8 … 75 30 1.00 20.0 18.0 16.5 15.3 14.3 13.5 13.2 13.0 12.7 12.6 12.4 12.3 12.1 12.0 11.9 9.1 6.9 5.4 TP321HTP321H … S32109 18Cr–10Ni–Ti 8 (9) 75 30 1.00 20.0 20.0 19.1 18.7 18.7 18.3 17.9 17.5 17.2 16.9 16.7 16.5 16.4 16.2 12.3 9.1 6.9 5.4 TP321H
A376 TP347 … S34700 18Cr–10Ni–Cb 8 (10) 75 30 1.00 20.0 18.4 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 13.4 13.4 13.4 12.1 9.1 6.1 4.4 TP347 A376TP347 … S34700 18Cr–10Ni–Cb 8 (9) (10) 75 30 1.00 20.0 20.0 18.8 17.8 17.2 16.9 16.8 16.8 16.8 16.8 16.8 16.7 16.6 16.0 12.1 9.1 6.1 4.4 TP347TP347H … S34709 18Cr–10Ni–Cb 8 … 75 30 1.00 20.0 18.4 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 13.4 13.4 13.4 13.4 13.3 10.5 7.9 TP347HTP347H … S34709 18Cr–10Ni–Cb 8 (9) 75 30 1.00 20.0 20.0 18.8 17.8 17.1 16.9 16.8 16.8 16.8 16.8 16.8 16.7 16.6 16.4 16.2 14.1 10.5 7.9 TP347H
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Spec.
No.

Type or
Grade Class

UNS
Alloy
No.

Nominal
Composition

P-
No. Notes

Specified
Minimum
Tensile,
ksi

Specified
Minimum
Yield,
ksi

E
or
F

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding
Type
or

Grade
Spec.
No.100 200 300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200

Seamless Pipe and Tube: Austenitic Seamless Pipe and Tube: Austenitic (Cont’d)A312 TP321 … S32100 18Cr–10Ni–Ti 8 (10) (31) 70 25 1.00 16.7 15.0 13.8 12.8 11.9 11.3 11.0 10.8 10.6 10.5 10.3 10.2 10.1 10.0 9.6 6.9 5.0 3.6 TP321 A312TP321 … S32100 18Cr–10Ni–Ti 8 (9) (10) (31) 70 25 1.00 16.7 16.7 16.7 16.7 16.1 15.2 14.9 14.6 14.3 14.1 13.9 13.8 13.6 13.5 9.6 6.9 5.0 3.6 TP321TP321H … S32109 18Cr–10Ni–Ti 8 (31) 70 25 1.00 16.7 15.0 13.8 12.8 11.9 11.3 11.0 10.8 10.6 10.5 10.3 10.2 10.1 10.0 9.6 9.1 6.9 5.4 TP321HTP321H … S32109 18Cr–10Ni–Ti 8 (9) (31) 70 25 1.00 16.7 16.7 16.7 16.7 16.1 15.2 14.9 14.6 14.3 14.1 13.9 13.8 13.6 13.5 12.3 9.1 6.9 5.4 TP321H
A312 TP347 … S34700 18Cr–10Ni–Cb 8 (10) 75 30 1.00 20.0 18.4 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 13.4 13.4 13.4 12.1 9.1 6.1 4.4 TP347 A312TP347 … S34700 18Cr–10Ni–Cb 8 (9) (10) 75 30 1.00 20.0 20.0 18.8 17.8 17.2 16.9 16.8 16.8 16.8 16.8 16.8 16.7 16.6 16.0 12.1 9.1 6.1 4.4 TP347TP347H … S34709 18Cr–10Ni–Cb 8 … 75 30 1.00 20.0 18.4 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 13.4 13.4 13.4 13.4 13.3 10.5 7.9 TP347HTP347H … S34709 18Cr–10Ni–Cb 8 (9) 75 30 1.00 20.0 20.0 18.8 17.8 17.1 16.9 16.8 16.8 16.8 16.8 16.8 16.7 16.6 16.4 16.2 14.1 10.5 7.9 TP347H
A312 TP348 … S34800 18Cr–10Ni–Cb 8 (10) 75 30 1.00 20.0 18.4 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 13.4 13.4 13.4 12.1 9.1 6.1 4.4 TP348 A312TP348 … S34800 18Cr–10Ni–Cb 8 (9) (10) 75 30 1.00 20.0 20.0 18.8 17.8 17.2 16.9 16.8 16.8 16.8 16.8 16.8 16.7 16.6 16.0 12.1 9.1 6.1 4.4 TP348TP348H … S34809 18Cr–10Ni–Cb 8 … 75 30 1.00 20.0 18.4 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 13.4 13.4 13.4 13.4 13.3 10.5 7.9 TP348HTP348H … S34809 18Cr–10Ni–Cb 8 (9) 75 30 1.00 20.0 20.0 18.8 17.8 17.1 16.9 16.8 16.8 16.8 16.8 16.8 16.7 16.6 16.4 16.2 14.1 10.5 7.9 TP348H
A312 TPXM-15 … S38100 18Cr–18Ni–2Si 8 (1) 75 30 1.00 20.0 16.7 15.0 13.8 12.9 12.3 12.0 11.7 11.5 11.2 11.0 10.8 10.6 10.4 … … … … TPXM-15 A312TPXM-15 … S38100 18Cr–18Ni–2Si 8 (1) (9) 75 30 1.00 20.0 20.0 18.9 18.3 17.5 16.6 16.2 15.8 15.5 15.2 14.9 14.6 10.6 10.4 … … … … TPXM-15TPXM-19 … S20910 22Cr–13Ni–5Mn 8 (1) 100 55 1.00 28.6 28.4 26.9 26.0 25.5 25.0 24.6 24.2 23.9 23.5 23.3 23.0 22.7 22.5 22.2 … … … TPXM-19TPXM-19 … S20910 22Cr–13Ni–5Mn 8 (1) (9) 100 55 1.00 28.6 28.4 26.9 26.0 25.5 25.1 24.9 24.7 24.5 24.2 23.9 23.6 23.2 22.8 22.3 … … … TPXM-19… … S31254 20Cr–18Ni–6Mo 8 (1) 95 45 1.00 27.1 24.5 21.9 20.2 19.1 18.3 18.0 17.8 17.7 … … … … … … … … … …… … S31254 20Cr–18Ni–6Mo 8 (1) (9) 95 45 1.00 27.1 27.1 25.8 24.6 23.7 23.2 23.1 23.0 22.9 … … … … … … … … … …
A376 TP304 … S30400 18Cr–8Ni 8 (10) 75 30 1.00 20.0 16.7 15.0 13.8 12.9 12.3 12.0 11.7 11.5 11.2 11.0 10.8 10.6 10.4 10.1 9.8 7.7 6.1 TP304 A376TP304 … S30400 18Cr–8Ni 8 (9) (10) 75 30 1.00 20.0 20.0 18.9 18.3 17.5 16.6 16.2 15.8 15.5 15.2 14.9 14.6 14.3 14.0 12.4 9.8 7.7 6.1 TP304TP304H … S30409 18Cr–8Ni 8 … 75 30 1.00 20.0 16.7 15.0 13.8 12.9 12.3 12.0 11.7 11.5 11.2 11.0 10.8 10.6 10.4 10.1 9.8 7.7 6.1 TP304HTP304H … S30409 18Cr–8Ni 8 (9) 75 30 1.00 20.0 20.0 18.9 18.3 17.5 16.6 16.2 15.8 15.5 15.2 14.9 14.6 14.3 14.0 12.4 9.8 7.7 6.1 TP304HTP304N … S30451 18Cr–8Ni–N 8 (10) 80 35 1.00 22.9 19.1 16.7 15.1 14.0 13.3 13.0 12.8 12.5 12.3 12.1 11.8 11.6 11.3 11.0 9.8 7.7 6.1 TP304NTP304N … S30451 18Cr–8Ni–N 8 (9) (10) 80 35 1.00 22.9 22.9 21.7 20.3 18.9 17.9 17.5 17.2 16.9 16.6 16.3 16.0 15.6 15.2 12.4 9.8 7.7 6.1 TP304N
A376 TP316 … S31600 16Cr–12Ni–2Mo 8 (10) 75 30 1.00 20.0 17.3 15.6 14.3 13.3 12.6 12.3 12.1 11.9 11.8 11.6 11.5 11.4 11.3 11.2 11.1 9.8 7.4 TP316 A376TP316 … S31600 16Cr–12Ni–2Mo 8 (9) (10) 75 30 1.00 20.0 20.0 20.0 19.3 18.0 17.0 16.6 16.3 16.1 15.9 15.7 15.6 15.4 15.3 15.1 12.4 9.8 7.4 TP316TP316H … S31609 16Cr–12Ni–2Mo 8 … 75 30 1.00 20.0 17.3 15.6 14.3 13.3 12.6 12.3 12.1 11.9 11.8 11.6 11.5 11.4 11.3 11.2 11.1 9.8 7.4 TP316HTP316H … S31609 16Cr–12Ni–2Mo 8 (9) 75 30 1.00 20.0 20.0 20.0 19.3 18.0 17.0 16.6 16.3 16.1 15.9 15.7 15.6 15.4 15.3 15.1 12.4 9.8 7.4 TP316HTP316N … S31651 16Cr–12Ni–2Mo–N 8 (10) 80 35 1.00 22.9 20.7 19.0 17.6 16.5 15.6 15.2 14.9 14.5 14.2 13.9 13.7 13.4 13.2 12.9 12.3 9.8 7.4 TP316NTP316N … S31651 16Cr–12Ni–2Mo–N 8 (9) (10) 80 35 1.00 22.9 22.9 22.0 21.5 21.2 21.0 20.5 20.0 19.6 19.2 18.8 18.5 18.1 17.8 15.8 12.3 9.8 7.4 TP316N
A376 TP321 … S32100 18Cr–10Ni–Ti 8 (10) 75 30 1.00 20.0 18.0 16.5 15.3 14.3 13.5 13.2 13.0 12.7 12.6 12.4 12.3 12.1 12.0 9.6 6.9 5.0 3.6 TP321 A376TP321 … S32100 18Cr–10Ni–Ti 8 (9) (10) 75 30 1.00 20.0 20.0 19.1 18.7 18.7 18.3 17.9 17.5 17.2 16.9 16.7 16.5 16.4 16.2 9.6 6.9 5.0 3.6 TP321TP321H … S32109 18Cr–10Ni–Ti 8 … 75 30 1.00 20.0 18.0 16.5 15.3 14.3 13.5 13.2 13.0 12.7 12.6 12.4 12.3 12.1 12.0 11.9 9.1 6.9 5.4 TP321HTP321H … S32109 18Cr–10Ni–Ti 8 (9) 75 30 1.00 20.0 20.0 19.1 18.7 18.7 18.3 17.9 17.5 17.2 16.9 16.7 16.5 16.4 16.2 12.3 9.1 6.9 5.4 TP321H
A376 TP347 … S34700 18Cr–10Ni–Cb 8 (10) 75 30 1.00 20.0 18.4 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 13.4 13.4 13.4 12.1 9.1 6.1 4.4 TP347 A376TP347 … S34700 18Cr–10Ni–Cb 8 (9) (10) 75 30 1.00 20.0 20.0 18.8 17.8 17.2 16.9 16.8 16.8 16.8 16.8 16.8 16.7 16.6 16.0 12.1 9.1 6.1 4.4 TP347TP347H … S34709 18Cr–10Ni–Cb 8 … 75 30 1.00 20.0 18.4 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 13.4 13.4 13.4 13.4 13.3 10.5 7.9 TP347HTP347H … S34709 18Cr–10Ni–Cb 8 (9) 75 30 1.00 20.0 20.0 18.8 17.8 17.1 16.9 16.8 16.8 16.8 16.8 16.8 16.7 16.6 16.4 16.2 14.1 10.5 7.9 TP347H
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Spec.
No.

Type or
Grade Class

UNS
Alloy
No.

Nominal
Composition

P-
No. Notes

Specified
Minimum
Tensile,
ksi

Specified
Minimum
Yield,
ksi

E
or
F

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding
Type
or

Grade
Spec.
No.100 200 300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200

Seamless Pipe and Tube: Austenitic   (Cont’d) Seamless Pipe and Tube: Austenitic (Cont’d)A376 TP348 … S34800 18Cr–10Ni–Cb 8 (10) 75 30 1.00 20.0 18.4 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 13.4 13.4 13.4 12.1 9.1 6.1 4.4 TP348 A376TP348 … S34800 18Cr–10Ni–Cb 8 (9) (10) 75 30 1.00 20.0 20.0 18.8 17.8 17.2 16.9 16.8 16.8 16.8 16.8 16.8 16.7 16.6 16.0 12.1 9.1 6.1 4.4 TP348
Seamless Pipe and Tube: Ferritic/Martensitic Seamless Pipe and Tube: Ferritic/MartensiticA268 TP405 … S40500 12Cr–Al 7 (3) 60 30 1.00 17.1 17.1 16.8 16.5 16.3 15.9 15.6 15.2 … … … … … … … … … … TP405 A268TP410 … S41000 13Cr 6 … 60 30 1.00 17.1 17.1 16.8 16.5 16.3 15.9 15.6 15.2 … … … … … … … … … … TP410TP429 … S42900 15Cr 6 (3) 60 35 1.00 17.1 17.1 16.8 16.5 16.3 15.9 15.6 15.2 … … … … … … … … … … TP429TP430 … S43000 17Cr 7 (3) 60 35 1.00 17.1 17.1 16.8 16.5 16.3 15.9 15.6 15.2 … … … … … … … … … … TP430TPXM-27 … S44627 26Cr–1Mo 10I (1) (2) 65 40 1.00 18.6 18.6 18.3 18.1 18.1 18.1 18.1 … … … … … … … … … … … TPXM-27TP446-1 … S44600 27Cr 10I … 70 40 1.00 20.0 20.0 19.3 18.8 18.4 17.9 17.7 … … … … … … … … … … … TP446-1TPXM-33 … S44626 27Cr–1Mo–Ti 10I (2) 68 45 1.00 19.4 19.4 19.3 19.0 18.8 18.4 18.1 … … … … … … … … … … … TPXM-33
Seamless Pipe and Tube: Ferritic/Austenitic Seamless Pipe and Tube: Ferritic/AusteniticA789 S31803 … S31803 22Cr–5.5Ni–3Mo–N 10H (1) (23) (24) 90 65 1.00 25.7 25.7 24.8 23.9 23.3 23.1 … … … … … … … … … … … … S31803 A789S32101 … S32101 21Cr–5Mn–1.5Ni–Cu–N 10H (1) (23) (24) 94 65 1.00 26.9 26.9 25.6 24.7 24.7 24.7 … … … … … … … … … … … … S321012205 … S32205 22Cr–5.5Ni–3Mo–N 10H (1) (23) (24) 95 70 1.00 27.1 27.1 26.2 25.2 24.6 24.3 … … … … … … … … … … … … 2205S32003 … S32003 21Cr–3.5Ni–1.75Mo–N 10H (1) (23) (24) 100 70 1.00 28.6 27.7 26.1 25.8 25.8 25.8 25.8 … … … … … … … … … … … S32003S32101 … S32101 21Cr–5Mn–1.5Ni–Cu–N 10H (1) (23) (24) 101 77 1.00 28.9 28.9 27.5 26.5 26.5 26.5 … … … … … … … … … … … … S32101… … S32550 25.5Cr–5.5Ni–3.5Mo–2Cu 10H (1) (25) (26) 110 80 1.00 31.4 31.3 29.5 28.6 28.2 … … … … … … … … … … … … … S32550S32750 … S32750 25Cr–7Ni–4Mo–N 10H (1) (22) (23) 116 80 1.00 33.1 33.0 31.2 30.1 29.6 29.4 … … … … … … … … … … … … S32750A790 S31803 … S31803 22Cr–5.5Ni–3Mo–N 10H (1) (23) (24) 90 65 1.00 25.7 25.7 24.8 23.9 23.3 23.1 … … … … … … … … … … … … S31803 A790S32101 … S32101 21Cr–5Mn–1.5Ni–Cu–N 10H (1) (23) (24) 94 65 1.00 26.9 26.9 25.6 24.7 24.7 24.7 … … … … … … … … … … … … S32101S32003 … S32003 21Cr–3.5Ni–1.75Mo–N 10H (1) (23) (24) 95 65 1.00 27.1 26.3 24.8 24.5 24.5 24.5 24.5 … … … … … … … … … … … S320032205 … S32205 22Cr–5.5Ni–3Mo–N 10H (1) (23) (24) 95 65 1.00 27.1 27.1 26.2 25.2 24.6 24.3 … … … … … … … … … … … … 2205S32101 … S32101 21Cr–5Mn–1.5Ni–Cu–N 10H (1) (23) (24) 101 77 1.00 28.9 28.9 27.5 26.5 26.5 26.5 … … … … … … … … … … … … S32101… … S32550 25.5Cr–5.5Ni–3.5Mo–2Cu 10H (1) (25) (26) 110 80 1.00 31.4 31.3 29.5 28.6 28.2 … … … … … … … … … … … … … S32550S32750 … S32750 25Cr–7Ni–4Mo–N 10H (1) (22) (23) 116 80 1.00 33.1 33.0 31.2 30.1 29.6 29.4 … … … … … … … … … … … … S32750
Centrifugally Cast Pipe: Austenitic Centrifugally Cast Pipe: AusteniticA451 CPF8 … J92600 18Cr–8Ni 8 (1) (8) (10) (17) 70 30 0.85 17.0 14.2 12.7 11.7 11.0 10.5 10.2 9.9 9.8 9.5 9.4 9.2 9.0 8.8 8.1 6.4 5.1 4.1 CPF8 A451CPF8 … J92600 18Cr–8Ni 8 (1) (8) (9) (10) (17) 70 30 0.85 17.0 16.1 15.0 14.5 14.4 14.1 13.8 13.4 13.2 12.9 12.7 12.4 12.2 10.4 8.1 6.4 5.1 4.1 CPF8CPF8C … J92710 18Cr–10Ni–Cb 8 (1) (8) (10) (17) 70 30 0.85 17.0 14.2 12.7 11.7 11.0 10.4 10.2 10.0 9.8 9.5 9.4 9.2 9.0 8.8 8.6 7.8 5.2 3.8 CPF8CCPF8C … J92710 18Cr–10Ni–Cb 8 (1) (8) (9) (10) (17) 70 30 0.85 17.0 16.1 15.0 14.5 14.4 14.1 13.8 13.5 13.2 12.9 12.6 12.4 12.1 11.9 10.3 7.8 5.2 3.8 CPF8CCPF8M … J92900 18Cr–9Ni–2Mo 8 (1) (8) (13) (17) 70 30 0.85 17.0 14.6 13.2 12.1 11.3 10.7 10.4 10.3 10.1 10.0 9.9 9.8 9.7 9.6 9.5 7.6 5.9 4.6 CPF8MCPF8M … J92900 18Cr–9Ni–2Mo 8 (1) (8) (9) (13) (17) 70 30 0.85 17.0 17.0 16.5 16.3 15.2 14.4 14.1 13.8 13.6 13.5 13.3 13.2 13.1 12.6 9.8 7.6 5.9 4.6 CPF8MA451 CPH8 … J93400 25Cr–12Ni 8 (1) (8) (10) (17) 65 28 0.85 15.8 13.0 12.0 11.5 11.1 10.8 10.5 10.3 10.0 9.7 9.4 9.1 8.7 8.4 7.2 5.5 4.3 3.2 CPH8 A451CPH8 … J93400 25Cr–12Ni 8 (1) (8) (9) (10) (17) 65 28 0.85 15.8 14.4 13.4 13.1 13.1 13.1 13.0 12.9 12.8 12.5 12.2 11.8 11.3 9.4 7.2 5.5 4.3 3.2 CPH8CPH10 … J93410 25Cr–12Ni 8 (1) (6) (8) (10) (17) (70) 30 0.85 17.0 13.9 12.8 12.3 11.9 11.5 11.3 11.0 10.7 10.4 10.0 9.7 7.8 5.0 3.2 2.1 1.3 0.85 CPH10CPH10 … J93410 25Cr–12Ni 8 (1) (6) (8) (9) (10) (17) (70) 30 0.85 17.0 15.6 14.5 14.1 14.1 14.1 14.0 13.9 13.8 13.5 13.1 12.7 7.8 5.0 3.2 2.1 1.3 0.85 CPH10A451 CPH20 … J93402 25Cr–12Ni 8 (1) (6) (8) (10) (17) (70) 30 0.85 17.0 13.9 12.8 12.3 11.9 11.5 11.3 11.0 10.7 10.4 10.0 9.7 9.4 9.0 7.2 5.5 4.3 3.2 CPH20 A451CPH20 … J93402 25Cr–12Ni 8 (1) (6) (8) (9) (10) (17) (70) 30 0.85 17.0 15.6 14.5 14.1 14.1 14.1 14.0 13.9 13.8 13.5 13.1 12.7 12.1 9.4 7.2 5.5 4.3 3.2 CPH20CPK20 … J94202 25Cr–20Ni 8 (1) (8) (10) (17) 65 28 0.85 15.8 13.0 12.0 11.5 11.1 10.8 10.5 10.3 10.0 9.7 9.4 9.1 8.7 8.4 8.1 7.2 6.2 5.1 CPK20CPK20 … J94202 25Cr–20Ni 8 (1) (8) (9) (10) (17) 65 28 0.85 15.8 14.4 13.4 13.1 13.1 13.1 13.0 12.9 12.8 12.5 12.2 11.8 11.3 9.6 8.3 7.2 6.2 5.1 CPK20
Welded Pipe and Tube — Without Filler Metal: Austenitic Welded Pipe and Tube — Without Filler Metal: AusteniticA249 TP304 … S30400 18Cr–8Ni 8 (10) 75 30 0.85 17.0 14.2 12.7 11.7 11.0 10.4 10.2 10.0 9.8 9.6 9.4 9.2 9.0 8.8 8.6 8.3 6.6 5.2 TP304 A249
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Spec.
No.

Type or
Grade Class

UNS
Alloy
No.

Nominal
Composition

P-
No. Notes

Specified
Minimum
Tensile,
ksi

Specified
Minimum
Yield,
ksi

E
or
F

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding
Type
or

Grade
Spec.
No.100 200 300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200

Seamless Pipe and Tube: Austenitic Seamless Pipe and Tube: Austenitic (Cont’d)A376 TP348 … S34800 18Cr–10Ni–Cb 8 (10) 75 30 1.00 20.0 18.4 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 13.4 13.4 13.4 12.1 9.1 6.1 4.4 TP348 A376TP348 … S34800 18Cr–10Ni–Cb 8 (9) (10) 75 30 1.00 20.0 20.0 18.8 17.8 17.2 16.9 16.8 16.8 16.8 16.8 16.8 16.7 16.6 16.0 12.1 9.1 6.1 4.4 TP348
Seamless Pipe and Tube: Ferritic/Martensitic Seamless Pipe and Tube: Ferritic/MartensiticA268 TP405 … S40500 12Cr–Al 7 (3) 60 30 1.00 17.1 17.1 16.8 16.5 16.3 15.9 15.6 15.2 … … … … … … … … … … TP405 A268TP410 … S41000 13Cr 6 … 60 30 1.00 17.1 17.1 16.8 16.5 16.3 15.9 15.6 15.2 … … … … … … … … … … TP410TP429 … S42900 15Cr 6 (3) 60 35 1.00 17.1 17.1 16.8 16.5 16.3 15.9 15.6 15.2 … … … … … … … … … … TP429TP430 … S43000 17Cr 7 (3) 60 35 1.00 17.1 17.1 16.8 16.5 16.3 15.9 15.6 15.2 … … … … … … … … … … TP430TPXM-27 … S44627 26Cr–1Mo 10I (1) (2) 65 40 1.00 18.6 18.6 18.3 18.1 18.1 18.1 18.1 … … … … … … … … … … … TPXM-27TP446-1 … S44600 27Cr 10I … 70 40 1.00 20.0 20.0 19.3 18.8 18.4 17.9 17.7 … … … … … … … … … … … TP446-1TPXM-33 … S44626 27Cr–1Mo–Ti 10I (2) 68 45 1.00 19.4 19.4 19.3 19.0 18.8 18.4 18.1 … … … … … … … … … … … TPXM-33
Seamless Pipe and Tube: Ferritic/Austenitic Seamless Pipe and Tube: Ferritic/AusteniticA789 S31803 … S31803 22Cr–5.5Ni–3Mo–N 10H (1) (23) (24) 90 65 1.00 25.7 25.7 24.8 23.9 23.3 23.1 … … … … … … … … … … … … S31803 A789S32101 … S32101 21Cr–5Mn–1.5Ni–Cu–N 10H (1) (23) (24) 94 65 1.00 26.9 26.9 25.6 24.7 24.7 24.7 … … … … … … … … … … … … S321012205 … S32205 22Cr–5.5Ni–3Mo–N 10H (1) (23) (24) 95 70 1.00 27.1 27.1 26.2 25.2 24.6 24.3 … … … … … … … … … … … … 2205S32003 … S32003 21Cr–3.5Ni–1.75Mo–N 10H (1) (23) (24) 100 70 1.00 28.6 27.7 26.1 25.8 25.8 25.8 25.8 … … … … … … … … … … … S32003S32101 … S32101 21Cr–5Mn–1.5Ni–Cu–N 10H (1) (23) (24) 101 77 1.00 28.9 28.9 27.5 26.5 26.5 26.5 … … … … … … … … … … … … S32101… … S32550 25.5Cr–5.5Ni–3.5Mo–2Cu 10H (1) (25) (26) 110 80 1.00 31.4 31.3 29.5 28.6 28.2 … … … … … … … … … … … … … S32550S32750 … S32750 25Cr–7Ni–4Mo–N 10H (1) (22) (23) 116 80 1.00 33.1 33.0 31.2 30.1 29.6 29.4 … … … … … … … … … … … … S32750A790 S31803 … S31803 22Cr–5.5Ni–3Mo–N 10H (1) (23) (24) 90 65 1.00 25.7 25.7 24.8 23.9 23.3 23.1 … … … … … … … … … … … … S31803 A790S32101 … S32101 21Cr–5Mn–1.5Ni–Cu–N 10H (1) (23) (24) 94 65 1.00 26.9 26.9 25.6 24.7 24.7 24.7 … … … … … … … … … … … … S32101S32003 … S32003 21Cr–3.5Ni–1.75Mo–N 10H (1) (23) (24) 95 65 1.00 27.1 26.3 24.8 24.5 24.5 24.5 24.5 … … … … … … … … … … … S320032205 … S32205 22Cr–5.5Ni–3Mo–N 10H (1) (23) (24) 95 65 1.00 27.1 27.1 26.2 25.2 24.6 24.3 … … … … … … … … … … … … 2205S32101 … S32101 21Cr–5Mn–1.5Ni–Cu–N 10H (1) (23) (24) 101 77 1.00 28.9 28.9 27.5 26.5 26.5 26.5 … … … … … … … … … … … … S32101… … S32550 25.5Cr–5.5Ni–3.5Mo–2Cu 10H (1) (25) (26) 110 80 1.00 31.4 31.3 29.5 28.6 28.2 … … … … … … … … … … … … … S32550S32750 … S32750 25Cr–7Ni–4Mo–N 10H (1) (22) (23) 116 80 1.00 33.1 33.0 31.2 30.1 29.6 29.4 … … … … … … … … … … … … S32750
Centrifugally Cast Pipe: Austenitic Centrifugally Cast Pipe: AusteniticA451 CPF8 … J92600 18Cr–8Ni 8 (1) (8) (10) (17) 70 30 0.85 17.0 14.2 12.7 11.7 11.0 10.5 10.2 9.9 9.8 9.5 9.4 9.2 9.0 8.8 8.1 6.4 5.1 4.1 CPF8 A451CPF8 … J92600 18Cr–8Ni 8 (1) (8) (9) (10) (17) 70 30 0.85 17.0 16.1 15.0 14.5 14.4 14.1 13.8 13.4 13.2 12.9 12.7 12.4 12.2 10.4 8.1 6.4 5.1 4.1 CPF8CPF8C … J92710 18Cr–10Ni–Cb 8 (1) (8) (10) (17) 70 30 0.85 17.0 14.2 12.7 11.7 11.0 10.4 10.2 10.0 9.8 9.5 9.4 9.2 9.0 8.8 8.6 7.8 5.2 3.8 CPF8CCPF8C … J92710 18Cr–10Ni–Cb 8 (1) (8) (9) (10) (17) 70 30 0.85 17.0 16.1 15.0 14.5 14.4 14.1 13.8 13.5 13.2 12.9 12.6 12.4 12.1 11.9 10.3 7.8 5.2 3.8 CPF8CCPF8M … J92900 18Cr–9Ni–2Mo 8 (1) (8) (13) (17) 70 30 0.85 17.0 14.6 13.2 12.1 11.3 10.7 10.4 10.3 10.1 10.0 9.9 9.8 9.7 9.6 9.5 7.6 5.9 4.6 CPF8MCPF8M … J92900 18Cr–9Ni–2Mo 8 (1) (8) (9) (13) (17) 70 30 0.85 17.0 17.0 16.5 16.3 15.2 14.4 14.1 13.8 13.6 13.5 13.3 13.2 13.1 12.6 9.8 7.6 5.9 4.6 CPF8MA451 CPH8 … J93400 25Cr–12Ni 8 (1) (8) (10) (17) 65 28 0.85 15.8 13.0 12.0 11.5 11.1 10.8 10.5 10.3 10.0 9.7 9.4 9.1 8.7 8.4 7.2 5.5 4.3 3.2 CPH8 A451CPH8 … J93400 25Cr–12Ni 8 (1) (8) (9) (10) (17) 65 28 0.85 15.8 14.4 13.4 13.1 13.1 13.1 13.0 12.9 12.8 12.5 12.2 11.8 11.3 9.4 7.2 5.5 4.3 3.2 CPH8CPH10 … J93410 25Cr–12Ni 8 (1) (6) (8) (10) (17) (70) 30 0.85 17.0 13.9 12.8 12.3 11.9 11.5 11.3 11.0 10.7 10.4 10.0 9.7 7.8 5.0 3.2 2.1 1.3 0.85 CPH10CPH10 … J93410 25Cr–12Ni 8 (1) (6) (8) (9) (10) (17) (70) 30 0.85 17.0 15.6 14.5 14.1 14.1 14.1 14.0 13.9 13.8 13.5 13.1 12.7 7.8 5.0 3.2 2.1 1.3 0.85 CPH10A451 CPH20 … J93402 25Cr–12Ni 8 (1) (6) (8) (10) (17) (70) 30 0.85 17.0 13.9 12.8 12.3 11.9 11.5 11.3 11.0 10.7 10.4 10.0 9.7 9.4 9.0 7.2 5.5 4.3 3.2 CPH20 A451CPH20 … J93402 25Cr–12Ni 8 (1) (6) (8) (9) (10) (17) (70) 30 0.85 17.0 15.6 14.5 14.1 14.1 14.1 14.0 13.9 13.8 13.5 13.1 12.7 12.1 9.4 7.2 5.5 4.3 3.2 CPH20CPK20 … J94202 25Cr–20Ni 8 (1) (8) (10) (17) 65 28 0.85 15.8 13.0 12.0 11.5 11.1 10.8 10.5 10.3 10.0 9.7 9.4 9.1 8.7 8.4 8.1 7.2 6.2 5.1 CPK20CPK20 … J94202 25Cr–20Ni 8 (1) (8) (9) (10) (17) 65 28 0.85 15.8 14.4 13.4 13.1 13.1 13.1 13.0 12.9 12.8 12.5 12.2 11.8 11.3 9.6 8.3 7.2 6.2 5.1 CPK20
Welded Pipe and Tube — Without Filler Metal: Austenitic Welded Pipe and Tube — Without Filler Metal: AusteniticA249 TP304 … S30400 18Cr–8Ni 8 (10) 75 30 0.85 17.0 14.2 12.7 11.7 11.0 10.4 10.2 10.0 9.8 9.6 9.4 9.2 9.0 8.8 8.6 8.3 6.6 5.2 TP304 A249
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Spec.
No.

Type or
Grade Class

UNS
Alloy
No.

Nominal
Composition

P-
No. Notes

Specified
Minimum
Tensile,
ksi

Specified
Minimum
Yield,
ksi

E
or
F

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding
Type
or

Grade
Spec.
No.100 200 300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200

Welded Pipe and Tube — Without Filler Metal: Austenitic   (Cont’d) Welded Pipe and Tube — Without Filler Metal: Austenitic (Cont’d)TP304 … S30400 18Cr–8Ni 8 (9) (10) 75 30 0.85 17.0 17.0 16.1 15.5 14.8 14.1 13.8 13.5 13.2 12.9 12.6 12.4 12.1 11.9 10.5 8.3 6.6 5.2 TP304TP304H … S30409 18Cr–8Ni 8 … 75 30 0.85 17.0 14.2 12.7 11.7 11.0 10.4 10.2 10.0 9.8 9.6 9.4 9.2 9.0 8.8 8.6 8.3 6.6 5.2 TP304HTP304H … S30409 18Cr–8Ni 8 (9) 75 30 0.85 17.0 17.0 16.1 15.5 14.8 14.1 13.8 13.5 13.2 12.9 12.6 12.4 12.1 11.9 10.5 8.3 6.6 5.2 TP304H
A249 TP304L … S30403 18Cr–8Ni 8 (1) 70 25 0.85 14.2 12.1 10.9 9.9 9.3 8.8 8.6 8.5 8.3 8.2 … … … … … … … … TP304L A249TP304L … S30403 18Cr–8Ni 8 (1) (9) 70 25 0.85 14.2 14.2 14.2 13.4 12.5 11.9 11.7 11.4 11.3 11.1 … … … … … … … … TP304LTP304N … S30451 18Cr–8Ni–N 8 (10) 80 35 0.85 19.4 16.2 14.2 12.8 11.9 11.3 11.0 10.8 10.6 10.5 10.3 10.0 9.8 9.6 9.4 8.3 6.6 5.2 TP304NTP304N … S30451 18Cr–8Ni–N 8 (9) (10) 80 35 0.85 19.4 19.4 18.5 17.3 16.0 15.2 14.9 14.6 14.4 14.1 13.8 13.6 13.3 13.0 10.5 8.3 6.6 5.2 TP304N
A249 … … S30815 21Cr–11Ni–N 8 (1) 87 45 0.85 21.2 21.0 18.7 16.9 15.7 15.0 14.8 14.6 14.5 14.3 14.1 13.9 13.8 12.7 9.9 7.7 5.9 4.4 … A249… … S30815 21Cr–11Ni–N 8 (1) (9) 87 45 0.85 21.2 21.0 19.8 19.0 18.5 18.2 18.0 17.9 17.7 17.5 17.3 17.0 16.2 12.7 9.9 7.7 5.9 4.4 …
A249 TP309H … S30909 23Cr–12Ni 8 (9) 75 30 0.85 17.0 17.0 17.0 17.0 16.5 15.9 15.7 15.5 15.3 15.1 14.8 14.6 14.4 11.7 8.8 6.5 4.7 3.4 TP309H A249TP309H … S30909 23Cr–12Ni 8 … 75 30 0.85 17.0 14.9 13.7 12.8 12.2 11.8 11.6 11.5 11.3 11.2 11.0 10.8 10.6 10.4 8.8 6.5 4.7 3.4 TP309H
A249 TP316 … S31600 16Cr–12Ni–2Mo 8 (10) 75 30 0.85 17.0 14.7 13.2 12.1 11.3 10.7 10.5 10.3 10.1 10.0 9.9 9.8 9.7 9.6 9.5 9.4 8.3 6.3 TP316 A249TP316 … S31600 16Cr–12Ni–2Mo 8 (9) (10) 75 30 0.85 17.0 17.0 17.0 16.4 15.3 14.5 14.1 13.9 13.7 13.5 13.4 13.2 13.1 13.0 12.9 10.5 8.3 6.3 TP316TP316H … S31609 16Cr–12Ni–2Mo 8 … 75 30 0.85 17.0 14.7 13.2 12.1 11.3 10.7 10.5 10.3 10.1 10.0 9.9 9.8 9.7 9.6 9.5 9.4 8.3 6.3 TP316HTP316H … S31609 16Cr–12Ni–2Mo 8 (9) 75 30 0.85 17.0 17.0 17.0 16.4 15.3 14.5 14.1 13.9 13.7 13.5 13.4 13.2 13.1 13.0 12.9 10.5 8.3 6.3 TP316H
A249 TP316L … S31603 16Cr–12Ni–2Mo 8 (1) (29) 70 25 0.85 14.2 12.1 10.8 9.9 9.3 8.8 8.7 8.5 8.3 8.1 8.0 7.8 7.7 7.5 7.3 7.2 7.1 5.4 TP316L A249TP316L … S31603 16Cr–12Ni–2Mo 8 (1) (9) (29) 70 25 0.85 14.2 14.2 14.2 13.4 12.5 11.9 11.7 11.4 11.2 11.0 10.8 10.5 10.3 10.1 9.9 9.7 7.5 5.4 TP316LTP316N … S31651 16Cr–12Ni–2Mo–N 8 (10) 80 35 0.85 19.4 17.6 16.1 15.0 14.0 13.3 12.9 12.6 12.3 12.1 11.9 11.6 11.4 11.2 11.0 10.5 8.3 6.3 TP316NTP316N … S31651 16Cr–12Ni–2Mo–N 8 (9) (10) 80 35 0.85 19.4 19.4 18.7 18.2 18.1 17.9 17.4 17.0 16.7 16.3 16.0 15.7 15.4 15.1 13.4 10.5 8.3 6.3 TP316N
A249 TP317 … S31700 18Cr–13Ni–3Mo 8 (1) (10) 75 30 0.85 17.0 14.7 13.2 12.1 11.3 10.7 10.5 10.3 10.1 10.0 9.9 9.8 9.7 9.6 9.5 9.4 8.3 6.3 TP317 A249TP317 … S31700 18Cr–13Ni–3Mo 8 (1) (9) (10) 75 30 0.85 17.0 17.0 17.0 16.4 15.3 14.5 14.1 13.9 13.7 13.5 13.4 13.2 13.1 13.0 12.9 10.5 8.3 6.3 TP317TP321 … S32100 18Cr–10Ni–Ti 8 (10) 75 30 0.85 17.0 15.3 14.1 13.0 12.2 11.5 11.2 11.0 10.8 10.7 10.5 10.4 10.3 10.2 8.2 5.9 4.3 3.1 TP321TP321 … S32100 18Cr–10Ni–Ti 8 (9) (10) 75 30 0.85 17.0 17.0 16.2 15.9 15.9 15.5 15.2 14.9 14.6 14.4 14.2 14.1 13.9 13.8 8.2 5.9 4.3 3.1 TP321TP321H … S32109 18Cr–10Ni–Ti 8 … 75 30 0.85 17.0 15.3 14.1 13.0 12.2 11.5 11.2 11.0 10.8 10.7 10.5 10.4 10.3 10.2 10.1 7.7 5.9 4.6 TP321HTP321H … S32109 18Cr–10Ni–Ti 8 (9) 75 30 0.85 17.0 17.0 16.2 15.9 15.9 15.5 15.2 14.9 14.6 14.4 14.2 14.1 13.9 13.8 10.5 7.7 5.9 4.6 TP321H
A249 TP347 … S34700 18Cr–10Ni–Cb 8 (10) 75 30 0.85 17.0 15.6 14.6 13.6 12.8 12.2 11.9 11.8 11.6 11.5 11.5 11.4 11.4 11.4 10.3 7.8 5.2 3.8 TP347 A249TP347 … S34700 18Cr–10Ni–Cb 8 (9) (10) 75 30 0.85 17.0 17.0 16.0 15.1 14.6 14.3 14.3 14.3 14.3 14.3 14.3 14.2 14.1 13.6 10.3 7.8 5.2 3.8 TP347TP347H … S34709 18Cr–10Ni–Cb 8 … 75 30 0.85 17.0 15.6 14.6 13.6 12.8 12.2 11.9 11.8 11.6 11.5 11.5 11.4 11.4 11.4 11.4 11.3 8.9 6.7 TP347HTP347H … S34709 18Cr–10Ni–Cb 8 (9) 75 30 0.85 17.0 17.0 16.0 15.1 14.6 14.3 14.3 14.3 14.3 14.3 14.3 14.2 14.1 14.0 13.7 12.0 8.9 6.7 TP347H
A249 TP348 … S34800 18Cr–10Ni–Cb 8 (10) 75 30 0.85 17.0 15.6 14.6 13.6 12.8 12.2 11.9 11.8 11.6 11.5 11.5 11.4 11.4 11.4 10.3 7.8 5.2 3.8 TP348 A249TP348 … S34800 18Cr–10Ni–Cb 8 (9) (10) 75 30 0.85 17.0 17.0 16.0 15.1 14.6 14.3 14.3 14.3 14.3 14.3 14.3 14.2 14.1 13.6 10.3 7.8 5.2 3.8 TP348TP348H … S34809 18Cr–10Ni–Cb 8 … 75 30 0.85 17.0 15.6 14.6 13.6 12.8 12.2 11.9 11.8 11.6 11.5 11.5 11.4 11.4 11.4 11.4 11.3 8.9 6.7 TP348HTP348H … S34809 18Cr–10Ni–Cb 8 (9) 75 30 0.85 17.0 17.0 16.0 15.1 14.6 14.3 14.3 14.3 14.3 14.3 14.3 14.2 14.1 14.0 13.7 12.0 8.9 6.7 TP348H
A249 … … S31254 20Cr–18Ni–6Mo 8 (1) 94 44 0.85 22.8 20.3 18.2 16.8 15.8 15.2 15.0 14.8 14.7 … … … … … … … … … … A249… … S31254 20Cr–18Ni–6Mo 8 (1) (9) 94 44 0.85 22.8 22.8 21.7 20.7 20.0 19.5 19.4 19.3 19.2 … … … … … … … … … …
A312 … … N08904 44Fe–25Ni–21Cr–Mo 45 (1) 71 31 0.85 17.2 14.2 12.9 11.8 10.8 10.1 9.9 9.7 … … … … … … … … … … … A312
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Spec.
No.

Type or
Grade Class

UNS
Alloy
No.

Nominal
Composition

P-
No. Notes

Specified
Minimum
Tensile,
ksi

Specified
Minimum
Yield,
ksi

E
or
F

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding
Type
or

Grade
Spec.
No.100 200 300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200

Welded Pipe and Tube — Without Filler Metal: Austenitic Welded Pipe and Tube — Without Filler Metal: Austenitic (Cont’d)TP304 … S30400 18Cr–8Ni 8 (9) (10) 75 30 0.85 17.0 17.0 16.1 15.5 14.8 14.1 13.8 13.5 13.2 12.9 12.6 12.4 12.1 11.9 10.5 8.3 6.6 5.2 TP304TP304H … S30409 18Cr–8Ni 8 … 75 30 0.85 17.0 14.2 12.7 11.7 11.0 10.4 10.2 10.0 9.8 9.6 9.4 9.2 9.0 8.8 8.6 8.3 6.6 5.2 TP304HTP304H … S30409 18Cr–8Ni 8 (9) 75 30 0.85 17.0 17.0 16.1 15.5 14.8 14.1 13.8 13.5 13.2 12.9 12.6 12.4 12.1 11.9 10.5 8.3 6.6 5.2 TP304H
A249 TP304L … S30403 18Cr–8Ni 8 (1) 70 25 0.85 14.2 12.1 10.9 9.9 9.3 8.8 8.6 8.5 8.3 8.2 … … … … … … … … TP304L A249TP304L … S30403 18Cr–8Ni 8 (1) (9) 70 25 0.85 14.2 14.2 14.2 13.4 12.5 11.9 11.7 11.4 11.3 11.1 … … … … … … … … TP304LTP304N … S30451 18Cr–8Ni–N 8 (10) 80 35 0.85 19.4 16.2 14.2 12.8 11.9 11.3 11.0 10.8 10.6 10.5 10.3 10.0 9.8 9.6 9.4 8.3 6.6 5.2 TP304NTP304N … S30451 18Cr–8Ni–N 8 (9) (10) 80 35 0.85 19.4 19.4 18.5 17.3 16.0 15.2 14.9 14.6 14.4 14.1 13.8 13.6 13.3 13.0 10.5 8.3 6.6 5.2 TP304N
A249 … … S30815 21Cr–11Ni–N 8 (1) 87 45 0.85 21.2 21.0 18.7 16.9 15.7 15.0 14.8 14.6 14.5 14.3 14.1 13.9 13.8 12.7 9.9 7.7 5.9 4.4 … A249… … S30815 21Cr–11Ni–N 8 (1) (9) 87 45 0.85 21.2 21.0 19.8 19.0 18.5 18.2 18.0 17.9 17.7 17.5 17.3 17.0 16.2 12.7 9.9 7.7 5.9 4.4 …
A249 TP309H … S30909 23Cr–12Ni 8 (9) 75 30 0.85 17.0 17.0 17.0 17.0 16.5 15.9 15.7 15.5 15.3 15.1 14.8 14.6 14.4 11.7 8.8 6.5 4.7 3.4 TP309H A249TP309H … S30909 23Cr–12Ni 8 … 75 30 0.85 17.0 14.9 13.7 12.8 12.2 11.8 11.6 11.5 11.3 11.2 11.0 10.8 10.6 10.4 8.8 6.5 4.7 3.4 TP309H
A249 TP316 … S31600 16Cr–12Ni–2Mo 8 (10) 75 30 0.85 17.0 14.7 13.2 12.1 11.3 10.7 10.5 10.3 10.1 10.0 9.9 9.8 9.7 9.6 9.5 9.4 8.3 6.3 TP316 A249TP316 … S31600 16Cr–12Ni–2Mo 8 (9) (10) 75 30 0.85 17.0 17.0 17.0 16.4 15.3 14.5 14.1 13.9 13.7 13.5 13.4 13.2 13.1 13.0 12.9 10.5 8.3 6.3 TP316TP316H … S31609 16Cr–12Ni–2Mo 8 … 75 30 0.85 17.0 14.7 13.2 12.1 11.3 10.7 10.5 10.3 10.1 10.0 9.9 9.8 9.7 9.6 9.5 9.4 8.3 6.3 TP316HTP316H … S31609 16Cr–12Ni–2Mo 8 (9) 75 30 0.85 17.0 17.0 17.0 16.4 15.3 14.5 14.1 13.9 13.7 13.5 13.4 13.2 13.1 13.0 12.9 10.5 8.3 6.3 TP316H
A249 TP316L … S31603 16Cr–12Ni–2Mo 8 (1) (29) 70 25 0.85 14.2 12.1 10.8 9.9 9.3 8.8 8.7 8.5 8.3 8.1 8.0 7.8 7.7 7.5 7.3 7.2 7.1 5.4 TP316L A249TP316L … S31603 16Cr–12Ni–2Mo 8 (1) (9) (29) 70 25 0.85 14.2 14.2 14.2 13.4 12.5 11.9 11.7 11.4 11.2 11.0 10.8 10.5 10.3 10.1 9.9 9.7 7.5 5.4 TP316LTP316N … S31651 16Cr–12Ni–2Mo–N 8 (10) 80 35 0.85 19.4 17.6 16.1 15.0 14.0 13.3 12.9 12.6 12.3 12.1 11.9 11.6 11.4 11.2 11.0 10.5 8.3 6.3 TP316NTP316N … S31651 16Cr–12Ni–2Mo–N 8 (9) (10) 80 35 0.85 19.4 19.4 18.7 18.2 18.1 17.9 17.4 17.0 16.7 16.3 16.0 15.7 15.4 15.1 13.4 10.5 8.3 6.3 TP316N
A249 TP317 … S31700 18Cr–13Ni–3Mo 8 (1) (10) 75 30 0.85 17.0 14.7 13.2 12.1 11.3 10.7 10.5 10.3 10.1 10.0 9.9 9.8 9.7 9.6 9.5 9.4 8.3 6.3 TP317 A249TP317 … S31700 18Cr–13Ni–3Mo 8 (1) (9) (10) 75 30 0.85 17.0 17.0 17.0 16.4 15.3 14.5 14.1 13.9 13.7 13.5 13.4 13.2 13.1 13.0 12.9 10.5 8.3 6.3 TP317TP321 … S32100 18Cr–10Ni–Ti 8 (10) 75 30 0.85 17.0 15.3 14.1 13.0 12.2 11.5 11.2 11.0 10.8 10.7 10.5 10.4 10.3 10.2 8.2 5.9 4.3 3.1 TP321TP321 … S32100 18Cr–10Ni–Ti 8 (9) (10) 75 30 0.85 17.0 17.0 16.2 15.9 15.9 15.5 15.2 14.9 14.6 14.4 14.2 14.1 13.9 13.8 8.2 5.9 4.3 3.1 TP321TP321H … S32109 18Cr–10Ni–Ti 8 … 75 30 0.85 17.0 15.3 14.1 13.0 12.2 11.5 11.2 11.0 10.8 10.7 10.5 10.4 10.3 10.2 10.1 7.7 5.9 4.6 TP321HTP321H … S32109 18Cr–10Ni–Ti 8 (9) 75 30 0.85 17.0 17.0 16.2 15.9 15.9 15.5 15.2 14.9 14.6 14.4 14.2 14.1 13.9 13.8 10.5 7.7 5.9 4.6 TP321H
A249 TP347 … S34700 18Cr–10Ni–Cb 8 (10) 75 30 0.85 17.0 15.6 14.6 13.6 12.8 12.2 11.9 11.8 11.6 11.5 11.5 11.4 11.4 11.4 10.3 7.8 5.2 3.8 TP347 A249TP347 … S34700 18Cr–10Ni–Cb 8 (9) (10) 75 30 0.85 17.0 17.0 16.0 15.1 14.6 14.3 14.3 14.3 14.3 14.3 14.3 14.2 14.1 13.6 10.3 7.8 5.2 3.8 TP347TP347H … S34709 18Cr–10Ni–Cb 8 … 75 30 0.85 17.0 15.6 14.6 13.6 12.8 12.2 11.9 11.8 11.6 11.5 11.5 11.4 11.4 11.4 11.4 11.3 8.9 6.7 TP347HTP347H … S34709 18Cr–10Ni–Cb 8 (9) 75 30 0.85 17.0 17.0 16.0 15.1 14.6 14.3 14.3 14.3 14.3 14.3 14.3 14.2 14.1 14.0 13.7 12.0 8.9 6.7 TP347H
A249 TP348 … S34800 18Cr–10Ni–Cb 8 (10) 75 30 0.85 17.0 15.6 14.6 13.6 12.8 12.2 11.9 11.8 11.6 11.5 11.5 11.4 11.4 11.4 10.3 7.8 5.2 3.8 TP348 A249TP348 … S34800 18Cr–10Ni–Cb 8 (9) (10) 75 30 0.85 17.0 17.0 16.0 15.1 14.6 14.3 14.3 14.3 14.3 14.3 14.3 14.2 14.1 13.6 10.3 7.8 5.2 3.8 TP348TP348H … S34809 18Cr–10Ni–Cb 8 … 75 30 0.85 17.0 15.6 14.6 13.6 12.8 12.2 11.9 11.8 11.6 11.5 11.5 11.4 11.4 11.4 11.4 11.3 8.9 6.7 TP348HTP348H … S34809 18Cr–10Ni–Cb 8 (9) 75 30 0.85 17.0 17.0 16.0 15.1 14.6 14.3 14.3 14.3 14.3 14.3 14.3 14.2 14.1 14.0 13.7 12.0 8.9 6.7 TP348H
A249 … … S31254 20Cr–18Ni–6Mo 8 (1) 94 44 0.85 22.8 20.3 18.2 16.8 15.8 15.2 15.0 14.8 14.7 … … … … … … … … … … A249… … S31254 20Cr–18Ni–6Mo 8 (1) (9) 94 44 0.85 22.8 22.8 21.7 20.7 20.0 19.5 19.4 19.3 19.2 … … … … … … … … … …
A312 … … N08904 44Fe–25Ni–21Cr–Mo 45 (1) 71 31 0.85 17.2 14.2 12.9 11.8 10.8 10.1 9.9 9.7 … … … … … … … … … … … A312
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Spec.
No.

Type or
Grade Class

UNS
Alloy
No.

Nominal
Composition

P-
No. Notes

Specified
Minimum
Tensile,
ksi

Specified
Minimum
Yield,
ksi

E
or
F

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding
Type
or

Grade
Spec.
No.100 200 300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200

Welded Pipe and Tube — Without Filler Metal: Austenitic   (Cont’d) Welded Pipe and Tube — Without Filler Metal: Austenitic (Cont’d)TP304 … S30400 18Cr–8Ni 8 (10) 75 30 0.85 17.0 14.2 12.7 11.7 11.0 10.4 10.2 10.0 9.8 9.6 9.4 9.2 9.0 8.8 8.6 8.3 6.6 5.2 TP304TP304 … S30400 18Cr–8Ni 8 (9) (10) 75 30 0.85 17.0 17.0 16.1 15.5 14.8 14.1 13.8 13.5 13.2 12.9 12.6 12.4 12.1 11.9 10.5 8.3 6.6 5.2 TP304TP304H … S30409 18Cr–8Ni 8 … 75 30 0.85 17.0 14.2 12.7 11.7 11.0 10.4 10.2 10.0 9.8 9.6 9.4 9.2 9.0 8.8 8.6 8.3 6.6 5.2 TP304HTP304H … S30409 18Cr–8Ni 8 (9) 75 30 0.85 17.0 17.0 16.1 15.5 14.8 14.1 13.8 13.5 13.2 12.9 12.6 12.4 12.1 11.9 10.5 8.3 6.6 5.2 TP304HA312 TP304L … S30403 18Cr–8Ni 8 (1) 70 25 0.85 14.2 12.1 10.9 9.9 9.3 8.8 8.6 8.5 8.3 8.2 … … … … … … … … TP304L A312TP304L … S30403 18Cr–8Ni 8 (1) (9) 70 25 0.85 14.2 14.2 14.2 13.4 12.5 11.9 11.7 11.4 11.3 11.1 … … … … … … … … TP304LTP304N … S30451 18Cr–8Ni–N 8 (10) 80 35 0.85 19.4 16.2 14.2 12.8 11.9 11.3 11.0 10.8 10.6 10.5 10.3 10.0 9.8 9.6 9.4 8.3 6.6 5.2 TP304NTP304N … S30451 18Cr–8Ni–N 8 (9) (10) 80 35 0.85 19.4 19.4 18.5 17.3 16.0 15.2 14.9 14.6 14.4 14.1 13.8 13.6 13.3 13.0 10.5 8.3 6.6 5.2 TP304NA312 … … S30815 21Cr–11Ni–N 8 (1) 87 45 0.85 21.2 21.0 18.7 16.9 15.7 15.0 14.8 14.6 14.5 14.3 14.1 13.9 13.8 12.7 9.9 7.7 5.9 4.4 … A312… … S30815 21Cr–11Ni–N 8 (1) (9) 87 45 0.85 21.2 21.0 19.8 19.0 18.5 18.2 18.0 17.9 17.7 17.5 17.3 17.0 16.2 12.7 9.9 7.7 5.9 4.4 …A312 TP309H … S30909 23Cr–12Ni 8 (9) 75 30 0.85 17.0 17.0 17.0 17.0 16.5 15.9 15.7 15.5 15.3 15.1 14.8 14.6 14.4 11.7 8.8 6.5 4.7 3.4 TP309H A312TP309H … S30909 23Cr–12Ni 8 … 75 30 0.85 17.0 14.9 13.7 12.8 12.2 11.8 11.6 11.5 11.3 11.2 11.0 10.8 10.6 10.4 8.8 6.5 4.7 3.4 TP309HTP310H … S31009 23Cr–20Ni 8 (9) 75 30 0.85 17.0 17.0 17.0 16.9 16.4 15.7 15.5 15.2 15.0 14.8 14.6 14.4 14.2 11.7 8.8 6.5 4.7 3.4 TP310HTP310H … S31009 23Cr–20Ni 8 … 75 30 0.85 17.0 15.0 13.7 12.8 12.1 11.7 11.5 11.3 11.1 11.0 10.8 10.7 10.5 10.3 8.8 6.5 4.7 3.4 TP310HA312 TP316 … S31600 16Cr–12Ni–2Mo 8 (10) 75 30 0.85 17.0 14.7 13.2 12.1 11.3 10.7 10.5 10.3 10.1 10.0 9.9 9.8 9.7 9.6 9.5 9.4 8.3 6.3 TP316 A312TP316 … S31600 16Cr–12Ni–2Mo 8 (9) (10) 75 30 0.85 17.0 17.0 17.0 16.4 15.3 14.5 14.1 13.9 13.7 13.5 13.4 13.2 13.1 13.0 12.9 10.5 8.3 6.3 TP316TP316H … S31609 16Cr–12Ni–2Mo 8 … 75 30 0.85 17.0 14.7 13.2 12.1 11.3 10.7 10.5 10.3 10.1 10.0 9.9 9.8 9.7 9.6 9.5 9.4 8.3 6.3 TP316HTP316H … S31609 16Cr–12Ni–2Mo 8 (9) 75 30 0.85 17.0 17.0 17.0 16.4 15.3 14.5 14.1 13.9 13.7 13.5 13.4 13.2 13.1 13.0 12.9 10.5 8.3 6.3 TP316HA312 TP316L … S31603 16Cr–12Ni–2Mo 8 (1) (29) 70 25 0.85 14.2 12.1 10.8 9.9 9.3 8.8 8.7 8.5 8.3 8.1 8.0 7.8 7.7 7.5 7.3 7.2 7.1 5.4 TP316L A312TP316L … S31603 16Cr–12Ni–2Mo 8 (1) (9) (29) 70 25 0.85 14.2 14.2 14.2 13.4 12.5 11.9 11.7 11.4 11.2 11.0 10.8 10.5 10.3 10.1 9.9 9.7 7.5 5.4 TP316LTP316N … S31651 16Cr–12Ni–2Mo–N 8 (10) 80 35 0.85 19.4 17.6 16.1 15.0 14.0 13.3 12.9 12.6 12.3 12.1 11.9 11.6 11.4 11.2 11.0 10.5 8.3 6.3 TP316NTP316N … S31651 16Cr–12Ni–2Mo–N 8 (9) (10) 80 35 0.85 19.4 19.4 18.7 18.2 18.1 17.9 17.4 17.0 16.7 16.3 16.0 15.7 15.4 15.1 13.4 10.5 8.3 6.3 TP316NTP317LMN … S31726 19Cr–15.5Ni–4Mo 8 (1) 80 35 0.85 19.4 17.0 15.2 13.8 13.0 12.4 … … … … … … … … … … … … TP317LMNTP317LMN … S31726 19Cr–15.5Ni–4Mo 8 (1) (9) 80 35 0.85 19.4 18.5 17.7 17.4 17.2 16.7 … … … … … … … … … … … … TP317LMNA312 TP317 … S31700 18Cr–13Ni–3Mo 8 (1) (10) 75 30 0.85 17.0 14.7 13.2 12.1 11.3 10.7 10.5 10.3 10.1 10.0 9.9 9.8 9.7 9.6 9.5 9.4 8.3 6.3 TP317 A312TP317 … S31700 18Cr–13Ni–3Mo 8 (1) (9) (10) 75 30 0.85 17.0 17.0 17.0 16.4 15.3 14.5 14.1 13.9 13.7 13.5 13.4 13.2 13.1 13.0 12.9 10.5 8.3 6.3 TP317TP321 … S32100 18Cr–10Ni–Ti 8 (10) 75 30 0.85 17.0 15.3 14.1 13.0 12.2 11.5 11.2 11.0 10.8 10.7 10.5 10.4 10.3 10.2 8.2 5.9 4.3 3.1 TP321TP321 … S32100 18Cr–10Ni–Ti 8 (9) (10) 75 30 0.85 17.0 17.0 16.2 15.9 15.9 15.5 15.2 14.9 14.6 14.4 14.2 14.1 13.9 13.8 8.2 5.9 4.3 3.1 TP321TP321H … S32109 18Cr–10Ni–Ti 8 … 75 30 0.85 17.0 15.3 14.1 13.0 12.2 11.5 11.2 11.0 10.8 10.7 10.5 10.4 10.3 10.2 10.1 7.7 5.9 4.6 TP321HTP321H … S32109 18Cr–10Ni–Ti 8 (9) 75 30 0.85 17.0 17.0 16.2 15.9 15.9 15.5 15.2 14.9 14.6 14.4 14.2 14.1 13.9 13.8 10.5 7.7 5.9 4.6 TP321H
A312 TP347 … S34700 18Cr–10Ni–Cb 8 (10) 75 30 0.85 17.0 15.6 14.6 13.6 12.8 12.2 11.9 11.8 11.6 11.5 11.5 11.4 11.4 11.4 10.3 7.8 5.2 3.8 TP347 A312TP347 … S34700 18Cr–10Ni–Cb 8 (9) (10) 75 30 0.85 17.0 17.0 16.0 15.1 14.6 14.3 14.3 14.3 14.3 14.3 14.3 14.2 14.1 13.6 10.3 7.8 5.2 3.8 TP347TP347H … S34709 18Cr–10Ni–Cb 8 … 75 30 0.85 17.0 15.6 14.6 13.6 12.8 12.2 11.9 11.8 11.6 11.5 11.5 11.4 11.4 11.4 11.4 11.3 8.9 6.7 TP347HTP347H … S34709 18Cr–10Ni–Cb 8 (9) 75 30 0.85 17.0 17.0 16.0 15.1 14.6 14.3 14.3 14.3 14.3 14.3 14.3 14.2 14.1 14.0 13.7 12.0 8.9 6.7 TP347HA312 TP348 … S34800 18Cr–10Ni–Cb 8 (1) (10) 75 30 0.85 17.0 15.6 14.6 13.6 12.8 12.2 11.9 11.8 11.6 11.5 11.5 11.4 11.4 11.4 10.3 7.8 5.2 3.8 TP348 A312TP348 … S34800 18Cr–10Ni–Cb 8 (1) (9) (10) 75 30 0.85 17.0 17.0 16.0 15.1 14.6 14.3 14.3 14.3 14.3 14.3 14.3 14.2 14.1 13.6 10.3 7.8 5.2 3.8 TP348TP348H … S34809 18Cr–10Ni–Cb 8 (1) 75 30 0.85 17.0 15.6 14.6 13.6 12.8 12.2 11.9 11.8 11.6 11.5 11.5 11.4 11.4 11.4 11.4 11.3 8.9 6.7 TP348HTP348H … S34809 18Cr–10Ni–Cb 8 (1) (9) 75 30 0.85 17.0 17.0 16.0 15.1 14.6 14.3 14.3 14.3 14.3 14.3 14.3 14.2 14.1 14.0 13.7 12.0 8.9 6.7 TP348H
A312 TPXM-15 … S38100 18Cr–18Ni–2Si 8 (1) 75 30 0.85 17.0 14.2 12.7 11.7 11.0 10.4 10.2 10.0 9.8 9.6 9.4 9.2 9.0 8.8 … … … … TPXM-15 A312
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Spec.
No.

Type or
Grade Class

UNS
Alloy
No.

Nominal
Composition

P-
No. Notes

Specified
Minimum
Tensile,
ksi

Specified
Minimum
Yield,
ksi

E
or
F

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding
Type
or

Grade
Spec.
No.100 200 300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200

Welded Pipe and Tube — Without Filler Metal: Austenitic Welded Pipe and Tube — Without Filler Metal: Austenitic (Cont’d)TP304 … S30400 18Cr–8Ni 8 (10) 75 30 0.85 17.0 14.2 12.7 11.7 11.0 10.4 10.2 10.0 9.8 9.6 9.4 9.2 9.0 8.8 8.6 8.3 6.6 5.2 TP304TP304 … S30400 18Cr–8Ni 8 (9) (10) 75 30 0.85 17.0 17.0 16.1 15.5 14.8 14.1 13.8 13.5 13.2 12.9 12.6 12.4 12.1 11.9 10.5 8.3 6.6 5.2 TP304TP304H … S30409 18Cr–8Ni 8 … 75 30 0.85 17.0 14.2 12.7 11.7 11.0 10.4 10.2 10.0 9.8 9.6 9.4 9.2 9.0 8.8 8.6 8.3 6.6 5.2 TP304HTP304H … S30409 18Cr–8Ni 8 (9) 75 30 0.85 17.0 17.0 16.1 15.5 14.8 14.1 13.8 13.5 13.2 12.9 12.6 12.4 12.1 11.9 10.5 8.3 6.6 5.2 TP304HA312 TP304L … S30403 18Cr–8Ni 8 (1) 70 25 0.85 14.2 12.1 10.9 9.9 9.3 8.8 8.6 8.5 8.3 8.2 … … … … … … … … TP304L A312TP304L … S30403 18Cr–8Ni 8 (1) (9) 70 25 0.85 14.2 14.2 14.2 13.4 12.5 11.9 11.7 11.4 11.3 11.1 … … … … … … … … TP304LTP304N … S30451 18Cr–8Ni–N 8 (10) 80 35 0.85 19.4 16.2 14.2 12.8 11.9 11.3 11.0 10.8 10.6 10.5 10.3 10.0 9.8 9.6 9.4 8.3 6.6 5.2 TP304NTP304N … S30451 18Cr–8Ni–N 8 (9) (10) 80 35 0.85 19.4 19.4 18.5 17.3 16.0 15.2 14.9 14.6 14.4 14.1 13.8 13.6 13.3 13.0 10.5 8.3 6.6 5.2 TP304NA312 … … S30815 21Cr–11Ni–N 8 (1) 87 45 0.85 21.2 21.0 18.7 16.9 15.7 15.0 14.8 14.6 14.5 14.3 14.1 13.9 13.8 12.7 9.9 7.7 5.9 4.4 … A312… … S30815 21Cr–11Ni–N 8 (1) (9) 87 45 0.85 21.2 21.0 19.8 19.0 18.5 18.2 18.0 17.9 17.7 17.5 17.3 17.0 16.2 12.7 9.9 7.7 5.9 4.4 …A312 TP309H … S30909 23Cr–12Ni 8 (9) 75 30 0.85 17.0 17.0 17.0 17.0 16.5 15.9 15.7 15.5 15.3 15.1 14.8 14.6 14.4 11.7 8.8 6.5 4.7 3.4 TP309H A312TP309H … S30909 23Cr–12Ni 8 … 75 30 0.85 17.0 14.9 13.7 12.8 12.2 11.8 11.6 11.5 11.3 11.2 11.0 10.8 10.6 10.4 8.8 6.5 4.7 3.4 TP309HTP310H … S31009 23Cr–20Ni 8 (9) 75 30 0.85 17.0 17.0 17.0 16.9 16.4 15.7 15.5 15.2 15.0 14.8 14.6 14.4 14.2 11.7 8.8 6.5 4.7 3.4 TP310HTP310H … S31009 23Cr–20Ni 8 … 75 30 0.85 17.0 15.0 13.7 12.8 12.1 11.7 11.5 11.3 11.1 11.0 10.8 10.7 10.5 10.3 8.8 6.5 4.7 3.4 TP310HA312 TP316 … S31600 16Cr–12Ni–2Mo 8 (10) 75 30 0.85 17.0 14.7 13.2 12.1 11.3 10.7 10.5 10.3 10.1 10.0 9.9 9.8 9.7 9.6 9.5 9.4 8.3 6.3 TP316 A312TP316 … S31600 16Cr–12Ni–2Mo 8 (9) (10) 75 30 0.85 17.0 17.0 17.0 16.4 15.3 14.5 14.1 13.9 13.7 13.5 13.4 13.2 13.1 13.0 12.9 10.5 8.3 6.3 TP316TP316H … S31609 16Cr–12Ni–2Mo 8 … 75 30 0.85 17.0 14.7 13.2 12.1 11.3 10.7 10.5 10.3 10.1 10.0 9.9 9.8 9.7 9.6 9.5 9.4 8.3 6.3 TP316HTP316H … S31609 16Cr–12Ni–2Mo 8 (9) 75 30 0.85 17.0 17.0 17.0 16.4 15.3 14.5 14.1 13.9 13.7 13.5 13.4 13.2 13.1 13.0 12.9 10.5 8.3 6.3 TP316HA312 TP316L … S31603 16Cr–12Ni–2Mo 8 (1) (29) 70 25 0.85 14.2 12.1 10.8 9.9 9.3 8.8 8.7 8.5 8.3 8.1 8.0 7.8 7.7 7.5 7.3 7.2 7.1 5.4 TP316L A312TP316L … S31603 16Cr–12Ni–2Mo 8 (1) (9) (29) 70 25 0.85 14.2 14.2 14.2 13.4 12.5 11.9 11.7 11.4 11.2 11.0 10.8 10.5 10.3 10.1 9.9 9.7 7.5 5.4 TP316LTP316N … S31651 16Cr–12Ni–2Mo–N 8 (10) 80 35 0.85 19.4 17.6 16.1 15.0 14.0 13.3 12.9 12.6 12.3 12.1 11.9 11.6 11.4 11.2 11.0 10.5 8.3 6.3 TP316NTP316N … S31651 16Cr–12Ni–2Mo–N 8 (9) (10) 80 35 0.85 19.4 19.4 18.7 18.2 18.1 17.9 17.4 17.0 16.7 16.3 16.0 15.7 15.4 15.1 13.4 10.5 8.3 6.3 TP316NTP317LMN … S31726 19Cr–15.5Ni–4Mo 8 (1) 80 35 0.85 19.4 17.0 15.2 13.8 13.0 12.4 … … … … … … … … … … … … TP317LMNTP317LMN … S31726 19Cr–15.5Ni–4Mo 8 (1) (9) 80 35 0.85 19.4 18.5 17.7 17.4 17.2 16.7 … … … … … … … … … … … … TP317LMNA312 TP317 … S31700 18Cr–13Ni–3Mo 8 (1) (10) 75 30 0.85 17.0 14.7 13.2 12.1 11.3 10.7 10.5 10.3 10.1 10.0 9.9 9.8 9.7 9.6 9.5 9.4 8.3 6.3 TP317 A312TP317 … S31700 18Cr–13Ni–3Mo 8 (1) (9) (10) 75 30 0.85 17.0 17.0 17.0 16.4 15.3 14.5 14.1 13.9 13.7 13.5 13.4 13.2 13.1 13.0 12.9 10.5 8.3 6.3 TP317TP321 … S32100 18Cr–10Ni–Ti 8 (10) 75 30 0.85 17.0 15.3 14.1 13.0 12.2 11.5 11.2 11.0 10.8 10.7 10.5 10.4 10.3 10.2 8.2 5.9 4.3 3.1 TP321TP321 … S32100 18Cr–10Ni–Ti 8 (9) (10) 75 30 0.85 17.0 17.0 16.2 15.9 15.9 15.5 15.2 14.9 14.6 14.4 14.2 14.1 13.9 13.8 8.2 5.9 4.3 3.1 TP321TP321H … S32109 18Cr–10Ni–Ti 8 … 75 30 0.85 17.0 15.3 14.1 13.0 12.2 11.5 11.2 11.0 10.8 10.7 10.5 10.4 10.3 10.2 10.1 7.7 5.9 4.6 TP321HTP321H … S32109 18Cr–10Ni–Ti 8 (9) 75 30 0.85 17.0 17.0 16.2 15.9 15.9 15.5 15.2 14.9 14.6 14.4 14.2 14.1 13.9 13.8 10.5 7.7 5.9 4.6 TP321H
A312 TP347 … S34700 18Cr–10Ni–Cb 8 (10) 75 30 0.85 17.0 15.6 14.6 13.6 12.8 12.2 11.9 11.8 11.6 11.5 11.5 11.4 11.4 11.4 10.3 7.8 5.2 3.8 TP347 A312TP347 … S34700 18Cr–10Ni–Cb 8 (9) (10) 75 30 0.85 17.0 17.0 16.0 15.1 14.6 14.3 14.3 14.3 14.3 14.3 14.3 14.2 14.1 13.6 10.3 7.8 5.2 3.8 TP347TP347H … S34709 18Cr–10Ni–Cb 8 … 75 30 0.85 17.0 15.6 14.6 13.6 12.8 12.2 11.9 11.8 11.6 11.5 11.5 11.4 11.4 11.4 11.4 11.3 8.9 6.7 TP347HTP347H … S34709 18Cr–10Ni–Cb 8 (9) 75 30 0.85 17.0 17.0 16.0 15.1 14.6 14.3 14.3 14.3 14.3 14.3 14.3 14.2 14.1 14.0 13.7 12.0 8.9 6.7 TP347HA312 TP348 … S34800 18Cr–10Ni–Cb 8 (1) (10) 75 30 0.85 17.0 15.6 14.6 13.6 12.8 12.2 11.9 11.8 11.6 11.5 11.5 11.4 11.4 11.4 10.3 7.8 5.2 3.8 TP348 A312TP348 … S34800 18Cr–10Ni–Cb 8 (1) (9) (10) 75 30 0.85 17.0 17.0 16.0 15.1 14.6 14.3 14.3 14.3 14.3 14.3 14.3 14.2 14.1 13.6 10.3 7.8 5.2 3.8 TP348TP348H … S34809 18Cr–10Ni–Cb 8 (1) 75 30 0.85 17.0 15.6 14.6 13.6 12.8 12.2 11.9 11.8 11.6 11.5 11.5 11.4 11.4 11.4 11.4 11.3 8.9 6.7 TP348HTP348H … S34809 18Cr–10Ni–Cb 8 (1) (9) 75 30 0.85 17.0 17.0 16.0 15.1 14.6 14.3 14.3 14.3 14.3 14.3 14.3 14.2 14.1 14.0 13.7 12.0 8.9 6.7 TP348H
A312 TPXM-15 … S38100 18Cr–18Ni–2Si 8 (1) 75 30 0.85 17.0 14.2 12.7 11.7 11.0 10.4 10.2 10.0 9.8 9.6 9.4 9.2 9.0 8.8 … … … … TPXM-15 A312
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Spec.
No.

Type or
Grade Class

UNS
Alloy
No.

Nominal
Composition

P-
No. Notes

Specified
Minimum
Tensile,
ksi

Specified
Minimum
Yield,
ksi

E
or
F

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding
Type
or

Grade
Spec.
No.100 200 300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200

Welded Pipe and Tube — Without Filler Metal: Austenitic   (Cont’d) Welded Pipe and Tube — Without Filler Metal: Austenitic (Cont’d)TPXM-15 … S38100 18Cr–18Ni–2Si 8 (1) (9) 75 30 0.85 17.0 17.0 16.1 15.5 14.8 14.1 13.8 13.5 13.2 12.9 12.6 12.4 12.1 11.9 … … … … TPXM-15… … S31254 20Cr–18Ni–6Mo 8 (1) 95 45 0.85 23.0 20.8 18.6 17.2 16.2 15.6 15.3 15.1 15.0 … … … … … … … … … …… … S31254 20Cr–18Ni–6Mo 8 (1) (9) 95 45 0.85 23.0 23.0 21.9 20.9 20.1 19.7 19.6 19.6 19.5 … … … … … … … … … …
A409 … … S30815 21Cr–11Ni–N 8 (1) 87 45 0.85 21.2 21.0 18.7 16.9 15.7 15.0 14.8 14.6 14.5 14.3 14.1 13.9 13.8 12.7 9.9 7.7 5.9 4.4 … A409… … S30815 21Cr–11Ni–N 8 (1) (9) 87 45 0.85 21.2 21.0 19.8 19.0 18.5 18.2 18.0 17.9 17.7 17.5 17.3 17.0 16.2 12.7 9.9 7.7 5.9 4.4 …
Welded Pipe and Tube — Without Filler Metal: Ferritic/Martensitic Welded Pipe and Tube — Without Filler Metal: Ferritic/MartensiticA268 TP405 … S40500 12Cr–Al 7 … 60 30 0.85 14.6 14.6 14.3 14.0 13.8 13.5 13.2 12.9 … … … … … … … … … … TP405 A268TP410 … S41000 13Cr 6 … 60 30 0.85 14.6 14.6 14.3 14.0 13.8 13.5 13.2 12.9 … … … … … … … … … … TP410TP429 … S42900 15Cr 6 … 60 35 0.85 14.6 14.6 14.3 14.0 13.8 13.5 13.2 12.9 … … … … … … … … … … TP429TP430 … S43000 17Cr 7 … 60 35 0.85 14.6 14.6 14.3 14.0 13.8 13.5 13.2 12.9 … … … … … … … … … … TP430TP446-1 … S44600 27Cr 10I (1) 70 40 0.85 17.0 17.0 16.4 16.0 15.6 15.2 15.0 14.7 … … … … … … … … … … TP446-1TPXM-27 … S44627 26Cr–1Mo 10I (1) (2) 65 40 0.85 15.8 15.8 15.5 15.4 15.4 15.4 15.4 … … … … … … … … … … … TPXM-27TPXM-33 … S44626 27Cr–1Mo–Ti 10I (2) 68 45 0.85 16.5 16.5 16.4 16.2 16.0 15.7 15.4 … … … … … … … … … … … TPXM-33
Welded Pipe and Tube — Without Filler Metal: Ferritic/Austenitic Welded Pipe and Tube — Without Filler Metal: Ferritic/AusteniticA789 S31803 … S31803 22Cr–5.5Ni–3Mo–N 10H (1) (23) (24) 90 65 0.85 21.9 21.9 21.1 20.3 19.8 19.6 … … … … … … … … … … … … S31803 A789S32101 … S32101 21Cr–5Mn–1.5Ni–Cu–N 10H (1) (23) (24) 94 65 0.85 22.8 22.8 21.7 21.0 21.0 21.0 … … … … … … … … … … … … S321012205 … S32205 22Cr–5.5Ni–3Mo–N 10H (1) (23) (24) 95 70 0.85 23.1 23.1 22.3 21.4 20.9 20.7 … … … … … … … … … … … … 2205S32003 … S32003 21Cr–3.5Ni–1.75Mo–N 10H (1) (23) (24) 100 70 0.85 24.3 23.6 22.1 21.9 21.9 21.9 21.9 … … … … … … … … … … … S32003S32101 … S32101 21Cr–5Mn–1.5Ni–Cu–N 10H (1) (23) (24) 101 77 0.85 24.5 24.5 23.4 22.6 22.6 22.6 … … … … … … … … … … … … S32101… … S32550 25.5Cr–5.5Ni–3.5Mo–2Cu 10H (1) (25) (26) 110 80 0.85 26.7 26.6 25.1 24.3 24.0 … … … … … … … … … … … … … S32550S32750 … S32750 25Cr–7Ni–4Mo–N 10H (1) (23) (24) 116 80 0.85 28.2 28.0 26.5 25.6 25.2 25.0 … … … … … … … … … … … … S32750
A790 S31803 … S31803 22Cr–5.5Ni–3Mo–N 10H (1) (23) (24) 90 65 0.85 21.9 21.9 21.1 20.3 19.8 19.6 … … … … … … … … … … … … S31803 A790S32101 … S32101 21Cr–5Mn–1.5Ni–Cu–N 10H (1) (23) (24) 94 65 0.85 22.8 22.8 21.7 21.0 21.0 21.0 … … … … … … … … … … … … S32101S32003 … S32003 21Cr–3.5Ni–1.75Mo–N 10H (1) (23) (24) 95 65 0.85 23.1 22.4 21.0 20.8 20.8 20.8 20.8 … … … … … … … … … … … S320032205 … S32205 22Cr–5.5Ni–3Mo–N 10H (1) (23) (24) 95 65 0.85 23.1 23.1 22.3 21.4 20.9 20.7 … … … … … … … … … … … … 2205S32101 … S32101 21Cr–5Mn–1.5Ni–Cu–N 10H (1) (23) (24) 101 77 0.85 24.5 24.5 23.4 22.6 22.6 22.6 … … … … … … … … … … … … S32101… … S32550 25.5Cr–5.5Ni–3.5Mo–2Cu 10H (1) (25) (26) 110 80 0.85 26.7 26.6 25.1 24.3 24.0 … … … … … … … … … … … … … S32550S32750 … S32750 25Cr–7Ni–4Mo–N 10H (1) (22) (23) 116 80 0.85 28.2 28.0 26.5 25.6 25.2 25.0 … … … … … … … … … … … … S32750
Welded Pipe — Filler Metal Added: Austenitic Welded Pipe — Filler Metal Added: AusteniticA358 304 1 & 3 S30400 18Cr–8Ni 8 (1) (10) (11) 75 30 1.00 20.0 16.7 15.0 13.8 12.9 12.3 12.0 11.7 11.5 11.2 11.0 10.8 10.6 10.4 10.1 9.8 7.7 6.1 304 A358304 2 S30400 18Cr–8Ni 8 (1) (10) (11) 75 30 0.90 18.0 15.0 13.5 12.4 11.6 11.1 10.8 10.6 10.3 10.1 9.9 9.7 9.5 9.3 9.1 8.8 7.0 5.5 304304 1 & 3 S30400 18Cr–8Ni 8 (1) (9) (10) (11) 75 30 1.00 20.0 20.0 18.9 18.3 17.5 16.6 16.2 15.8 15.5 15.2 14.9 14.6 14.3 14.0 12.4 9.8 7.7 6.1 304304 2 S30400 18Cr–8Ni 8 (1) (9) (10) (11) 75 30 0.90 16.2 16.2 15.3 14.8 14.1 13.4 13.1 12.8 12.6 12.3 12.0 11.8 11.6 11.3 10.0 7.9 6.3 4.9 304
A358 304L 1 & 3 S30403 18Cr–8Ni 8 (1) 70 25 1.00 16.7 14.3 12.8 11.7 10.9 10.4 10.2 10.0 9.8 9.7 … … … … … … … … 304L A358304L 2 S30403 18Cr–8Ni 8 (1) 70 25 0.90 15.0 12.8 11.5 10.5 9.8 9.3 9.1 9.0 8.8 8.7 … … … … … … … … 304L304L 1 & 3 S30403 18Cr–8Ni 8 (1) (9) 70 25 1.00 16.7 16.7 16.7 15.8 14.7 14.0 13.7 13.5 13.3 13.0 … … … … … … … … 304L304L 2 S30403 18Cr–8Ni 8 (1) (9) 70 25 0.90 15.0 15.0 15.0 14.2 13.3 12.6 12.3 12.1 11.9 11.7 … … … … … … … … 304L
A358 304N 1 & 3 S30451 18Cr–8Ni–N 8 (1) (10) 80 35 1.00 22.9 19.1 16.7 15.1 14.0 13.3 13.0 12.8 12.5 12.3 12.1 11.8 11.6 11.3 11.0 9.8 7.7 6.1 304N A358304N 2 S30451 18Cr–8Ni–N 8 (1) (10) 80 35 0.90 20.6 17.2 15.0 13.5 12.6 11.9 11.7 11.5 11.3 11.1 10.9 10.6 10.4 10.2 9.9 8.8 7.0 5.5 304N
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Spec.
No.

Type or
Grade Class

UNS
Alloy
No.

Nominal
Composition

P-
No. Notes

Specified
Minimum
Tensile,
ksi

Specified
Minimum
Yield,
ksi

E
or
F

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding
Type
or

Grade
Spec.
No.100 200 300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200

Welded Pipe and Tube — Without Filler Metal: Austenitic Welded Pipe and Tube — Without Filler Metal: Austenitic (Cont’d)TPXM-15 … S38100 18Cr–18Ni–2Si 8 (1) (9) 75 30 0.85 17.0 17.0 16.1 15.5 14.8 14.1 13.8 13.5 13.2 12.9 12.6 12.4 12.1 11.9 … … … … TPXM-15… … S31254 20Cr–18Ni–6Mo 8 (1) 95 45 0.85 23.0 20.8 18.6 17.2 16.2 15.6 15.3 15.1 15.0 … … … … … … … … … …… … S31254 20Cr–18Ni–6Mo 8 (1) (9) 95 45 0.85 23.0 23.0 21.9 20.9 20.1 19.7 19.6 19.6 19.5 … … … … … … … … … …
A409 … … S30815 21Cr–11Ni–N 8 (1) 87 45 0.85 21.2 21.0 18.7 16.9 15.7 15.0 14.8 14.6 14.5 14.3 14.1 13.9 13.8 12.7 9.9 7.7 5.9 4.4 … A409… … S30815 21Cr–11Ni–N 8 (1) (9) 87 45 0.85 21.2 21.0 19.8 19.0 18.5 18.2 18.0 17.9 17.7 17.5 17.3 17.0 16.2 12.7 9.9 7.7 5.9 4.4 …
Welded Pipe and Tube — Without Filler Metal: Ferritic/Martensitic Welded Pipe and Tube — Without Filler Metal: Ferritic/MartensiticA268 TP405 … S40500 12Cr–Al 7 … 60 30 0.85 14.6 14.6 14.3 14.0 13.8 13.5 13.2 12.9 … … … … … … … … … … TP405 A268TP410 … S41000 13Cr 6 … 60 30 0.85 14.6 14.6 14.3 14.0 13.8 13.5 13.2 12.9 … … … … … … … … … … TP410TP429 … S42900 15Cr 6 … 60 35 0.85 14.6 14.6 14.3 14.0 13.8 13.5 13.2 12.9 … … … … … … … … … … TP429TP430 … S43000 17Cr 7 … 60 35 0.85 14.6 14.6 14.3 14.0 13.8 13.5 13.2 12.9 … … … … … … … … … … TP430TP446-1 … S44600 27Cr 10I (1) 70 40 0.85 17.0 17.0 16.4 16.0 15.6 15.2 15.0 14.7 … … … … … … … … … … TP446-1TPXM-27 … S44627 26Cr–1Mo 10I (1) (2) 65 40 0.85 15.8 15.8 15.5 15.4 15.4 15.4 15.4 … … … … … … … … … … … TPXM-27TPXM-33 … S44626 27Cr–1Mo–Ti 10I (2) 68 45 0.85 16.5 16.5 16.4 16.2 16.0 15.7 15.4 … … … … … … … … … … … TPXM-33
Welded Pipe and Tube — Without Filler Metal: Ferritic/Austenitic Welded Pipe and Tube — Without Filler Metal: Ferritic/AusteniticA789 S31803 … S31803 22Cr–5.5Ni–3Mo–N 10H (1) (23) (24) 90 65 0.85 21.9 21.9 21.1 20.3 19.8 19.6 … … … … … … … … … … … … S31803 A789S32101 … S32101 21Cr–5Mn–1.5Ni–Cu–N 10H (1) (23) (24) 94 65 0.85 22.8 22.8 21.7 21.0 21.0 21.0 … … … … … … … … … … … … S321012205 … S32205 22Cr–5.5Ni–3Mo–N 10H (1) (23) (24) 95 70 0.85 23.1 23.1 22.3 21.4 20.9 20.7 … … … … … … … … … … … … 2205S32003 … S32003 21Cr–3.5Ni–1.75Mo–N 10H (1) (23) (24) 100 70 0.85 24.3 23.6 22.1 21.9 21.9 21.9 21.9 … … … … … … … … … … … S32003S32101 … S32101 21Cr–5Mn–1.5Ni–Cu–N 10H (1) (23) (24) 101 77 0.85 24.5 24.5 23.4 22.6 22.6 22.6 … … … … … … … … … … … … S32101… … S32550 25.5Cr–5.5Ni–3.5Mo–2Cu 10H (1) (25) (26) 110 80 0.85 26.7 26.6 25.1 24.3 24.0 … … … … … … … … … … … … … S32550S32750 … S32750 25Cr–7Ni–4Mo–N 10H (1) (23) (24) 116 80 0.85 28.2 28.0 26.5 25.6 25.2 25.0 … … … … … … … … … … … … S32750
A790 S31803 … S31803 22Cr–5.5Ni–3Mo–N 10H (1) (23) (24) 90 65 0.85 21.9 21.9 21.1 20.3 19.8 19.6 … … … … … … … … … … … … S31803 A790S32101 … S32101 21Cr–5Mn–1.5Ni–Cu–N 10H (1) (23) (24) 94 65 0.85 22.8 22.8 21.7 21.0 21.0 21.0 … … … … … … … … … … … … S32101S32003 … S32003 21Cr–3.5Ni–1.75Mo–N 10H (1) (23) (24) 95 65 0.85 23.1 22.4 21.0 20.8 20.8 20.8 20.8 … … … … … … … … … … … S320032205 … S32205 22Cr–5.5Ni–3Mo–N 10H (1) (23) (24) 95 65 0.85 23.1 23.1 22.3 21.4 20.9 20.7 … … … … … … … … … … … … 2205S32101 … S32101 21Cr–5Mn–1.5Ni–Cu–N 10H (1) (23) (24) 101 77 0.85 24.5 24.5 23.4 22.6 22.6 22.6 … … … … … … … … … … … … S32101… … S32550 25.5Cr–5.5Ni–3.5Mo–2Cu 10H (1) (25) (26) 110 80 0.85 26.7 26.6 25.1 24.3 24.0 … … … … … … … … … … … … … S32550S32750 … S32750 25Cr–7Ni–4Mo–N 10H (1) (22) (23) 116 80 0.85 28.2 28.0 26.5 25.6 25.2 25.0 … … … … … … … … … … … … S32750
Welded Pipe — Filler Metal Added: Austenitic Welded Pipe — Filler Metal Added: AusteniticA358 304 1 & 3 S30400 18Cr–8Ni 8 (1) (10) (11) 75 30 1.00 20.0 16.7 15.0 13.8 12.9 12.3 12.0 11.7 11.5 11.2 11.0 10.8 10.6 10.4 10.1 9.8 7.7 6.1 304 A358304 2 S30400 18Cr–8Ni 8 (1) (10) (11) 75 30 0.90 18.0 15.0 13.5 12.4 11.6 11.1 10.8 10.6 10.3 10.1 9.9 9.7 9.5 9.3 9.1 8.8 7.0 5.5 304304 1 & 3 S30400 18Cr–8Ni 8 (1) (9) (10) (11) 75 30 1.00 20.0 20.0 18.9 18.3 17.5 16.6 16.2 15.8 15.5 15.2 14.9 14.6 14.3 14.0 12.4 9.8 7.7 6.1 304304 2 S30400 18Cr–8Ni 8 (1) (9) (10) (11) 75 30 0.90 16.2 16.2 15.3 14.8 14.1 13.4 13.1 12.8 12.6 12.3 12.0 11.8 11.6 11.3 10.0 7.9 6.3 4.9 304
A358 304L 1 & 3 S30403 18Cr–8Ni 8 (1) 70 25 1.00 16.7 14.3 12.8 11.7 10.9 10.4 10.2 10.0 9.8 9.7 … … … … … … … … 304L A358304L 2 S30403 18Cr–8Ni 8 (1) 70 25 0.90 15.0 12.8 11.5 10.5 9.8 9.3 9.1 9.0 8.8 8.7 … … … … … … … … 304L304L 1 & 3 S30403 18Cr–8Ni 8 (1) (9) 70 25 1.00 16.7 16.7 16.7 15.8 14.7 14.0 13.7 13.5 13.3 13.0 … … … … … … … … 304L304L 2 S30403 18Cr–8Ni 8 (1) (9) 70 25 0.90 15.0 15.0 15.0 14.2 13.3 12.6 12.3 12.1 11.9 11.7 … … … … … … … … 304L
A358 304N 1 & 3 S30451 18Cr–8Ni–N 8 (1) (10) 80 35 1.00 22.9 19.1 16.7 15.1 14.0 13.3 13.0 12.8 12.5 12.3 12.1 11.8 11.6 11.3 11.0 9.8 7.7 6.1 304N A358304N 2 S30451 18Cr–8Ni–N 8 (1) (10) 80 35 0.90 20.6 17.2 15.0 13.5 12.6 11.9 11.7 11.5 11.3 11.1 10.9 10.6 10.4 10.2 9.9 8.8 7.0 5.5 304N
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Spec.
No.

Type or
Grade Class

UNS
Alloy
No.

Nominal
Composition

P-
No. Notes

Specified
Minimum
Tensile,
ksi

Specified
Minimum
Yield,
ksi

E
or
F

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding
Type
or

Grade
Spec.
No.100 200 300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200

Welded Pipe — Filler Metal Added: Austenitic   (Cont’d) Welded Pipe — Filler Metal Added: Austenitic (Cont’d)304N 1 & 3 S30451 18Cr–8Ni–N 8 (1) (9) (10) 80 35 1.00 22.9 22.9 21.7 20.3 18.9 17.9 17.5 17.2 16.9 16.6 16.3 16.0 15.6 15.2 12.4 9.8 7.7 6.1 304N304N 2 S30451 18Cr–8Ni–N 8 (1) (9) (10) 80 35 0.90 20.6 20.6 19.6 18.3 17.0 16.1 15.8 15.5 15.2 14.9 14.7 14.4 14.0 13.7 11.2 8.8 7.0 5.5 304N
A358 … 1 & 3 S30815 21Cr–11Ni–N 8 (1) 87 45 1.00 24.9 24.7 22.0 19.9 18.5 17.7 17.4 17.2 17.0 16.8 16.6 16.4 16.2 14.9 11.6 9.0 6.9 5.2 … A358… 2 S30815 21Cr–11Ni–N 8 (1) 87 45 0.90 22.4 22.2 21.0 20.2 19.6 19.3 19.1 18.9 18.7 18.5 18.3 18.0 17.2 13.4 10.4 8.1 6.2 4.7 …… 1 & 3 S30815 21Cr–11Ni–N 8 (1) (9) 87 45 1.00 24.9 24.7 22.0 19.9 18.5 17.7 17.4 17.2 17.0 16.8 16.6 16.4 16.2 14.9 11.6 9.0 6.9 5.2 …… 2 S30815 21Cr–11Ni–N 8 (1) (9) 87 45 0.90 22.4 22.2 21.0 20.2 19.6 19.3 19.1 18.9 18.7 18.5 18.3 18.0 17.2 13.4 10.4 8.1 6.2 4.7 …
A358 309 1 & 3 S30900 23Cr–12Ni 8 (1) (10) 75 30 1.00 20.0 17.5 16.1 15.1 14.4 13.9 13.7 13.5 13.3 13.1 12.9 12.7 12.5 9.9 7.1 5.0 3.6 2.5 309 A358309 2 S30900 23Cr–12Ni 8 (1) (10) 75 30 0.90 18.0 15.8 14.5 13.6 13.0 12.5 12.3 12.1 12.0 11.8 11.6 11.5 11.3 8.9 6.4 4.5 3.2 2.3 309309 1 & 3 S30900 23Cr–12Ni 8 (1) (9) (10) 75 30 1.00 20.0 20.0 20.0 20.0 19.4 18.8 18.5 18.2 18.0 17.7 17.5 17.2 15.9 9.9 7.1 5.0 3.6 2.5 309309 2 S30900 23Cr–12Ni 8 (1) (9) (10) 75 30 0.90 18.0 18.0 18.0 18.0 17.5 16.9 16.6 16.4 16.2 15.9 15.7 15.5 14.3 8.9 6.4 4.5 3.2 2.3 309
A358 310 1 & 3 S31000 25Cr–20Ni 8 (1) (10) (14) 75 30 1.00 20.0 17.6 16.1 15.1 14.3 13.7 13.5 13.3 13.1 12.9 12.7 12.5 12.3 9.9 7.1 5.0 3.6 2.5 310 A358310 2 S31000 25Cr–20Ni 8 (1) (10) (14) 75 30 0.90 18.0 15.9 14.5 13.6 12.9 12.4 12.1 12.0 11.8 11.6 11.5 11.3 11.1 8.9 6.4 4.5 3.2 2.3 310310 1 & 3 S31000 25Cr–20Ni 8 (1) (9) (10) (14) 75 30 1.00 20.0 20.0 20.0 19.9 19.3 18.5 18.2 17.9 17.7 17.4 17.2 16.9 15.9 9.9 7.1 5.0 3.6 2.5 310310 2 S31000 25Cr–20Ni 8 (1) (9) (10) (14) 75 30 0.90 18.0 18.0 18.0 17.9 17.4 16.7 16.4 16.1 15.9 15.7 15.5 15.2 14.3 8.9 6.4 4.5 3.2 2.3 310
A358 310 1 & 3 S31000 25Cr–20Ni 8 (1) (10) (15) 75 30 1.00 20.0 17.6 16.1 15.1 14.3 13.7 13.5 13.3 13.1 12.9 12.7 12.5 12.3 9.9 7.1 5.0 3.6 2.5 310 A358310 2 S31000 25Cr–20Ni 8 (1) (10) (15) 75 30 0.90 18.0 15.9 14.5 13.6 12.9 12.4 12.1 12.0 11.8 11.6 11.5 11.3 11.1 8.9 6.4 4.5 3.2 2.3 310310 1 & 3 S31000 25Cr–20Ni 8 (1) (9) (10) (15) 75 30 1.00 20.0 20.0 20.0 19.9 19.3 18.5 18.2 17.9 17.7 17.4 17.2 16.9 15.9 9.9 7.1 5.0 3.6 2.5 310310 2 S31000 25Cr–20Ni 8 (1) (9) (10) (15) 75 30 0.90 18.0 18.0 18.0 17.9 17.4 16.7 16.4 16.1 15.9 15.7 15.5 15.2 14.3 8.9 6.4 4.5 3.2 2.3 310
A358 316 1 & 3 S31600 16Cr–12Ni–2Mo 8 (1) (10) (11) 75 30 1.00 20.0 17.3 15.6 14.3 13.3 12.6 12.3 12.1 11.9 11.8 11.6 11.5 11.4 11.3 11.2 11.1 9.8 7.4 316 A358316 2 S31600 16Cr–12Ni–2Mo 8 (1) (10) (11) 75 30 0.90 18.0 15.5 14.0 12.9 12.0 11.3 11.1 10.9 10.7 10.6 10.5 10.4 10.3 10.2 10.1 9.9 8.8 6.7 316316 1 & 3 S31600 16Cr–12Ni–2Mo 8 (1) (9) (10) (11) 75 30 1.00 20.0 20.0 20.0 19.3 18.0 17.0 16.6 16.3 16.1 15.9 15.7 15.6 15.4 15.3 15.1 12.4 9.8 7.4 316316 2 S31600 16Cr–12Ni–2Mo 8 (1) (9) (10) (11) 75 30 0.90 18.0 18.0 18.0 17.4 16.2 15.3 15.0 14.7 14.5 14.3 14.1 14.0 13.9 13.8 13.6 11.2 8.8 6.7 316
A358 316L 1 & 3 S31603 16Cr–12Ni–2Mo 8 (1) (29) 70 25 1.00 16.7 14.2 12.7 11.7 10.9 10.4 10.2 10.0 9.8 9.6 9.4 9.2 9.0 8.8 8.6 8.4 8.3 6.4 316L A358316L 2 S31603 16Cr–12Ni–2Mo 8 (1) (29) 70 25 0.90 15.0 12.8 11.4 10.5 9.8 9.4 9.2 9.0 8.8 8.6 8.4 8.3 8.1 7.9 7.7 7.6 7.5 5.8 316L316L 1 & 3 S31603 16Cr–12Ni–2Mo 8 (1) (9) (29) 70 25 1.00 16.7 16.7 16.7 15.7 14.8 14.0 13.7 13.5 13.2 12.9 12.7 12.4 12.1 11.9 11.6 11.4 8.8 6.4 316L316L 2 S31603 16Cr–12Ni–2Mo 8 (1) (9) (29) 70 25 0.90 15.0 15.0 15.0 14.2 13.3 12.6 12.4 12.1 11.9 11.6 11.4 11.2 10.9 10.7 10.4 10.3 7.9 5.8 316L
A358 316N 1 & 3 S31651 16Cr–12Ni–2Mo–N 8 (1) (10) 80 35 1.00 22.9 20.7 19.0 17.6 16.5 15.6 15.2 14.9 14.5 14.2 13.9 13.7 13.4 13.2 12.9 12.3 9.8 7.4 316N A358316N 2 S31651 16Cr–12Ni–2Mo–N 8 (1) (10) 80 35 0.90 20.6 18.6 17.1 15.8 14.8 14.0 13.7 13.4 13.1 12.8 12.6 12.3 12.1 11.9 11.6 11.1 8.8 6.7 316N316N 1 & 3 S31651 16Cr–12Ni–2Mo–N 8 (1) (9) (10) 80 35 1.00 22.9 22.9 22.0 21.5 21.2 21.0 20.5 20.0 19.6 19.2 18.8 18.5 18.1 17.8 15.8 12.3 9.8 7.4 316N316N 2 S31651 16Cr–12Ni–2Mo–N 8 (1) (9) (10) 80 35 0.90 20.6 20.6 19.8 19.3 19.1 18.9 18.5 18.0 17.7 17.3 16.9 16.6 16.3 16.0 14.2 11.1 8.8 6.7 316N
A358 321 1 & 3 S32100 18Cr–10Ni–Ti 8 (1) (10) (11) 75 30 1.00 20.0 18.0 16.5 15.3 14.3 13.5 13.2 13.0 12.7 12.6 12.4 12.3 12.1 12.0 9.6 6.9 5.0 3.6 321 A358321 2 S32100 18Cr–10Ni–Ti 8 (1) (10) (11) 75 30 0.90 18.0 16.2 14.9 13.8 12.9 12.2 11.9 11.7 11.5 11.3 11.2 11.0 10.9 10.8 8.6 6.2 4.5 3.2 321321 1 & 3 S32100 18Cr–10Ni–Ti 8 (1) (9) (10) (11) 75 30 1.00 20.0 20.0 19.1 18.7 18.7 18.3 17.9 17.5 17.2 16.9 16.7 16.5 16.4 16.2 9.6 6.9 5.0 3.6 321321 2 S32100 18Cr–10Ni–Ti 8 (1) (9) (10) (11) 75 30 0.90 18.0 18.0 17.2 16.8 16.8 16.5 16.1 15.8 15.5 15.3 15.1 14.9 14.7 14.6 8.6 6.2 4.5 3.2 321
A358 347 1 & 3 S34700 18Cr–10Ni–Cb 8 (1) (10) (11) 75 30 1.00 20.0 18.4 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 13.4 13.4 13.4 12.1 9.1 6.1 4.4 347 A358347 2 S34700 18Cr–10Ni–Cb 8 (1) (10) (11) 75 30 0.90 18.0 16.6 15.4 14.4 13.5 12.9 12.6 12.4 12.3 12.2 12.1 12.1 12.1 12.1 10.9 8.2 5.5 4.0 347
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Spec.
No.

Type or
Grade Class

UNS
Alloy
No.

Nominal
Composition

P-
No. Notes

Specified
Minimum
Tensile,
ksi

Specified
Minimum
Yield,
ksi

E
or
F

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding
Type
or

Grade
Spec.
No.100 200 300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200

Welded Pipe — Filler Metal Added: Austenitic Welded Pipe — Filler Metal Added: Austenitic (Cont’d)304N 1 & 3 S30451 18Cr–8Ni–N 8 (1) (9) (10) 80 35 1.00 22.9 22.9 21.7 20.3 18.9 17.9 17.5 17.2 16.9 16.6 16.3 16.0 15.6 15.2 12.4 9.8 7.7 6.1 304N304N 2 S30451 18Cr–8Ni–N 8 (1) (9) (10) 80 35 0.90 20.6 20.6 19.6 18.3 17.0 16.1 15.8 15.5 15.2 14.9 14.7 14.4 14.0 13.7 11.2 8.8 7.0 5.5 304N
A358 … 1 & 3 S30815 21Cr–11Ni–N 8 (1) 87 45 1.00 24.9 24.7 22.0 19.9 18.5 17.7 17.4 17.2 17.0 16.8 16.6 16.4 16.2 14.9 11.6 9.0 6.9 5.2 … A358… 2 S30815 21Cr–11Ni–N 8 (1) 87 45 0.90 22.4 22.2 21.0 20.2 19.6 19.3 19.1 18.9 18.7 18.5 18.3 18.0 17.2 13.4 10.4 8.1 6.2 4.7 …… 1 & 3 S30815 21Cr–11Ni–N 8 (1) (9) 87 45 1.00 24.9 24.7 22.0 19.9 18.5 17.7 17.4 17.2 17.0 16.8 16.6 16.4 16.2 14.9 11.6 9.0 6.9 5.2 …… 2 S30815 21Cr–11Ni–N 8 (1) (9) 87 45 0.90 22.4 22.2 21.0 20.2 19.6 19.3 19.1 18.9 18.7 18.5 18.3 18.0 17.2 13.4 10.4 8.1 6.2 4.7 …
A358 309 1 & 3 S30900 23Cr–12Ni 8 (1) (10) 75 30 1.00 20.0 17.5 16.1 15.1 14.4 13.9 13.7 13.5 13.3 13.1 12.9 12.7 12.5 9.9 7.1 5.0 3.6 2.5 309 A358309 2 S30900 23Cr–12Ni 8 (1) (10) 75 30 0.90 18.0 15.8 14.5 13.6 13.0 12.5 12.3 12.1 12.0 11.8 11.6 11.5 11.3 8.9 6.4 4.5 3.2 2.3 309309 1 & 3 S30900 23Cr–12Ni 8 (1) (9) (10) 75 30 1.00 20.0 20.0 20.0 20.0 19.4 18.8 18.5 18.2 18.0 17.7 17.5 17.2 15.9 9.9 7.1 5.0 3.6 2.5 309309 2 S30900 23Cr–12Ni 8 (1) (9) (10) 75 30 0.90 18.0 18.0 18.0 18.0 17.5 16.9 16.6 16.4 16.2 15.9 15.7 15.5 14.3 8.9 6.4 4.5 3.2 2.3 309
A358 310 1 & 3 S31000 25Cr–20Ni 8 (1) (10) (14) 75 30 1.00 20.0 17.6 16.1 15.1 14.3 13.7 13.5 13.3 13.1 12.9 12.7 12.5 12.3 9.9 7.1 5.0 3.6 2.5 310 A358310 2 S31000 25Cr–20Ni 8 (1) (10) (14) 75 30 0.90 18.0 15.9 14.5 13.6 12.9 12.4 12.1 12.0 11.8 11.6 11.5 11.3 11.1 8.9 6.4 4.5 3.2 2.3 310310 1 & 3 S31000 25Cr–20Ni 8 (1) (9) (10) (14) 75 30 1.00 20.0 20.0 20.0 19.9 19.3 18.5 18.2 17.9 17.7 17.4 17.2 16.9 15.9 9.9 7.1 5.0 3.6 2.5 310310 2 S31000 25Cr–20Ni 8 (1) (9) (10) (14) 75 30 0.90 18.0 18.0 18.0 17.9 17.4 16.7 16.4 16.1 15.9 15.7 15.5 15.2 14.3 8.9 6.4 4.5 3.2 2.3 310
A358 310 1 & 3 S31000 25Cr–20Ni 8 (1) (10) (15) 75 30 1.00 20.0 17.6 16.1 15.1 14.3 13.7 13.5 13.3 13.1 12.9 12.7 12.5 12.3 9.9 7.1 5.0 3.6 2.5 310 A358310 2 S31000 25Cr–20Ni 8 (1) (10) (15) 75 30 0.90 18.0 15.9 14.5 13.6 12.9 12.4 12.1 12.0 11.8 11.6 11.5 11.3 11.1 8.9 6.4 4.5 3.2 2.3 310310 1 & 3 S31000 25Cr–20Ni 8 (1) (9) (10) (15) 75 30 1.00 20.0 20.0 20.0 19.9 19.3 18.5 18.2 17.9 17.7 17.4 17.2 16.9 15.9 9.9 7.1 5.0 3.6 2.5 310310 2 S31000 25Cr–20Ni 8 (1) (9) (10) (15) 75 30 0.90 18.0 18.0 18.0 17.9 17.4 16.7 16.4 16.1 15.9 15.7 15.5 15.2 14.3 8.9 6.4 4.5 3.2 2.3 310
A358 316 1 & 3 S31600 16Cr–12Ni–2Mo 8 (1) (10) (11) 75 30 1.00 20.0 17.3 15.6 14.3 13.3 12.6 12.3 12.1 11.9 11.8 11.6 11.5 11.4 11.3 11.2 11.1 9.8 7.4 316 A358316 2 S31600 16Cr–12Ni–2Mo 8 (1) (10) (11) 75 30 0.90 18.0 15.5 14.0 12.9 12.0 11.3 11.1 10.9 10.7 10.6 10.5 10.4 10.3 10.2 10.1 9.9 8.8 6.7 316316 1 & 3 S31600 16Cr–12Ni–2Mo 8 (1) (9) (10) (11) 75 30 1.00 20.0 20.0 20.0 19.3 18.0 17.0 16.6 16.3 16.1 15.9 15.7 15.6 15.4 15.3 15.1 12.4 9.8 7.4 316316 2 S31600 16Cr–12Ni–2Mo 8 (1) (9) (10) (11) 75 30 0.90 18.0 18.0 18.0 17.4 16.2 15.3 15.0 14.7 14.5 14.3 14.1 14.0 13.9 13.8 13.6 11.2 8.8 6.7 316
A358 316L 1 & 3 S31603 16Cr–12Ni–2Mo 8 (1) (29) 70 25 1.00 16.7 14.2 12.7 11.7 10.9 10.4 10.2 10.0 9.8 9.6 9.4 9.2 9.0 8.8 8.6 8.4 8.3 6.4 316L A358316L 2 S31603 16Cr–12Ni–2Mo 8 (1) (29) 70 25 0.90 15.0 12.8 11.4 10.5 9.8 9.4 9.2 9.0 8.8 8.6 8.4 8.3 8.1 7.9 7.7 7.6 7.5 5.8 316L316L 1 & 3 S31603 16Cr–12Ni–2Mo 8 (1) (9) (29) 70 25 1.00 16.7 16.7 16.7 15.7 14.8 14.0 13.7 13.5 13.2 12.9 12.7 12.4 12.1 11.9 11.6 11.4 8.8 6.4 316L316L 2 S31603 16Cr–12Ni–2Mo 8 (1) (9) (29) 70 25 0.90 15.0 15.0 15.0 14.2 13.3 12.6 12.4 12.1 11.9 11.6 11.4 11.2 10.9 10.7 10.4 10.3 7.9 5.8 316L
A358 316N 1 & 3 S31651 16Cr–12Ni–2Mo–N 8 (1) (10) 80 35 1.00 22.9 20.7 19.0 17.6 16.5 15.6 15.2 14.9 14.5 14.2 13.9 13.7 13.4 13.2 12.9 12.3 9.8 7.4 316N A358316N 2 S31651 16Cr–12Ni–2Mo–N 8 (1) (10) 80 35 0.90 20.6 18.6 17.1 15.8 14.8 14.0 13.7 13.4 13.1 12.8 12.6 12.3 12.1 11.9 11.6 11.1 8.8 6.7 316N316N 1 & 3 S31651 16Cr–12Ni–2Mo–N 8 (1) (9) (10) 80 35 1.00 22.9 22.9 22.0 21.5 21.2 21.0 20.5 20.0 19.6 19.2 18.8 18.5 18.1 17.8 15.8 12.3 9.8 7.4 316N316N 2 S31651 16Cr–12Ni–2Mo–N 8 (1) (9) (10) 80 35 0.90 20.6 20.6 19.8 19.3 19.1 18.9 18.5 18.0 17.7 17.3 16.9 16.6 16.3 16.0 14.2 11.1 8.8 6.7 316N
A358 321 1 & 3 S32100 18Cr–10Ni–Ti 8 (1) (10) (11) 75 30 1.00 20.0 18.0 16.5 15.3 14.3 13.5 13.2 13.0 12.7 12.6 12.4 12.3 12.1 12.0 9.6 6.9 5.0 3.6 321 A358321 2 S32100 18Cr–10Ni–Ti 8 (1) (10) (11) 75 30 0.90 18.0 16.2 14.9 13.8 12.9 12.2 11.9 11.7 11.5 11.3 11.2 11.0 10.9 10.8 8.6 6.2 4.5 3.2 321321 1 & 3 S32100 18Cr–10Ni–Ti 8 (1) (9) (10) (11) 75 30 1.00 20.0 20.0 19.1 18.7 18.7 18.3 17.9 17.5 17.2 16.9 16.7 16.5 16.4 16.2 9.6 6.9 5.0 3.6 321321 2 S32100 18Cr–10Ni–Ti 8 (1) (9) (10) (11) 75 30 0.90 18.0 18.0 17.2 16.8 16.8 16.5 16.1 15.8 15.5 15.3 15.1 14.9 14.7 14.6 8.6 6.2 4.5 3.2 321
A358 347 1 & 3 S34700 18Cr–10Ni–Cb 8 (1) (10) (11) 75 30 1.00 20.0 18.4 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 13.4 13.4 13.4 12.1 9.1 6.1 4.4 347 A358347 2 S34700 18Cr–10Ni–Cb 8 (1) (10) (11) 75 30 0.90 18.0 16.6 15.4 14.4 13.5 12.9 12.6 12.4 12.3 12.2 12.1 12.1 12.1 12.1 10.9 8.2 5.5 4.0 347
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Spec.
No.

Type or
Grade Class

UNS
Alloy
No.

Nominal
Composition

P-
No. Notes

Specified
Minimum
Tensile,
ksi

Specified
Minimum
Yield,
ksi

E
or
F

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding
Type
or

Grade
Spec.
No.100 200 300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200

Welded Pipe — Filler Metal Added: Austenitic   (Cont’d) Welded Pipe — Filler Metal Added: Austenitic (Cont’d)347 1 & 3 S34700 18Cr–10Ni–Cb 8 (1) (9) (10) (11) 75 30 1.00 20.0 20.0 18.8 17.8 17.2 16.9 16.8 16.8 16.8 16.8 16.8 16.7 16.6 16.0 12.1 9.1 6.1 4.4 347347 2 S34700 18Cr–10Ni–Cb 8 (1) (9) (10) (11) 75 30 0.90 18.0 18.0 16.9 16.0 15.4 15.2 15.1 15.1 15.1 15.1 15.1 15.0 14.9 14.4 10.9 8.2 5.5 4.0 347
A358 348 1 & 3 S34800 18Cr–10Ni–Cb 8 (1) (10) (11) 75 30 1.00 20.0 18.4 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 13.4 13.4 13.4 12.1 9.1 6.1 4.4 348 A358348 2 S34800 18Cr–10Ni–Cb 8 (1) (10) (11) 75 30 0.90 18.0 16.6 15.4 14.4 13.5 12.9 12.6 12.4 12.3 12.2 12.1 12.1 12.1 12.1 10.9 8.2 5.5 4.0 348348 1 & 3 S34800 18Cr–10Ni–Cb 8 (1) (9) (10) (11) 75 30 1.00 20.0 20.0 18.8 17.8 17.2 16.9 16.8 16.8 16.8 16.8 16.8 16.7 16.6 16.0 12.1 9.1 6.1 4.4 348348 2 S34800 18Cr–10Ni–Cb 8 (1) (9) (10) (11) 75 30 0.90 18.0 18.0 16.9 16.0 15.4 15.2 15.1 15.1 15.1 15.1 15.1 15.0 14.9 14.4 10.9 8.2 5.5 4.0 348
A358 … 1 & 3 S31254 20Cr–18Ni–6Mo 8 (1) 95 45 1.00 27.1 24.5 21.9 20.2 19.1 18.3 18.0 17.8 17.7 … … … … … … … … … … A358… 2 S31254 20Cr–18Ni–6Mo 8 (1) 95 45 0.90 24.4 22.1 19.7 18.2 17.2 16.5 16.2 16.0 15.9 … … … … … … … … … …… 1 & 3 S31254 20Cr–18Ni–6Mo 8 (1) (9) 95 45 1.00 27.1 27.1 25.8 24.6 23.7 23.2 23.1 23.0 22.9 … … … … … … … … … …… 2 S31254 20Cr–18Ni–6Mo 8 (1) (9) 95 45 0.90 24.4 24.4 23.2 22.1 21.3 20.9 20.8 20.7 20.6 … … … … … … … … … …
A358 … 1 & 3 S31254 20Cr–18Ni–6Mo 8 (1) 100 45 1.00 28.6 24.5 21.9 20.2 19.1 18.3 18.0 17.8 17.7 … … … … … … … … … … A358… 2 S31254 20Cr–18Ni–6Mo 8 (1) 100 45 0.90 25.7 22.1 19.7 18.2 17.2 16.5 16.2 16.0 15.9 … … … … … … … … … …… 1 & 3 S31254 20Cr–18Ni–6Mo 8 (1) (9) 100 45 1.00 28.6 28.6 27.2 25.9 25.0 24.4 24.3 24.1 23.9 … … … … … … … … … …… 2 S31254 20Cr–18Ni–6Mo 8 (1) (9) 100 45 0.90 25.7 25.7 24.5 23.3 22.5 22.0 21.9 21.7 21.5 … … … … … … … … … …
A409 TP304 … S30400 18Cr–8Ni 8 (1) (10) (19) 75 30 1.00 20.0 16.7 15.0 13.8 12.9 12.3 12.0 11.7 11.5 11.2 11.0 10.8 10.6 10.4 10.1 9.8 7.7 6.1 TP304 A409TP304 … S30400 18Cr–8Ni 8 (1) (10) (20) 75 30 0.90 18.0 15.0 13.5 12.4 11.6 11.1 10.8 10.6 10.3 10.1 9.9 9.7 9.5 9.3 9.1 8.8 7.0 5.5 TP304TP304 … S30400 18Cr–8Ni 8 (1) (10) (21) 75 30 0.80 16.0 13.3 12.0 11.0 10.4 9.8 9.6 9.4 9.2 9.0 8.8 8.6 8.5 8.3 8.1 7.8 6.2 4.9 TP304TP304 … S30400 18Cr–8Ni 8 (1) (9) (10) (19) 75 30 1.00 20.0 20.0 18.9 18.3 17.5 16.6 16.2 15.8 15.5 15.2 14.9 14.6 14.3 14.0 12.4 9.8 7.7 6.1 TP304TP304 … S30400 18Cr–8Ni 8 (1) (9) (10) (20) 75 30 0.90 18.0 18.0 17.0 16.5 15.7 14.9 14.6 14.3 13.9 13.7 13.4 13.1 12.8 12.6 11.2 8.8 7.0 5.5 TP304TP304 … S30400 18Cr–8Ni 8 (1) (9) (10) (21) 75 30 0.80 16.0 16.0 15.1 14.6 14.0 13.3 13.0 12.7 12.4 12.1 11.9 11.7 11.4 11.2 9.9 7.8 6.2 4.9 TP304
A409 TP304L … S30403 18Cr–8Ni 8 (1) (19) 70 25 1.00 16.7 14.3 12.8 11.7 10.9 10.4 10.2 10.0 9.8 9.7 … … … … … … … … TP304L A409TP304L … S30403 18Cr–8Ni 8 (1) (20) 70 25 0.90 15.0 12.8 11.5 10.5 9.8 9.3 9.1 9.0 8.8 8.7 … … … … … … … … TP304LTP304L … S30403 18Cr–8Ni 8 (1) (21) 70 25 0.80 13.3 11.4 10.2 9.4 8.7 8.3 8.1 8.0 7.9 7.7 … … … … … … … … TP304LTP304L … S30403 18Cr–8Ni 8 (1) (9) (19) 70 25 1.00 16.7 16.7 16.7 15.8 14.7 14.0 13.7 13.5 13.3 13.0 … … … … … … … … TP304LTP304L … S30403 18Cr–8Ni 8 (1) (9) (20) 70 25 0.90 15.0 15.0 15.0 14.2 13.3 12.6 12.3 12.1 11.9 11.7 … … … … … … … … TP304LTP304L … S30403 18Cr–8Ni 8 (1) (9) (21) 70 25 0.80 13.3 13.3 13.3 12.6 11.8 11.2 11.0 10.8 10.6 10.4 … … … … … … … … TP304L
A409 … … S30815 21Cr–11Ni–N 8 (1) (19) 87 45 1.00 24.9 24.7 22.0 19.9 18.5 17.7 17.4 17.2 17.0 16.8 16.6 16.4 16.2 14.9 11.6 9.0 6.9 5.2 … A409… … S30815 21Cr–11Ni–N 8 (1) (20) 87 45 0.90 22.4 22.2 19.8 17.9 16.7 15.9 15.7 15.5 15.3 15.1 14.9 14.8 14.6 13.4 10.4 8.1 6.2 4.7 …… … S30815 21Cr–11Ni–N 8 (1) (21) 87 45 0.80 19.9 19.8 17.6 15.9 14.8 14.2 13.9 13.8 13.6 13.4 13.3 13.1 13.0 11.9 9.3 7.2 5.5 4.2 …… … S30815 21Cr–11Ni–N 8 (1) (9) (19) 87 45 1.00 24.9 24.7 23.3 22.4 21.8 21.4 21.2 21.0 20.8 20.6 20.3 20.0 19.1 14.9 11.6 9.0 6.9 5.2 …… … S30815 21Cr–11Ni–N 8 (1) (9) (20) 87 45 0.90 22.4 22.2 21.0 20.2 19.6 19.3 19.1 18.9 18.7 18.5 18.3 18.0 17.2 13.4 10.4 8.1 6.2 4.7 …… … S30815 21Cr–11Ni–N 8 (1) (9) (21) 87 45 0.80 19.9 19.8 18.6 17.9 17.4 17.1 17.0 16.8 16.6 16.5 16.2 16.0 15.3 11.9 9.3 7.2 5.5 4.2 …A409 TP316 … S31600 16Cr–12Ni–2Mo 8 (1) (10) (19) 75 30 1.00 20.0 17.3 15.6 14.3 13.3 12.6 12.3 12.1 11.9 11.8 11.6 11.5 11.4 11.3 11.2 11.1 9.8 7.4 TP316 A409TP316 … S31600 16Cr–12Ni–2Mo 8 (1) (10) (20) 75 30 0.90 18.0 15.5 14.0 12.9 12.0 11.3 11.1 10.9 10.7 10.6 10.5 10.4 10.3 10.2 10.1 9.9 8.8 6.7 TP316TP316 … S31600 16Cr–12Ni–2Mo 8 (1) (10) (21) 75 30 0.80 16.0 13.8 12.5 11.4 10.6 10.1 9.9 9.7 9.5 9.4 9.3 9.2 9.1 9.1 9.0 8.8 7.8 5.9 TP316TP316 … S31600 16Cr–12Ni–2Mo 8 (1) (9) (10) (19) 75 30 1.00 20.0 20.0 20.0 19.3 18.0 17.0 16.6 16.3 16.1 15.9 15.7 15.6 15.4 15.3 15.1 12.4 9.8 7.4 TP316TP316 … S31600 16Cr–12Ni–2Mo 8 (1) (9) (10) (20) 75 30 0.90 18.0 18.0 18.0 17.4 16.2 15.3 15.0 14.7 14.5 14.3 14.1 14.0 13.9 13.8 13.6 11.2 8.8 6.7 TP316TP316 … S31600 16Cr–12Ni–2Mo 8 (1) (9) (10) (21) 75 30 0.80 16.0 16.0 16.0 15.4 14.4 13.6 13.3 13.1 12.9 12.7 12.6 12.5 12.3 12.2 12.1 9.9 7.8 5.9 TP316A409 TP316L … S31603 16Cr–12Ni–2Mo 8 (1) (19) (29) 70 25 1.00 16.7 14.2 12.7 11.7 10.9 10.4 10.2 10.0 9.8 9.6 9.4 9.2 9.0 8.8 8.6 8.4 8.3 6.4 TP316L A409TP316L … S31603 16Cr–12Ni–2Mo 8 (1) (20) (29) 70 25 0.90 15.0 12.8 11.4 10.5 9.8 9.4 9.2 9.0 8.8 8.6 8.4 8.3 8.1 7.9 7.7 7.6 7.5 5.8 TP316L
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Spec.
No.

Type or
Grade Class

UNS
Alloy
No.

Nominal
Composition

P-
No. Notes

Specified
Minimum
Tensile,
ksi

Specified
Minimum
Yield,
ksi

E
or
F

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding
Type
or

Grade
Spec.
No.100 200 300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200

Welded Pipe — Filler Metal Added: Austenitic Welded Pipe — Filler Metal Added: Austenitic (Cont’d)347 1 & 3 S34700 18Cr–10Ni–Cb 8 (1) (9) (10) (11) 75 30 1.00 20.0 20.0 18.8 17.8 17.2 16.9 16.8 16.8 16.8 16.8 16.8 16.7 16.6 16.0 12.1 9.1 6.1 4.4 347347 2 S34700 18Cr–10Ni–Cb 8 (1) (9) (10) (11) 75 30 0.90 18.0 18.0 16.9 16.0 15.4 15.2 15.1 15.1 15.1 15.1 15.1 15.0 14.9 14.4 10.9 8.2 5.5 4.0 347
A358 348 1 & 3 S34800 18Cr–10Ni–Cb 8 (1) (10) (11) 75 30 1.00 20.0 18.4 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 13.4 13.4 13.4 12.1 9.1 6.1 4.4 348 A358348 2 S34800 18Cr–10Ni–Cb 8 (1) (10) (11) 75 30 0.90 18.0 16.6 15.4 14.4 13.5 12.9 12.6 12.4 12.3 12.2 12.1 12.1 12.1 12.1 10.9 8.2 5.5 4.0 348348 1 & 3 S34800 18Cr–10Ni–Cb 8 (1) (9) (10) (11) 75 30 1.00 20.0 20.0 18.8 17.8 17.2 16.9 16.8 16.8 16.8 16.8 16.8 16.7 16.6 16.0 12.1 9.1 6.1 4.4 348348 2 S34800 18Cr–10Ni–Cb 8 (1) (9) (10) (11) 75 30 0.90 18.0 18.0 16.9 16.0 15.4 15.2 15.1 15.1 15.1 15.1 15.1 15.0 14.9 14.4 10.9 8.2 5.5 4.0 348
A358 … 1 & 3 S31254 20Cr–18Ni–6Mo 8 (1) 95 45 1.00 27.1 24.5 21.9 20.2 19.1 18.3 18.0 17.8 17.7 … … … … … … … … … … A358… 2 S31254 20Cr–18Ni–6Mo 8 (1) 95 45 0.90 24.4 22.1 19.7 18.2 17.2 16.5 16.2 16.0 15.9 … … … … … … … … … …… 1 & 3 S31254 20Cr–18Ni–6Mo 8 (1) (9) 95 45 1.00 27.1 27.1 25.8 24.6 23.7 23.2 23.1 23.0 22.9 … … … … … … … … … …… 2 S31254 20Cr–18Ni–6Mo 8 (1) (9) 95 45 0.90 24.4 24.4 23.2 22.1 21.3 20.9 20.8 20.7 20.6 … … … … … … … … … …
A358 … 1 & 3 S31254 20Cr–18Ni–6Mo 8 (1) 100 45 1.00 28.6 24.5 21.9 20.2 19.1 18.3 18.0 17.8 17.7 … … … … … … … … … … A358… 2 S31254 20Cr–18Ni–6Mo 8 (1) 100 45 0.90 25.7 22.1 19.7 18.2 17.2 16.5 16.2 16.0 15.9 … … … … … … … … … …… 1 & 3 S31254 20Cr–18Ni–6Mo 8 (1) (9) 100 45 1.00 28.6 28.6 27.2 25.9 25.0 24.4 24.3 24.1 23.9 … … … … … … … … … …… 2 S31254 20Cr–18Ni–6Mo 8 (1) (9) 100 45 0.90 25.7 25.7 24.5 23.3 22.5 22.0 21.9 21.7 21.5 … … … … … … … … … …
A409 TP304 … S30400 18Cr–8Ni 8 (1) (10) (19) 75 30 1.00 20.0 16.7 15.0 13.8 12.9 12.3 12.0 11.7 11.5 11.2 11.0 10.8 10.6 10.4 10.1 9.8 7.7 6.1 TP304 A409TP304 … S30400 18Cr–8Ni 8 (1) (10) (20) 75 30 0.90 18.0 15.0 13.5 12.4 11.6 11.1 10.8 10.6 10.3 10.1 9.9 9.7 9.5 9.3 9.1 8.8 7.0 5.5 TP304TP304 … S30400 18Cr–8Ni 8 (1) (10) (21) 75 30 0.80 16.0 13.3 12.0 11.0 10.4 9.8 9.6 9.4 9.2 9.0 8.8 8.6 8.5 8.3 8.1 7.8 6.2 4.9 TP304TP304 … S30400 18Cr–8Ni 8 (1) (9) (10) (19) 75 30 1.00 20.0 20.0 18.9 18.3 17.5 16.6 16.2 15.8 15.5 15.2 14.9 14.6 14.3 14.0 12.4 9.8 7.7 6.1 TP304TP304 … S30400 18Cr–8Ni 8 (1) (9) (10) (20) 75 30 0.90 18.0 18.0 17.0 16.5 15.7 14.9 14.6 14.3 13.9 13.7 13.4 13.1 12.8 12.6 11.2 8.8 7.0 5.5 TP304TP304 … S30400 18Cr–8Ni 8 (1) (9) (10) (21) 75 30 0.80 16.0 16.0 15.1 14.6 14.0 13.3 13.0 12.7 12.4 12.1 11.9 11.7 11.4 11.2 9.9 7.8 6.2 4.9 TP304
A409 TP304L … S30403 18Cr–8Ni 8 (1) (19) 70 25 1.00 16.7 14.3 12.8 11.7 10.9 10.4 10.2 10.0 9.8 9.7 … … … … … … … … TP304L A409TP304L … S30403 18Cr–8Ni 8 (1) (20) 70 25 0.90 15.0 12.8 11.5 10.5 9.8 9.3 9.1 9.0 8.8 8.7 … … … … … … … … TP304LTP304L … S30403 18Cr–8Ni 8 (1) (21) 70 25 0.80 13.3 11.4 10.2 9.4 8.7 8.3 8.1 8.0 7.9 7.7 … … … … … … … … TP304LTP304L … S30403 18Cr–8Ni 8 (1) (9) (19) 70 25 1.00 16.7 16.7 16.7 15.8 14.7 14.0 13.7 13.5 13.3 13.0 … … … … … … … … TP304LTP304L … S30403 18Cr–8Ni 8 (1) (9) (20) 70 25 0.90 15.0 15.0 15.0 14.2 13.3 12.6 12.3 12.1 11.9 11.7 … … … … … … … … TP304LTP304L … S30403 18Cr–8Ni 8 (1) (9) (21) 70 25 0.80 13.3 13.3 13.3 12.6 11.8 11.2 11.0 10.8 10.6 10.4 … … … … … … … … TP304L
A409 … … S30815 21Cr–11Ni–N 8 (1) (19) 87 45 1.00 24.9 24.7 22.0 19.9 18.5 17.7 17.4 17.2 17.0 16.8 16.6 16.4 16.2 14.9 11.6 9.0 6.9 5.2 … A409… … S30815 21Cr–11Ni–N 8 (1) (20) 87 45 0.90 22.4 22.2 19.8 17.9 16.7 15.9 15.7 15.5 15.3 15.1 14.9 14.8 14.6 13.4 10.4 8.1 6.2 4.7 …… … S30815 21Cr–11Ni–N 8 (1) (21) 87 45 0.80 19.9 19.8 17.6 15.9 14.8 14.2 13.9 13.8 13.6 13.4 13.3 13.1 13.0 11.9 9.3 7.2 5.5 4.2 …… … S30815 21Cr–11Ni–N 8 (1) (9) (19) 87 45 1.00 24.9 24.7 23.3 22.4 21.8 21.4 21.2 21.0 20.8 20.6 20.3 20.0 19.1 14.9 11.6 9.0 6.9 5.2 …… … S30815 21Cr–11Ni–N 8 (1) (9) (20) 87 45 0.90 22.4 22.2 21.0 20.2 19.6 19.3 19.1 18.9 18.7 18.5 18.3 18.0 17.2 13.4 10.4 8.1 6.2 4.7 …… … S30815 21Cr–11Ni–N 8 (1) (9) (21) 87 45 0.80 19.9 19.8 18.6 17.9 17.4 17.1 17.0 16.8 16.6 16.5 16.2 16.0 15.3 11.9 9.3 7.2 5.5 4.2 …A409 TP316 … S31600 16Cr–12Ni–2Mo 8 (1) (10) (19) 75 30 1.00 20.0 17.3 15.6 14.3 13.3 12.6 12.3 12.1 11.9 11.8 11.6 11.5 11.4 11.3 11.2 11.1 9.8 7.4 TP316 A409TP316 … S31600 16Cr–12Ni–2Mo 8 (1) (10) (20) 75 30 0.90 18.0 15.5 14.0 12.9 12.0 11.3 11.1 10.9 10.7 10.6 10.5 10.4 10.3 10.2 10.1 9.9 8.8 6.7 TP316TP316 … S31600 16Cr–12Ni–2Mo 8 (1) (10) (21) 75 30 0.80 16.0 13.8 12.5 11.4 10.6 10.1 9.9 9.7 9.5 9.4 9.3 9.2 9.1 9.1 9.0 8.8 7.8 5.9 TP316TP316 … S31600 16Cr–12Ni–2Mo 8 (1) (9) (10) (19) 75 30 1.00 20.0 20.0 20.0 19.3 18.0 17.0 16.6 16.3 16.1 15.9 15.7 15.6 15.4 15.3 15.1 12.4 9.8 7.4 TP316TP316 … S31600 16Cr–12Ni–2Mo 8 (1) (9) (10) (20) 75 30 0.90 18.0 18.0 18.0 17.4 16.2 15.3 15.0 14.7 14.5 14.3 14.1 14.0 13.9 13.8 13.6 11.2 8.8 6.7 TP316TP316 … S31600 16Cr–12Ni–2Mo 8 (1) (9) (10) (21) 75 30 0.80 16.0 16.0 16.0 15.4 14.4 13.6 13.3 13.1 12.9 12.7 12.6 12.5 12.3 12.2 12.1 9.9 7.8 5.9 TP316A409 TP316L … S31603 16Cr–12Ni–2Mo 8 (1) (19) (29) 70 25 1.00 16.7 14.2 12.7 11.7 10.9 10.4 10.2 10.0 9.8 9.6 9.4 9.2 9.0 8.8 8.6 8.4 8.3 6.4 TP316L A409TP316L … S31603 16Cr–12Ni–2Mo 8 (1) (20) (29) 70 25 0.90 15.0 12.8 11.4 10.5 9.8 9.4 9.2 9.0 8.8 8.6 8.4 8.3 8.1 7.9 7.7 7.6 7.5 5.8 TP316L
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Spec.
No.

Type or
Grade Class

UNS
Alloy
No.

Nominal
Composition

P-
No. Notes

Specified
Minimum
Tensile,
ksi

Specified
Minimum
Yield,
ksi

E
or
F

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding
Type
or

Grade
Spec.
No.100 200 300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200

Welded Pipe — Filler Metal Added: Austenitic   (Cont’d) Welded Pipe — Filler Metal Added: Austenitic (Cont’d)TP316L … S31603 16Cr–12Ni–2Mo 8 (1) (21) (29) 70 25 0.80 13.3 11.4 10.2 9.3 8.7 8.3 8.1 8.0 7.8 7.7 7.5 7.4 7.2 7.0 6.9 6.7 6.6 5.1 TP316LTP316L … S31603 16Cr–12Ni–2Mo 8 (1) (9) (19) (29) 70 25 1.00 16.7 16.7 16.7 15.7 14.8 14.0 13.7 13.5 13.2 12.9 12.7 12.4 12.1 11.9 11.6 11.4 8.8 6.4 TP316LTP316L … S31603 16Cr–12Ni–2Mo 8 (1) (9) (20) (29) 70 25 0.90 15.0 15.0 15.0 14.2 13.3 12.6 12.4 12.1 11.9 11.6 11.4 11.2 10.9 10.7 10.4 10.3 7.9 5.8 TP316LTP316L … S31603 16Cr–12Ni–2Mo 8 (1) (9) (21) (29) 70 25 0.80 13.3 13.3 13.3 12.6 11.8 11.2 11.0 10.8 10.6 10.3 10.1 9.9 9.7 9.5 9.3 9.1 7.0 5.1 TP316L
Welded Pipe — Filler Metal Added: Ferritic/Austenitic Welded Pipe — Filler Metal Added: Ferritic/AusteniticA928 S31803 1 & 3 S31803 22Cr–5.5Ni–3Mo–N 10H (1) (23) (24) 90 65 1.00 25.7 25.7 24.8 23.9 23.3 23.1 … … … … … … … … … … … … S31803 A928S31803 2 S31803 22Cr–5.5Ni–3Mo–N 10H (1) (23) (24) 90 65 0.90 23.1 23.1 22.3 21.5 21.0 20.8 … … … … … … … … … … … … S318032205 1 & 3 S32205 22Cr–5.5Ni–3Mo–N 10H (1) (23) (24) 95 65 1.00 27.1 27.1 26.2 25.2 24.6 24.3 … … … … … … … … … … … … 22052205 2 S32205 22Cr–5.5Ni–3Mo–N 10H (1) (23) (24) 95 65 0.90 24.4 24.4 23.6 22.7 22.1 21.9 … … … … … … … … … … … … 2205
Plate, Sheet, and Strip: Austenitic Plate, Sheet, and Strip: AusteniticA240 … … N08904 44Fe–25Ni–21Cr–Mo 45 (1) 71 31 1.00 20.3 16.7 15.1 13.8 12.7 11.9 11.6 11.4 … … … … … … … … … … … A240201LN … S20153 16Cr–4Ni–6Mn 8 (1) 95 45 1.00 27.1 23.7 21.2 20.1 19.7 19.2 18.6 18.0 17.4 16.7 … … … … … … … … 201LN201LN … S20153 16Cr–4Ni–6Mn 8 (1) (9) 95 45 1.00 27.1 23.7 21.2 20.1 20.0 19.6 19.6 19.4 19.2 18.8 … … … … … … … … 201LN
A240 304 … S30400 18Cr–8Ni 8 (10) (11) 75 30 1.00 20.0 16.7 15.0 13.8 12.9 12.3 12.0 11.7 11.5 11.2 11.0 10.8 10.6 10.4 10.1 9.8 7.7 6.1 304 A240304 … S30400 18Cr–8Ni 8 (9) (10) (11) 75 30 1.00 20.0 20.0 18.9 18.3 17.5 16.6 16.2 15.8 15.5 15.2 14.9 14.6 14.3 14.0 12.4 9.8 7.7 6.1 304304L … S30403 18Cr–8Ni 8 (1) 70 25 1.00 16.7 14.3 12.8 11.7 10.9 10.4 10.2 10.0 9.8 9.7 … … … … … … … … 304L304L … S30403 18Cr–8Ni 8 (1) (9) 70 25 1.00 16.7 16.7 16.7 15.8 14.7 14.0 13.7 13.5 13.3 13.0 … … … … … … … … 304L304N … S30451 18Cr–8Ni–N 8 (1) (10) 80 35 1.00 22.9 19.1 16.7 15.1 14.0 13.3 13.0 12.8 12.5 12.3 12.1 11.8 11.6 11.3 11.0 9.8 7.7 6.1 304N304N … S30451 18Cr–8Ni–N 8 (1) (9) (10) 80 35 1.00 22.9 22.9 21.7 20.3 18.9 17.9 17.5 17.2 16.9 16.6 16.3 16.0 15.6 15.2 12.4 9.8 7.7 6.1 304N
A240 … … S30815 21Cr–11Ni–N 8 (1) 87 45 1.00 24.9 24.7 22.0 19.9 18.5 17.7 17.4 17.2 17.0 16.8 16.6 16.4 16.2 14.9 11.6 9.0 6.9 5.2 … A240… … S30815 21Cr–11Ni–N 8 (1) (9) 87 45 1.00 24.9 24.7 23.3 22.4 21.8 21.4 21.2 21.0 20.8 20.6 20.3 20.0 19.1 14.9 11.6 9.0 6.9 5.2 …
A240 309H … S30909 23Cr–12Ni 8 (9) (11) (18) 75 30 1.00 20.0 20.0 20.0 20.0 19.4 18.8 18.5 18.2 18.0 17.7 17.5 17.2 16.9 13.8 10.3 7.6 5.5 4.0 309H A240309H … S30909 23Cr–12Ni 8 (11) (18) 75 30 1.00 20.0 17.5 16.1 15.1 14.4 13.9 13.7 13.5 13.3 13.1 12.9 12.7 12.5 12.3 10.3 7.6 5.5 4.0 309H309S … S30908 23Cr–12Ni 8 (1) (10) 75 30 1.00 20.0 17.5 16.1 15.1 14.4 13.9 13.7 13.5 13.3 13.1 12.9 12.7 12.5 9.9 7.1 5.0 3.6 2.5 309S309S … S30908 23Cr–12Ni 8 (1) (9) (10) 75 30 1.00 20.0 20.0 20.0 20.0 19.4 18.8 18.5 18.2 18.0 17.7 17.5 17.2 15.9 9.9 7.1 5.0 3.6 2.5 309S
A240 310H … S31009 25Cr–20Ni 8 (9) 75 30 1.00 20.0 20.0 20.0 19.9 19.3 18.5 18.2 17.9 17.7 17.4 17.2 16.9 16.7 13.8 10.3 7.6 5.5 4.0 310H A240310H … S31009 25Cr–20Ni 8 … 75 30 1.00 20.0 17.6 16.1 15.1 14.3 13.7 13.5 13.3 13.1 12.9 12.7 12.5 12.3 12.1 10.3 7.6 5.5 4.0 310H310S … S31008 25Cr–20Ni 8 (10) (11) (14) 75 30 1.00 20.0 17.6 16.1 15.1 14.3 13.7 13.5 13.3 13.1 12.9 12.7 12.5 12.3 9.9 7.1 5.0 3.6 2.5 310S310S … S31008 25Cr–20Ni 8 (9) (10) (11) (14) 75 30 1.00 20.0 20.0 20.0 19.9 19.3 18.5 18.2 17.9 17.7 17.4 17.2 16.9 15.9 9.9 7.1 5.0 3.6 2.5 310S310S … S31008 25Cr–20Ni 8 (10) (11) (15) 75 30 1.00 20.0 17.6 16.1 15.1 14.3 13.7 13.5 13.3 13.1 12.9 12.7 12.5 12.3 9.9 7.1 5.0 3.6 2.5 310S310S … S31008 25Cr–20Ni 8 (9) (10) (11) (15) 75 30 1.00 20.0 20.0 20.0 19.9 19.3 18.5 18.2 17.9 17.7 17.4 17.2 16.9 15.9 9.9 7.1 5.0 3.6 2.5 310S
A240 316 … S31600 16Cr–12Ni–2Mo 8 (10) (11) 75 30 1.00 20.0 17.3 15.6 14.3 13.3 12.6 12.3 12.1 11.9 11.8 11.6 11.5 11.4 11.3 11.2 11.1 9.8 7.4 316 A240316 … S31600 16Cr–12Ni–2Mo 8 (9) (10) (11) 75 30 1.00 20.0 20.0 20.0 19.3 18.0 17.0 16.6 16.3 16.1 15.9 15.7 15.6 15.4 15.3 15.1 12.4 9.8 7.4 316316L … S31603 16Cr–12Ni–2Mo 8 (1) (29) 70 25 1.00 16.7 14.2 12.7 11.7 10.9 10.4 10.2 10.0 9.8 9.6 9.4 9.2 9.0 8.8 8.6 8.4 8.3 6.4 316L316L … S31603 16Cr–12Ni–2Mo 8 (1) (9) (29) 70 25 1.00 16.7 16.7 16.7 15.7 14.8 14.0 13.7 13.5 13.2 12.9 12.7 12.4 12.1 11.9 11.6 11.4 8.8 6.4 316L316N … S31651 16Cr–12Ni–2Mo–N 8 (10) 80 35 1.00 22.9 20.7 19.0 17.6 16.5 15.6 15.2 14.9 14.5 14.2 13.9 13.7 13.4 13.2 12.9 12.3 9.8 7.4 316N316N … S31651 16Cr–12Ni–2Mo–N 8 (9) (10) 80 35 1.00 22.9 22.9 22.0 21.5 21.2 21.0 20.5 20.0 19.6 19.2 18.8 18.5 18.1 17.8 15.8 12.3 9.8 7.4 316NA240 317 … S31700 18Cr–13Ni–3Mo 8 (1) (10) (11) 75 30 1.00 20.0 17.3 15.6 14.3 13.3 12.6 12.3 12.1 11.9 11.8 11.6 11.5 11.4 11.3 11.2 11.1 9.8 7.4 317 A240317 … S31700 18Cr–13Ni–3Mo 8 (1) (9) (10) (11) 75 30 1.00 20.0 20.0 20.0 19.3 18.0 17.0 16.6 16.3 16.1 15.9 15.7 15.6 15.4 15.3 15.1 12.4 9.8 7.4 317
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Spec.
No.

Type or
Grade Class

UNS
Alloy
No.

Nominal
Composition

P-
No. Notes

Specified
Minimum
Tensile,
ksi

Specified
Minimum
Yield,
ksi

E
or
F

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding
Type
or

Grade
Spec.
No.100 200 300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200

Welded Pipe — Filler Metal Added: Austenitic Welded Pipe — Filler Metal Added: Austenitic (Cont’d)TP316L … S31603 16Cr–12Ni–2Mo 8 (1) (21) (29) 70 25 0.80 13.3 11.4 10.2 9.3 8.7 8.3 8.1 8.0 7.8 7.7 7.5 7.4 7.2 7.0 6.9 6.7 6.6 5.1 TP316LTP316L … S31603 16Cr–12Ni–2Mo 8 (1) (9) (19) (29) 70 25 1.00 16.7 16.7 16.7 15.7 14.8 14.0 13.7 13.5 13.2 12.9 12.7 12.4 12.1 11.9 11.6 11.4 8.8 6.4 TP316LTP316L … S31603 16Cr–12Ni–2Mo 8 (1) (9) (20) (29) 70 25 0.90 15.0 15.0 15.0 14.2 13.3 12.6 12.4 12.1 11.9 11.6 11.4 11.2 10.9 10.7 10.4 10.3 7.9 5.8 TP316LTP316L … S31603 16Cr–12Ni–2Mo 8 (1) (9) (21) (29) 70 25 0.80 13.3 13.3 13.3 12.6 11.8 11.2 11.0 10.8 10.6 10.3 10.1 9.9 9.7 9.5 9.3 9.1 7.0 5.1 TP316L
Welded Pipe — Filler Metal Added: Ferritic/Austenitic Welded Pipe — Filler Metal Added: Ferritic/AusteniticA928 S31803 1 & 3 S31803 22Cr–5.5Ni–3Mo–N 10H (1) (23) (24) 90 65 1.00 25.7 25.7 24.8 23.9 23.3 23.1 … … … … … … … … … … … … S31803 A928S31803 2 S31803 22Cr–5.5Ni–3Mo–N 10H (1) (23) (24) 90 65 0.90 23.1 23.1 22.3 21.5 21.0 20.8 … … … … … … … … … … … … S318032205 1 & 3 S32205 22Cr–5.5Ni–3Mo–N 10H (1) (23) (24) 95 65 1.00 27.1 27.1 26.2 25.2 24.6 24.3 … … … … … … … … … … … … 22052205 2 S32205 22Cr–5.5Ni–3Mo–N 10H (1) (23) (24) 95 65 0.90 24.4 24.4 23.6 22.7 22.1 21.9 … … … … … … … … … … … … 2205
Plate, Sheet, and Strip: Austenitic Plate, Sheet, and Strip: AusteniticA240 … … N08904 44Fe–25Ni–21Cr–Mo 45 (1) 71 31 1.00 20.3 16.7 15.1 13.8 12.7 11.9 11.6 11.4 … … … … … … … … … … … A240201LN … S20153 16Cr–4Ni–6Mn 8 (1) 95 45 1.00 27.1 23.7 21.2 20.1 19.7 19.2 18.6 18.0 17.4 16.7 … … … … … … … … 201LN201LN … S20153 16Cr–4Ni–6Mn 8 (1) (9) 95 45 1.00 27.1 23.7 21.2 20.1 20.0 19.6 19.6 19.4 19.2 18.8 … … … … … … … … 201LN
A240 304 … S30400 18Cr–8Ni 8 (10) (11) 75 30 1.00 20.0 16.7 15.0 13.8 12.9 12.3 12.0 11.7 11.5 11.2 11.0 10.8 10.6 10.4 10.1 9.8 7.7 6.1 304 A240304 … S30400 18Cr–8Ni 8 (9) (10) (11) 75 30 1.00 20.0 20.0 18.9 18.3 17.5 16.6 16.2 15.8 15.5 15.2 14.9 14.6 14.3 14.0 12.4 9.8 7.7 6.1 304304L … S30403 18Cr–8Ni 8 (1) 70 25 1.00 16.7 14.3 12.8 11.7 10.9 10.4 10.2 10.0 9.8 9.7 … … … … … … … … 304L304L … S30403 18Cr–8Ni 8 (1) (9) 70 25 1.00 16.7 16.7 16.7 15.8 14.7 14.0 13.7 13.5 13.3 13.0 … … … … … … … … 304L304N … S30451 18Cr–8Ni–N 8 (1) (10) 80 35 1.00 22.9 19.1 16.7 15.1 14.0 13.3 13.0 12.8 12.5 12.3 12.1 11.8 11.6 11.3 11.0 9.8 7.7 6.1 304N304N … S30451 18Cr–8Ni–N 8 (1) (9) (10) 80 35 1.00 22.9 22.9 21.7 20.3 18.9 17.9 17.5 17.2 16.9 16.6 16.3 16.0 15.6 15.2 12.4 9.8 7.7 6.1 304N
A240 … … S30815 21Cr–11Ni–N 8 (1) 87 45 1.00 24.9 24.7 22.0 19.9 18.5 17.7 17.4 17.2 17.0 16.8 16.6 16.4 16.2 14.9 11.6 9.0 6.9 5.2 … A240… … S30815 21Cr–11Ni–N 8 (1) (9) 87 45 1.00 24.9 24.7 23.3 22.4 21.8 21.4 21.2 21.0 20.8 20.6 20.3 20.0 19.1 14.9 11.6 9.0 6.9 5.2 …
A240 309H … S30909 23Cr–12Ni 8 (9) (11) (18) 75 30 1.00 20.0 20.0 20.0 20.0 19.4 18.8 18.5 18.2 18.0 17.7 17.5 17.2 16.9 13.8 10.3 7.6 5.5 4.0 309H A240309H … S30909 23Cr–12Ni 8 (11) (18) 75 30 1.00 20.0 17.5 16.1 15.1 14.4 13.9 13.7 13.5 13.3 13.1 12.9 12.7 12.5 12.3 10.3 7.6 5.5 4.0 309H309S … S30908 23Cr–12Ni 8 (1) (10) 75 30 1.00 20.0 17.5 16.1 15.1 14.4 13.9 13.7 13.5 13.3 13.1 12.9 12.7 12.5 9.9 7.1 5.0 3.6 2.5 309S309S … S30908 23Cr–12Ni 8 (1) (9) (10) 75 30 1.00 20.0 20.0 20.0 20.0 19.4 18.8 18.5 18.2 18.0 17.7 17.5 17.2 15.9 9.9 7.1 5.0 3.6 2.5 309S
A240 310H … S31009 25Cr–20Ni 8 (9) 75 30 1.00 20.0 20.0 20.0 19.9 19.3 18.5 18.2 17.9 17.7 17.4 17.2 16.9 16.7 13.8 10.3 7.6 5.5 4.0 310H A240310H … S31009 25Cr–20Ni 8 … 75 30 1.00 20.0 17.6 16.1 15.1 14.3 13.7 13.5 13.3 13.1 12.9 12.7 12.5 12.3 12.1 10.3 7.6 5.5 4.0 310H310S … S31008 25Cr–20Ni 8 (10) (11) (14) 75 30 1.00 20.0 17.6 16.1 15.1 14.3 13.7 13.5 13.3 13.1 12.9 12.7 12.5 12.3 9.9 7.1 5.0 3.6 2.5 310S310S … S31008 25Cr–20Ni 8 (9) (10) (11) (14) 75 30 1.00 20.0 20.0 20.0 19.9 19.3 18.5 18.2 17.9 17.7 17.4 17.2 16.9 15.9 9.9 7.1 5.0 3.6 2.5 310S310S … S31008 25Cr–20Ni 8 (10) (11) (15) 75 30 1.00 20.0 17.6 16.1 15.1 14.3 13.7 13.5 13.3 13.1 12.9 12.7 12.5 12.3 9.9 7.1 5.0 3.6 2.5 310S310S … S31008 25Cr–20Ni 8 (9) (10) (11) (15) 75 30 1.00 20.0 20.0 20.0 19.9 19.3 18.5 18.2 17.9 17.7 17.4 17.2 16.9 15.9 9.9 7.1 5.0 3.6 2.5 310S
A240 316 … S31600 16Cr–12Ni–2Mo 8 (10) (11) 75 30 1.00 20.0 17.3 15.6 14.3 13.3 12.6 12.3 12.1 11.9 11.8 11.6 11.5 11.4 11.3 11.2 11.1 9.8 7.4 316 A240316 … S31600 16Cr–12Ni–2Mo 8 (9) (10) (11) 75 30 1.00 20.0 20.0 20.0 19.3 18.0 17.0 16.6 16.3 16.1 15.9 15.7 15.6 15.4 15.3 15.1 12.4 9.8 7.4 316316L … S31603 16Cr–12Ni–2Mo 8 (1) (29) 70 25 1.00 16.7 14.2 12.7 11.7 10.9 10.4 10.2 10.0 9.8 9.6 9.4 9.2 9.0 8.8 8.6 8.4 8.3 6.4 316L316L … S31603 16Cr–12Ni–2Mo 8 (1) (9) (29) 70 25 1.00 16.7 16.7 16.7 15.7 14.8 14.0 13.7 13.5 13.2 12.9 12.7 12.4 12.1 11.9 11.6 11.4 8.8 6.4 316L316N … S31651 16Cr–12Ni–2Mo–N 8 (10) 80 35 1.00 22.9 20.7 19.0 17.6 16.5 15.6 15.2 14.9 14.5 14.2 13.9 13.7 13.4 13.2 12.9 12.3 9.8 7.4 316N316N … S31651 16Cr–12Ni–2Mo–N 8 (9) (10) 80 35 1.00 22.9 22.9 22.0 21.5 21.2 21.0 20.5 20.0 19.6 19.2 18.8 18.5 18.1 17.8 15.8 12.3 9.8 7.4 316NA240 317 … S31700 18Cr–13Ni–3Mo 8 (1) (10) (11) 75 30 1.00 20.0 17.3 15.6 14.3 13.3 12.6 12.3 12.1 11.9 11.8 11.6 11.5 11.4 11.3 11.2 11.1 9.8 7.4 317 A240317 … S31700 18Cr–13Ni–3Mo 8 (1) (9) (10) (11) 75 30 1.00 20.0 20.0 20.0 19.3 18.0 17.0 16.6 16.3 16.1 15.9 15.7 15.6 15.4 15.3 15.1 12.4 9.8 7.4 317
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Spec.
No.

Type or
Grade Class

UNS
Alloy
No.

Nominal
Composition

P-
No. Notes

Specified
Minimum
Tensile,
ksi

Specified
Minimum
Yield,
ksi

E
or
F

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding
Type
or

Grade
Spec.
No.100 200 300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200

Plate, Sheet, and Strip: Austenitic   (Cont’d) Plate, Sheet, and Strip: Austenitic (Cont’d)317L … S31703 18Cr–13Ni–3Mo 8 (1) 75 30 1.00 20.0 17.0 15.2 14.0 13.1 12.5 12.2 12.0 11.7 11.5 11.3 … … … … … … … 317L317L … S31703 18Cr–13Ni–3Mo 8 (1) (9) 75 30 1.00 20.0 20.0 19.6 18.9 17.7 16.9 16.5 16.2 15.8 15.5 15.2 … … … … … … … 317L321 … S32100 18Cr–10Ni–Ti 8 (10) (11) 75 30 1.00 20.0 18.0 16.5 15.3 14.3 13.5 13.2 13.0 12.7 12.6 12.4 12.3 12.1 12.0 9.6 6.9 5.0 3.6 321321 … S32100 18Cr–10Ni–Ti 8 (9) (10) (11) 75 30 1.00 20.0 20.0 19.1 18.7 18.7 18.3 17.9 17.5 17.2 16.9 16.7 16.5 16.4 16.2 9.6 6.9 5.0 3.6 321A240 347 … S34700 18Cr–10Ni–Cb 8 (10) (11) 75 30 1.00 20.0 18.4 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 13.4 13.4 13.4 12.1 9.1 6.1 4.4 347 A240347 … S34700 18Cr–10Ni–Cb 8 (9) (10) (11) 75 30 1.00 20.0 20.0 18.8 17.8 17.2 16.9 16.8 16.8 16.8 16.8 16.8 16.7 16.6 16.0 12.1 9.1 6.1 4.4 347348 … S34800 18Cr–10Ni–Cb 8 (1) (10) (11) 75 30 1.00 20.0 18.4 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 13.4 13.4 13.4 12.1 9.1 6.1 4.4 348348 … S34800 18Cr–10Ni–Cb 8 (1) (9) (10) (11) 75 30 1.00 20.0 20.0 18.8 17.8 17.2 16.9 16.8 16.8 16.8 16.8 16.8 16.7 16.6 16.0 12.1 9.1 6.1 4.4 348A240 XM-15 … S38100 18Cr–8Ni–2Si 8 (1) 75 30 1.00 20.0 16.7 15.0 13.8 12.9 12.3 12.0 11.7 11.5 11.2 11.0 10.8 10.6 10.4 … … … … XM-15 A240XM-15 … S38100 18Cr–8Ni–2Si 8 (1) (9) 75 30 1.00 20.0 20.0 18.9 18.3 17.5 16.6 16.2 15.8 15.5 15.2 14.9 14.6 14.3 14.0 … … … … XM-15317LMN … S31726 19Cr–15.5Ni–4Mo 8 (1) 80 35 1.00 22.9 20.0 17.9 16.3 15.3 14.6 … … … … … … … … … … … … 317LMN317LMN … S31726 19Cr–15.5Ni–4Mo 8 (1) (9) 80 35 1.00 22.9 21.8 20.9 20.5 20.3 19.7 … … … … … … … … … … … … 317LMNA240 … … S31254 20Cr–18Ni–6Mo 8 (1) 95 45 1.00 27.1 24.5 21.9 20.2 19.1 18.3 18.0 17.8 17.7 … … … … … … … … … … A240… … S31254 20Cr–18Ni–6Mo 8 (1) (9) 95 45 1.00 27.1 27.1 25.8 24.6 23.7 23.2 23.1 23.0 22.9 … … … … … … … … … …… … S31254 20Cr–18Ni–6Mo 8 (1) 100 45 1.00 28.6 24.5 21.9 20.2 19.1 18.3 18.0 17.8 17.7 … … … … … … … … … …… … S31254 20Cr–18Ni–6Mo 8 (1) (9) 100 45 1.00 28.6 28.6 27.2 25.9 25.0 24.4 24.3 24.1 23.9 … … … … … … … … … …… … S32550 25.5Cr–5.5Ni–3.5Mo–2Cu 10H (1) (25) (26) 110 80 1.00 31.4 31.3 29.5 28.6 28.2 … … … … … … … … … … … … … …
Plate, Sheet, and Strip: Ferritic/Martensitic Plate, Sheet, and Strip: Ferritic/MartensiticA240 405 … S40500 12Cr–1Al 7 (3) 60 25 1.00 16.7 15.3 14.8 14.5 14.3 14.0 13.8 13.5 … … … … … … … … … … 405 A240410 … S41000 13Cr 6 (1) 65 30 1.00 18.6 18.4 17.8 17.4 17.2 16.8 16.6 16.2 15.7 15.1 14.4 12.3 8.8 6.4 4.4 2.9 1.8 1.0 410410S … S41008 13Cr 7 (1) 60 30 1.00 17.1 17.1 16.8 16.5 16.3 15.9 15.6 15.2 14.7 14.1 13.4 12.3 8.8 6.4 4.4 2.9 1.8 1.0 410S429 … S42900 15Cr 6 (1) (3) 65 30 1.00 18.6 18.4 17.8 17.4 17.2 16.8 16.6 16.2 15.7 15.1 14.4 12.0 9.2 6.5 4.5 3.2 2.4 1.8 429
A240 430 … S43000 17Cr 7 (1) (3) 65 30 1.00 18.6 18.4 17.8 17.4 17.2 16.8 16.6 16.2 15.7 15.1 14.4 12.0 9.2 6.5 4.5 3.2 2.4 1.8 430 A240XM-27 … S44627 26Cr–1Mo 10I (1) (3) 65 40 1.00 18.6 18.6 18.3 18.1 18.1 18.1 18.1 … … … … … … … … … … … XM-27XM-33 … S44626 27Cr–1Mo–Ti 10I (2) 68 45 1.00 19.4 19.4 19.3 19.0 18.8 18.4 18.1 … … … … … … … … … … … XM-33
Plate, Sheet, and Strip: Ferritic/Austenitic Plate, Sheet, and Strip: Ferritic/AusteniticA240 S31803 … S31803 22Cr–5.5Ni–3Mo–N 10H (1) (23) (24) 90 65 1.00 25.7 25.7 24.8 23.9 23.3 23.1 … … … … … … … … … … … … S31803 A240S32101 … S32101 21Cr–5Mn–1.5Ni–Cu–N 10H (1) (23) (24) 94 65 1.00 26.9 26.9 25.6 24.7 24.7 24.7 … … … … … … … … … … … … S32101S32003 … S32003 21Cr–3.5Ni–1.75Mo–N 10H (1) (23) (24) 95 65 1.00 27.1 26.3 24.8 24.5 24.5 24.5 24.5 … … … … … … … … … … … S320032205 … S32205 22Cr–5.5Ni–3Mo–N 10H (1) (23) (24) 95 65 1.00 27.1 27.1 26.2 25.2 24.6 24.3 … … … … … … … … … … … … 2205S32003 … S32003 21Cr–3.5Ni–1.75Mo–N 10H (1) (23) (24) 100 70 1.00 28.6 27.7 26.1 25.8 25.8 25.8 25.8 … … … … … … … … … … … S32003S32101 … S32101 21Cr–5Mn–1.5Ni–Cu–N 10H (1) (23) (24) 101 77 1.00 28.9 28.9 27.5 26.5 26.5 26.5 … … … … … … … … … … … … S32101S32750 … S32750 25Cr–7Ni–4Mo–N 10H (1) (22) (23) 116 80 1.00 33.1 33.0 31.2 30.1 29.6 29.4 … … … … … … … … … … … … S32750
Forgings: Austenitic Forgings: AusteniticA182 F904L … N08904 44Fe–25Ni–21Cr–Mo 45 (1) 71 31 1.00 20.3 16.7 15.1 13.8 12.7 11.9 11.6 11.4 … … … … … … … … … … F904L A182F44 … S31254 20Cr–18Ni–6Mo 8 (1) 94 44 1.00 26.9 23.9 21.4 19.8 18.6 17.9 17.6 17.4 17.3 … … … … … … … … … F44F44 … S31254 20Cr–18Ni–6Mo 8 (1) (9) 94 44 1.00 26.9 26.9 25.5 24.3 23.5 23.0 22.8 22.7 22.6 … … … … … … … … … F44
A182 F304 … S30400 18Cr–8Ni 8 (10) (12) 70 30 1.00 20.0 16.7 15.0 13.8 12.9 12.3 12.0 11.7 11.5 11.2 11.0 10.8 10.6 10.4 10.1 9.8 7.7 6.1 F304 A182F304 … S30400 18Cr–8Ni 8 (9) (10) (12) 70 30 1.00 20.0 20.0 18.9 18.3 17.5 16.6 16.2 15.8 15.5 15.2 14.9 14.6 14.3 14.0 12.4 9.8 7.7 6.1 F304
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Spec.
No.

Type or
Grade Class

UNS
Alloy
No.

Nominal
Composition

P-
No. Notes

Specified
Minimum
Tensile,
ksi

Specified
Minimum
Yield,
ksi

E
or
F

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding
Type
or

Grade
Spec.
No.100 200 300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200

Plate, Sheet, and Strip: Austenitic Plate, Sheet, and Strip: Austenitic (Cont’d)317L … S31703 18Cr–13Ni–3Mo 8 (1) 75 30 1.00 20.0 17.0 15.2 14.0 13.1 12.5 12.2 12.0 11.7 11.5 11.3 … … … … … … … 317L317L … S31703 18Cr–13Ni–3Mo 8 (1) (9) 75 30 1.00 20.0 20.0 19.6 18.9 17.7 16.9 16.5 16.2 15.8 15.5 15.2 … … … … … … … 317L321 … S32100 18Cr–10Ni–Ti 8 (10) (11) 75 30 1.00 20.0 18.0 16.5 15.3 14.3 13.5 13.2 13.0 12.7 12.6 12.4 12.3 12.1 12.0 9.6 6.9 5.0 3.6 321321 … S32100 18Cr–10Ni–Ti 8 (9) (10) (11) 75 30 1.00 20.0 20.0 19.1 18.7 18.7 18.3 17.9 17.5 17.2 16.9 16.7 16.5 16.4 16.2 9.6 6.9 5.0 3.6 321A240 347 … S34700 18Cr–10Ni–Cb 8 (10) (11) 75 30 1.00 20.0 18.4 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 13.4 13.4 13.4 12.1 9.1 6.1 4.4 347 A240347 … S34700 18Cr–10Ni–Cb 8 (9) (10) (11) 75 30 1.00 20.0 20.0 18.8 17.8 17.2 16.9 16.8 16.8 16.8 16.8 16.8 16.7 16.6 16.0 12.1 9.1 6.1 4.4 347348 … S34800 18Cr–10Ni–Cb 8 (1) (10) (11) 75 30 1.00 20.0 18.4 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 13.4 13.4 13.4 12.1 9.1 6.1 4.4 348348 … S34800 18Cr–10Ni–Cb 8 (1) (9) (10) (11) 75 30 1.00 20.0 20.0 18.8 17.8 17.2 16.9 16.8 16.8 16.8 16.8 16.8 16.7 16.6 16.0 12.1 9.1 6.1 4.4 348A240 XM-15 … S38100 18Cr–8Ni–2Si 8 (1) 75 30 1.00 20.0 16.7 15.0 13.8 12.9 12.3 12.0 11.7 11.5 11.2 11.0 10.8 10.6 10.4 … … … … XM-15 A240XM-15 … S38100 18Cr–8Ni–2Si 8 (1) (9) 75 30 1.00 20.0 20.0 18.9 18.3 17.5 16.6 16.2 15.8 15.5 15.2 14.9 14.6 14.3 14.0 … … … … XM-15317LMN … S31726 19Cr–15.5Ni–4Mo 8 (1) 80 35 1.00 22.9 20.0 17.9 16.3 15.3 14.6 … … … … … … … … … … … … 317LMN317LMN … S31726 19Cr–15.5Ni–4Mo 8 (1) (9) 80 35 1.00 22.9 21.8 20.9 20.5 20.3 19.7 … … … … … … … … … … … … 317LMNA240 … … S31254 20Cr–18Ni–6Mo 8 (1) 95 45 1.00 27.1 24.5 21.9 20.2 19.1 18.3 18.0 17.8 17.7 … … … … … … … … … … A240… … S31254 20Cr–18Ni–6Mo 8 (1) (9) 95 45 1.00 27.1 27.1 25.8 24.6 23.7 23.2 23.1 23.0 22.9 … … … … … … … … … …… … S31254 20Cr–18Ni–6Mo 8 (1) 100 45 1.00 28.6 24.5 21.9 20.2 19.1 18.3 18.0 17.8 17.7 … … … … … … … … … …… … S31254 20Cr–18Ni–6Mo 8 (1) (9) 100 45 1.00 28.6 28.6 27.2 25.9 25.0 24.4 24.3 24.1 23.9 … … … … … … … … … …… … S32550 25.5Cr–5.5Ni–3.5Mo–2Cu 10H (1) (25) (26) 110 80 1.00 31.4 31.3 29.5 28.6 28.2 … … … … … … … … … … … … … …
Plate, Sheet, and Strip: Ferritic/Martensitic Plate, Sheet, and Strip: Ferritic/MartensiticA240 405 … S40500 12Cr–1Al 7 (3) 60 25 1.00 16.7 15.3 14.8 14.5 14.3 14.0 13.8 13.5 … … … … … … … … … … 405 A240410 … S41000 13Cr 6 (1) 65 30 1.00 18.6 18.4 17.8 17.4 17.2 16.8 16.6 16.2 15.7 15.1 14.4 12.3 8.8 6.4 4.4 2.9 1.8 1.0 410410S … S41008 13Cr 7 (1) 60 30 1.00 17.1 17.1 16.8 16.5 16.3 15.9 15.6 15.2 14.7 14.1 13.4 12.3 8.8 6.4 4.4 2.9 1.8 1.0 410S429 … S42900 15Cr 6 (1) (3) 65 30 1.00 18.6 18.4 17.8 17.4 17.2 16.8 16.6 16.2 15.7 15.1 14.4 12.0 9.2 6.5 4.5 3.2 2.4 1.8 429
A240 430 … S43000 17Cr 7 (1) (3) 65 30 1.00 18.6 18.4 17.8 17.4 17.2 16.8 16.6 16.2 15.7 15.1 14.4 12.0 9.2 6.5 4.5 3.2 2.4 1.8 430 A240XM-27 … S44627 26Cr–1Mo 10I (1) (3) 65 40 1.00 18.6 18.6 18.3 18.1 18.1 18.1 18.1 … … … … … … … … … … … XM-27XM-33 … S44626 27Cr–1Mo–Ti 10I (2) 68 45 1.00 19.4 19.4 19.3 19.0 18.8 18.4 18.1 … … … … … … … … … … … XM-33
Plate, Sheet, and Strip: Ferritic/Austenitic Plate, Sheet, and Strip: Ferritic/AusteniticA240 S31803 … S31803 22Cr–5.5Ni–3Mo–N 10H (1) (23) (24) 90 65 1.00 25.7 25.7 24.8 23.9 23.3 23.1 … … … … … … … … … … … … S31803 A240S32101 … S32101 21Cr–5Mn–1.5Ni–Cu–N 10H (1) (23) (24) 94 65 1.00 26.9 26.9 25.6 24.7 24.7 24.7 … … … … … … … … … … … … S32101S32003 … S32003 21Cr–3.5Ni–1.75Mo–N 10H (1) (23) (24) 95 65 1.00 27.1 26.3 24.8 24.5 24.5 24.5 24.5 … … … … … … … … … … … S320032205 … S32205 22Cr–5.5Ni–3Mo–N 10H (1) (23) (24) 95 65 1.00 27.1 27.1 26.2 25.2 24.6 24.3 … … … … … … … … … … … … 2205S32003 … S32003 21Cr–3.5Ni–1.75Mo–N 10H (1) (23) (24) 100 70 1.00 28.6 27.7 26.1 25.8 25.8 25.8 25.8 … … … … … … … … … … … S32003S32101 … S32101 21Cr–5Mn–1.5Ni–Cu–N 10H (1) (23) (24) 101 77 1.00 28.9 28.9 27.5 26.5 26.5 26.5 … … … … … … … … … … … … S32101S32750 … S32750 25Cr–7Ni–4Mo–N 10H (1) (22) (23) 116 80 1.00 33.1 33.0 31.2 30.1 29.6 29.4 … … … … … … … … … … … … S32750
Forgings: Austenitic Forgings: AusteniticA182 F904L … N08904 44Fe–25Ni–21Cr–Mo 45 (1) 71 31 1.00 20.3 16.7 15.1 13.8 12.7 11.9 11.6 11.4 … … … … … … … … … … F904L A182F44 … S31254 20Cr–18Ni–6Mo 8 (1) 94 44 1.00 26.9 23.9 21.4 19.8 18.6 17.9 17.6 17.4 17.3 … … … … … … … … … F44F44 … S31254 20Cr–18Ni–6Mo 8 (1) (9) 94 44 1.00 26.9 26.9 25.5 24.3 23.5 23.0 22.8 22.7 22.6 … … … … … … … … … F44
A182 F304 … S30400 18Cr–8Ni 8 (10) (12) 70 30 1.00 20.0 16.7 15.0 13.8 12.9 12.3 12.0 11.7 11.5 11.2 11.0 10.8 10.6 10.4 10.1 9.8 7.7 6.1 F304 A182F304 … S30400 18Cr–8Ni 8 (9) (10) (12) 70 30 1.00 20.0 20.0 18.9 18.3 17.5 16.6 16.2 15.8 15.5 15.2 14.9 14.6 14.3 14.0 12.4 9.8 7.7 6.1 F304
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Spec.
No.

Type or
Grade Class

UNS
Alloy
No.

Nominal
Composition

P-
No. Notes

Specified
Minimum
Tensile,
ksi

Specified
Minimum
Yield,
ksi

E
or
F

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding
Type
or

Grade
Spec.
No.100 200 300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200

Forgings: Austenitic   (Cont’d) Forgings: Austenitic (Cont’d)F304 … S30400 18Cr–8Ni 8 (10) 75 30 1.00 20.0 16.7 15.0 13.8 12.9 12.3 12.0 11.7 11.5 11.2 11.0 10.8 10.6 10.4 10.1 9.8 7.7 6.1 F304F304 … S30400 18Cr–8Ni 8 (9) (10) 75 30 1.00 20.0 20.0 18.9 18.3 17.5 16.6 16.2 15.8 15.5 15.2 14.9 14.6 14.3 14.0 12.4 9.8 7.7 6.1 F304
A182 F304H … S30409 18Cr–8Ni 8 (12) 70 30 1.00 20.0 16.7 15.0 13.8 12.9 12.3 12.0 11.7 11.5 11.2 11.0 10.8 10.6 10.4 10.1 9.8 7.7 6.1 F304H A182F304H … S30409 18Cr–8Ni 8 (9) (12) 70 30 1.00 20.0 18.9 17.7 17.1 16.9 16.6 16.2 15.8 15.5 15.2 14.9 14.6 14.3 14.0 12.4 9.8 7.7 6.1 F304HF304H … S30409 18Cr–8Ni 8 … 75 30 1.00 20.0 16.7 15.0 13.8 12.9 12.3 12.0 11.7 11.5 11.2 11.0 10.8 10.6 10.4 10.1 9.8 7.7 6.1 F304HF304H … S30409 18Cr–8Ni 8 (9) 75 30 1.00 20.0 20.0 18.9 18.3 17.5 16.6 16.2 15.8 15.5 15.2 14.9 14.6 14.3 14.0 12.4 9.8 7.7 6.1 F304HA182 F304L … S30403 18Cr–8Ni 8 (1) 65 25 1.00 16.7 14.3 12.8 11.7 10.9 10.4 10.2 10.0 9.8 9.7 … … … … … … … … F304L A182F304L … S30403 18Cr–8Ni 8 (1) (9) 65 25 1.00 16.7 16.7 16.2 15.6 14.7 14.0 13.7 13.5 13.3 13.0 … … … … … … … … F304LF304N … S30451 18Cr–8Ni–N 8 (10) 80 35 1.00 22.9 19.1 16.7 15.1 14.0 13.3 13.0 12.8 12.5 12.3 12.1 11.8 11.6 11.3 11.0 9.8 7.7 6.1 F304NF304N … S30451 18Cr–8Ni–N 8 (9) (10) 80 35 1.00 22.9 22.9 21.7 20.3 18.9 17.9 17.5 17.2 16.9 16.6 16.3 16.0 15.6 15.2 12.4 9.8 7.7 6.1 F304NA182 … … S30815 21Cr–11Ni–N 8 (1) 87 45 1.00 24.9 24.7 22.0 19.9 18.5 17.7 17.4 17.2 17.0 16.8 16.6 16.4 16.2 14.9 11.6 9.0 6.9 5.2 … A182… … S30815 21Cr–11Ni–N 8 (1) (9) 87 45 1.00 24.9 24.7 23.3 22.4 21.8 21.4 21.2 21.0 20.8 20.6 20.3 20.0 19.1 14.9 11.6 9.0 6.9 5.2 …
A182 F310 … S31000 25Cr–20Ni 8 (1) (10) (14) 75 30 1.00 20.0 17.6 16.1 15.1 14.3 13.7 13.5 13.3 13.1 12.9 12.7 12.5 12.3 9.9 7.1 5.0 3.6 2.5 F310 A182F310 … S31000 25Cr–20Ni 8 (1) (9) (10) (14) 75 30 1.00 20.0 20.0 20.0 19.9 19.3 18.5 18.2 17.9 17.7 17.4 17.2 16.9 15.9 9.9 7.1 5.0 3.6 2.5 F310F310 … S31000 25Cr–20Ni 8 (1) (10) (15) 75 30 1.00 20.0 17.6 16.1 15.1 14.3 13.7 13.5 13.3 13.1 12.9 12.7 12.5 12.3 9.9 7.1 5.0 3.6 2.5 F310F310 … S31000 25Cr–20Ni 8 (1) (9) (10) (15) 75 30 1.00 20.0 20.0 20.0 19.9 19.3 18.5 18.2 17.9 17.7 17.4 17.2 16.9 15.9 9.9 7.1 5.0 3.6 2.5 F310A182 F316 … S31600 16Cr–12Ni–2Mo 8 (10) (12) 70 30 1.00 20.0 17.3 15.6 14.3 13.3 12.6 12.3 12.1 11.9 11.8 11.6 11.5 11.4 11.3 11.2 11.1 9.8 7.4 F316 A182F316 … S31600 16Cr–12Ni–2Mo 8 (9) (10) (12) 70 30 1.00 20.0 20.0 19.4 19.2 18.0 17.0 16.6 16.3 16.1 15.9 15.7 15.6 15.4 15.3 15.1 12.4 9.8 7.4 F316F316 … S31600 16Cr–12Ni–2Mo 8 (10) 75 30 1.00 20.0 17.3 15.6 14.3 13.3 12.6 12.3 12.1 11.9 11.8 11.6 11.5 11.4 11.3 11.2 11.1 9.8 7.4 F316F316 … S31600 16Cr–12Ni–2Mo 8 (9) (10) 75 30 1.00 20.0 20.0 20.0 19.3 18.0 17.0 16.6 16.3 16.1 15.9 15.7 15.6 15.4 15.3 15.1 12.4 9.8 7.4 F316A182 F316H … S31609 16Cr–12Ni–2Mo 8 (12) 70 30 1.00 20.0 17.3 15.6 14.3 13.3 12.6 12.3 12.1 11.9 11.8 11.6 11.5 11.4 11.3 11.2 11.1 9.8 7.4 F316H A182F316H … S31609 16Cr–12Ni–2Mo 8 (9) (12) 70 30 1.00 20.0 20.0 19.4 19.2 18.0 17.0 16.6 16.3 16.1 15.9 15.7 15.6 15.4 15.3 15.1 12.4 9.8 7.4 F316HF316H … S31609 16Cr–12Ni–2Mo 8 … 75 30 1.00 20.0 17.3 15.6 14.3 13.3 12.6 12.3 12.1 11.9 11.8 11.6 11.5 11.4 11.3 11.2 11.1 9.8 7.4 F316HF316H … S31609 16Cr–12Ni–2Mo 8 (9) 75 30 1.00 20.0 20.0 20.0 19.3 18.0 17.0 16.6 16.3 16.1 15.9 15.7 15.6 15.4 15.3 15.1 12.4 9.8 7.4 F316HA182 F316L … S31603 16Cr–12Ni–2Mo 8 (1) (27) (29) 70 25 1.00 16.7 14.1 12.7 11.7 10.9 10.4 10.2 10.0 9.8 9.6 9.4 9.2 9.0 8.8 8.6 8.4 8.3 6.4 F316L A182F316L … S31603 16Cr–12Ni–2Mo 8 (1) (9) (27) (29) 70 25 1.00 16.7 16.7 16.7 15.6 14.8 14.0 13.8 13.5 13.2 13.0 12.7 12.4 12.1 11.9 11.6 11.4 8.8 6.4 F316LF316N … S31651 16Cr–12Ni–2Mo–N 8 (10) 80 35 1.00 22.9 20.7 19.0 17.6 16.5 15.6 15.2 14.9 14.5 14.2 13.9 13.7 13.4 13.2 12.9 12.3 9.8 7.4 F316NF316N … S31651 16Cr–12Ni–2Mo–N 8 (9) (10) 80 35 1.00 22.9 22.9 22.0 21.5 21.2 21.0 20.5 20.0 19.6 19.2 18.8 18.5 18.1 17.8 15.8 12.3 9.8 7.4 F316NA182 F321 … S32100 18Cr–10Ni–Ti 8 (12) 70 30 1.00 20.0 18.0 16.5 15.3 14.3 13.5 13.2 13.0 12.7 12.6 12.4 12.3 12.1 12.0 9.6 6.9 5.0 3.6 F321 A182F321 … S32100 18Cr–10Ni–Ti 8 (9) (12) 70 30 1.00 20.0 19.0 17.8 17.5 17.5 17.5 17.5 17.5 17.2 16.9 16.7 16.5 16.4 16.2 9.6 6.9 5.0 3.6 F321F321 … S32100 18Cr–10Ni–Ti 8 (10) 75 30 1.00 20.0 18.0 16.5 15.3 14.3 13.5 13.2 13.0 12.7 12.6 12.4 12.3 12.1 12.0 9.6 6.9 5.0 3.6 F321F321 … S32100 18Cr–10Ni–Ti 8 (9) (10) 75 30 1.00 20.0 20.0 19.1 18.7 18.7 18.3 17.9 17.5 17.2 16.9 16.7 16.5 16.4 16.2 9.6 6.9 5.0 3.6 F321
A182 F321H … S32109 18Cr–10Ni–Ti 8 (12) 70 30 1.00 20.0 18.0 16.5 15.3 14.3 13.5 13.2 13.0 12.7 12.6 12.4 12.3 12.1 12.0 11.9 9.1 6.9 5.4 F321H A182F321H … S32109 18Cr–10Ni–Ti 8 (9) (12) 70 30 1.00 20.0 19.0 17.8 17.5 17.5 17.5 17.5 17.5 17.2 16.9 16.7 16.5 16.4 16.2 12.3 9.1 6.9 5.4 F321HF321H … S32109 18Cr–10Ni–Ti 8 … 75 30 1.00 20.0 18.0 16.5 15.3 14.3 13.5 13.2 13.0 12.7 12.6 12.4 12.3 12.1 12.0 11.9 9.1 6.9 5.4 F321HF321H … S32109 18Cr–10Ni–Ti 8 (9) 75 30 1.00 20.0 20.0 19.1 18.7 18.7 18.3 17.9 17.5 17.2 16.9 16.7 16.5 16.4 16.2 12.3 9.1 6.9 5.4 F321H
A182 F347 … S34700 18Cr–10Ni–Cb 8 (12) 70 30 1.00 20.0 18.4 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 13.4 13.4 13.4 12.1 9.1 6.1 4.4 F347 A182F347 … S34700 18Cr–10Ni–Cb 8 (9) (12) 70 30 1.00 20.0 19.1 17.6 16.6 16.0 15.8 15.7 15.7 15.7 15.7 15.7 15.6 15.5 15.3 12.1 9.1 6.1 4.4 F347
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Spec.
No.

Type or
Grade Class

UNS
Alloy
No.

Nominal
Composition

P-
No. Notes

Specified
Minimum
Tensile,
ksi

Specified
Minimum
Yield,
ksi

E
or
F

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding
Type
or

Grade
Spec.
No.100 200 300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200

Forgings: Austenitic Forgings: Austenitic (Cont’d)F304 … S30400 18Cr–8Ni 8 (10) 75 30 1.00 20.0 16.7 15.0 13.8 12.9 12.3 12.0 11.7 11.5 11.2 11.0 10.8 10.6 10.4 10.1 9.8 7.7 6.1 F304F304 … S30400 18Cr–8Ni 8 (9) (10) 75 30 1.00 20.0 20.0 18.9 18.3 17.5 16.6 16.2 15.8 15.5 15.2 14.9 14.6 14.3 14.0 12.4 9.8 7.7 6.1 F304
A182 F304H … S30409 18Cr–8Ni 8 (12) 70 30 1.00 20.0 16.7 15.0 13.8 12.9 12.3 12.0 11.7 11.5 11.2 11.0 10.8 10.6 10.4 10.1 9.8 7.7 6.1 F304H A182F304H … S30409 18Cr–8Ni 8 (9) (12) 70 30 1.00 20.0 18.9 17.7 17.1 16.9 16.6 16.2 15.8 15.5 15.2 14.9 14.6 14.3 14.0 12.4 9.8 7.7 6.1 F304HF304H … S30409 18Cr–8Ni 8 … 75 30 1.00 20.0 16.7 15.0 13.8 12.9 12.3 12.0 11.7 11.5 11.2 11.0 10.8 10.6 10.4 10.1 9.8 7.7 6.1 F304HF304H … S30409 18Cr–8Ni 8 (9) 75 30 1.00 20.0 20.0 18.9 18.3 17.5 16.6 16.2 15.8 15.5 15.2 14.9 14.6 14.3 14.0 12.4 9.8 7.7 6.1 F304HA182 F304L … S30403 18Cr–8Ni 8 (1) 65 25 1.00 16.7 14.3 12.8 11.7 10.9 10.4 10.2 10.0 9.8 9.7 … … … … … … … … F304L A182F304L … S30403 18Cr–8Ni 8 (1) (9) 65 25 1.00 16.7 16.7 16.2 15.6 14.7 14.0 13.7 13.5 13.3 13.0 … … … … … … … … F304LF304N … S30451 18Cr–8Ni–N 8 (10) 80 35 1.00 22.9 19.1 16.7 15.1 14.0 13.3 13.0 12.8 12.5 12.3 12.1 11.8 11.6 11.3 11.0 9.8 7.7 6.1 F304NF304N … S30451 18Cr–8Ni–N 8 (9) (10) 80 35 1.00 22.9 22.9 21.7 20.3 18.9 17.9 17.5 17.2 16.9 16.6 16.3 16.0 15.6 15.2 12.4 9.8 7.7 6.1 F304NA182 … … S30815 21Cr–11Ni–N 8 (1) 87 45 1.00 24.9 24.7 22.0 19.9 18.5 17.7 17.4 17.2 17.0 16.8 16.6 16.4 16.2 14.9 11.6 9.0 6.9 5.2 … A182… … S30815 21Cr–11Ni–N 8 (1) (9) 87 45 1.00 24.9 24.7 23.3 22.4 21.8 21.4 21.2 21.0 20.8 20.6 20.3 20.0 19.1 14.9 11.6 9.0 6.9 5.2 …
A182 F310 … S31000 25Cr–20Ni 8 (1) (10) (14) 75 30 1.00 20.0 17.6 16.1 15.1 14.3 13.7 13.5 13.3 13.1 12.9 12.7 12.5 12.3 9.9 7.1 5.0 3.6 2.5 F310 A182F310 … S31000 25Cr–20Ni 8 (1) (9) (10) (14) 75 30 1.00 20.0 20.0 20.0 19.9 19.3 18.5 18.2 17.9 17.7 17.4 17.2 16.9 15.9 9.9 7.1 5.0 3.6 2.5 F310F310 … S31000 25Cr–20Ni 8 (1) (10) (15) 75 30 1.00 20.0 17.6 16.1 15.1 14.3 13.7 13.5 13.3 13.1 12.9 12.7 12.5 12.3 9.9 7.1 5.0 3.6 2.5 F310F310 … S31000 25Cr–20Ni 8 (1) (9) (10) (15) 75 30 1.00 20.0 20.0 20.0 19.9 19.3 18.5 18.2 17.9 17.7 17.4 17.2 16.9 15.9 9.9 7.1 5.0 3.6 2.5 F310A182 F316 … S31600 16Cr–12Ni–2Mo 8 (10) (12) 70 30 1.00 20.0 17.3 15.6 14.3 13.3 12.6 12.3 12.1 11.9 11.8 11.6 11.5 11.4 11.3 11.2 11.1 9.8 7.4 F316 A182F316 … S31600 16Cr–12Ni–2Mo 8 (9) (10) (12) 70 30 1.00 20.0 20.0 19.4 19.2 18.0 17.0 16.6 16.3 16.1 15.9 15.7 15.6 15.4 15.3 15.1 12.4 9.8 7.4 F316F316 … S31600 16Cr–12Ni–2Mo 8 (10) 75 30 1.00 20.0 17.3 15.6 14.3 13.3 12.6 12.3 12.1 11.9 11.8 11.6 11.5 11.4 11.3 11.2 11.1 9.8 7.4 F316F316 … S31600 16Cr–12Ni–2Mo 8 (9) (10) 75 30 1.00 20.0 20.0 20.0 19.3 18.0 17.0 16.6 16.3 16.1 15.9 15.7 15.6 15.4 15.3 15.1 12.4 9.8 7.4 F316A182 F316H … S31609 16Cr–12Ni–2Mo 8 (12) 70 30 1.00 20.0 17.3 15.6 14.3 13.3 12.6 12.3 12.1 11.9 11.8 11.6 11.5 11.4 11.3 11.2 11.1 9.8 7.4 F316H A182F316H … S31609 16Cr–12Ni–2Mo 8 (9) (12) 70 30 1.00 20.0 20.0 19.4 19.2 18.0 17.0 16.6 16.3 16.1 15.9 15.7 15.6 15.4 15.3 15.1 12.4 9.8 7.4 F316HF316H … S31609 16Cr–12Ni–2Mo 8 … 75 30 1.00 20.0 17.3 15.6 14.3 13.3 12.6 12.3 12.1 11.9 11.8 11.6 11.5 11.4 11.3 11.2 11.1 9.8 7.4 F316HF316H … S31609 16Cr–12Ni–2Mo 8 (9) 75 30 1.00 20.0 20.0 20.0 19.3 18.0 17.0 16.6 16.3 16.1 15.9 15.7 15.6 15.4 15.3 15.1 12.4 9.8 7.4 F316HA182 F316L … S31603 16Cr–12Ni–2Mo 8 (1) (27) (29) 70 25 1.00 16.7 14.1 12.7 11.7 10.9 10.4 10.2 10.0 9.8 9.6 9.4 9.2 9.0 8.8 8.6 8.4 8.3 6.4 F316L A182F316L … S31603 16Cr–12Ni–2Mo 8 (1) (9) (27) (29) 70 25 1.00 16.7 16.7 16.7 15.6 14.8 14.0 13.8 13.5 13.2 13.0 12.7 12.4 12.1 11.9 11.6 11.4 8.8 6.4 F316LF316N … S31651 16Cr–12Ni–2Mo–N 8 (10) 80 35 1.00 22.9 20.7 19.0 17.6 16.5 15.6 15.2 14.9 14.5 14.2 13.9 13.7 13.4 13.2 12.9 12.3 9.8 7.4 F316NF316N … S31651 16Cr–12Ni–2Mo–N 8 (9) (10) 80 35 1.00 22.9 22.9 22.0 21.5 21.2 21.0 20.5 20.0 19.6 19.2 18.8 18.5 18.1 17.8 15.8 12.3 9.8 7.4 F316NA182 F321 … S32100 18Cr–10Ni–Ti 8 (12) 70 30 1.00 20.0 18.0 16.5 15.3 14.3 13.5 13.2 13.0 12.7 12.6 12.4 12.3 12.1 12.0 9.6 6.9 5.0 3.6 F321 A182F321 … S32100 18Cr–10Ni–Ti 8 (9) (12) 70 30 1.00 20.0 19.0 17.8 17.5 17.5 17.5 17.5 17.5 17.2 16.9 16.7 16.5 16.4 16.2 9.6 6.9 5.0 3.6 F321F321 … S32100 18Cr–10Ni–Ti 8 (10) 75 30 1.00 20.0 18.0 16.5 15.3 14.3 13.5 13.2 13.0 12.7 12.6 12.4 12.3 12.1 12.0 9.6 6.9 5.0 3.6 F321F321 … S32100 18Cr–10Ni–Ti 8 (9) (10) 75 30 1.00 20.0 20.0 19.1 18.7 18.7 18.3 17.9 17.5 17.2 16.9 16.7 16.5 16.4 16.2 9.6 6.9 5.0 3.6 F321
A182 F321H … S32109 18Cr–10Ni–Ti 8 (12) 70 30 1.00 20.0 18.0 16.5 15.3 14.3 13.5 13.2 13.0 12.7 12.6 12.4 12.3 12.1 12.0 11.9 9.1 6.9 5.4 F321H A182F321H … S32109 18Cr–10Ni–Ti 8 (9) (12) 70 30 1.00 20.0 19.0 17.8 17.5 17.5 17.5 17.5 17.5 17.2 16.9 16.7 16.5 16.4 16.2 12.3 9.1 6.9 5.4 F321HF321H … S32109 18Cr–10Ni–Ti 8 … 75 30 1.00 20.0 18.0 16.5 15.3 14.3 13.5 13.2 13.0 12.7 12.6 12.4 12.3 12.1 12.0 11.9 9.1 6.9 5.4 F321HF321H … S32109 18Cr–10Ni–Ti 8 (9) 75 30 1.00 20.0 20.0 19.1 18.7 18.7 18.3 17.9 17.5 17.2 16.9 16.7 16.5 16.4 16.2 12.3 9.1 6.9 5.4 F321H
A182 F347 … S34700 18Cr–10Ni–Cb 8 (12) 70 30 1.00 20.0 18.4 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 13.4 13.4 13.4 12.1 9.1 6.1 4.4 F347 A182F347 … S34700 18Cr–10Ni–Cb 8 (9) (12) 70 30 1.00 20.0 19.1 17.6 16.6 16.0 15.8 15.7 15.7 15.7 15.7 15.7 15.6 15.5 15.3 12.1 9.1 6.1 4.4 F347
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Spec.
No.

Type or
Grade Class

UNS
Alloy
No.

Nominal
Composition

P-
No. Notes

Specified
Minimum
Tensile,
ksi

Specified
Minimum
Yield,
ksi

E
or
F

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding
Type
or

Grade
Spec.
No.100 200 300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200

Forgings: Austenitic   (Cont’d) Forgings: Austenitic (Cont’d)F347 … S34700 18Cr–10Ni–Cb 8 (10) 75 30 1.00 20.0 18.4 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 13.4 13.4 13.4 12.1 9.1 6.1 4.4 F347F347 … S34700 18Cr–10Ni–Cb 8 (9) (10) 75 30 1.00 20.0 20.0 18.8 17.8 17.2 16.9 16.8 16.8 16.8 16.8 16.8 16.7 16.6 16.0 12.1 9.1 6.1 4.4 F347
A182 F347H … S34709 18Cr–10Ni–Cb 8 (12) 70 30 1.00 20.0 18.4 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 13.4 13.4 13.4 13.4 13.3 10.5 7.9 F347H A182F347H … S34709 18Cr–10Ni–Cb 8 (9) (12) 70 30 1.00 20.0 19.1 17.6 16.6 16.0 15.7 15.7 15.7 15.7 15.7 15.7 15.6 15.5 15.3 15.1 14.1 10.5 7.9 F347HF347H … S34709 18Cr–10Ni–Cb 8 … 75 30 1.00 20.0 18.4 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 13.4 13.4 13.4 13.4 13.3 10.5 7.9 F347HF347H … S34709 18Cr–10Ni–Cb 8 (9) 75 30 1.00 20.0 20.0 18.8 17.8 17.1 16.9 16.8 16.8 16.8 16.8 16.8 16.7 16.6 16.4 16.2 14.1 10.5 7.9 F347H
A182 F348 … S34800 18Cr–10Ni–Cb 8 (12) 70 30 1.00 20.0 18.4 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 13.4 13.4 13.4 12.1 9.1 6.1 4.4 F348 A182F348 … S34800 18Cr–10Ni–Cb 8 (9) (12) 70 30 1.00 20.0 19.1 17.6 16.6 16.0 15.8 15.7 15.7 15.7 15.7 15.7 15.6 15.5 15.3 12.1 9.1 6.1 4.4 F348F348 … S34800 18Cr–10Ni–Cb 8 (10) 75 30 1.00 20.0 18.4 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 13.4 13.4 13.4 12.1 9.1 6.1 4.4 F348F348 … S34800 18Cr–10Ni–Cb 8 (9) (10) 75 30 1.00 20.0 20.0 18.8 17.8 17.2 16.9 16.8 16.8 16.8 16.8 16.8 16.7 16.6 16.0 12.1 9.1 6.1 4.4 F348
A182 F348H … S34809 18Cr–10Ni–Cb 8 (12) 70 30 1.00 20.0 18.4 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 13.4 13.4 13.4 13.4 13.3 10.5 7.9 F348H A182F348H … S34809 18Cr–10Ni–Cb 8 (9) (12) 70 30 1.00 20.0 19.1 17.6 16.6 16.0 15.7 15.7 15.7 15.7 15.7 15.7 15.6 15.5 15.3 15.1 14.1 10.5 7.9 F348HF348H … S34809 18Cr–10Ni–Cb 8 … 75 30 1.00 20.0 18.4 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 13.4 13.4 13.4 13.4 13.3 10.5 7.9 F348HF348H … S34809 18Cr–10Ni–Cb 8 (9) 75 30 1.00 20.0 20.0 18.8 17.8 17.1 16.9 16.8 16.8 16.8 16.8 16.8 16.7 16.6 16.4 16.2 14.1 10.5 7.9 F348H
A965 F304 … S30400 18Cr–8Ni 8 (10) 70 30 1.00 20.0 16.7 15.0 13.8 12.9 12.3 12.0 11.7 11.5 11.2 11.0 10.8 10.6 10.4 10.1 9.8 7.7 6.1 F304 A965F304 … S30400 18Cr–8NI 8 (9) (10) 70 30 1.00 20.0 20.0 18.9 18.3 17.5 16.6 16.2 15.8 15.5 15.2 14.9 14.6 14.3 14.0 12.4 9.8 7.7 6.1 F304F304H … S30409 18Cr–8Ni 8 … 70 30 1.00 20.0 16.7 15.0 13.8 12.9 12.3 12.0 11.7 11.5 11.2 11.0 10.8 10.6 10.4 10.1 9.8 7.7 6.1 F304HF304H … S30409 18Cr–8NI 8 (9) 70 30 1.00 20.0 18.9 17.7 17.1 16.9 16.6 16.2 15.8 15.5 15.2 14.9 14.6 14.3 14.0 12.4 9.8 7.7 6.1 F304H
A965 F316 … S31600 16Cr–12Ni–2Mo 8 (10) 70 30 1.00 20.0 17.3 15.6 14.3 13.3 12.6 12.3 12.1 11.9 11.8 11.6 11.5 11.4 11.3 11.2 11.1 9.8 7.4 F316 A965F316 … S31600 16Cr–12Ni–2Mo 8 (9) (10) 70 30 1.00 20.0 20.0 19.4 19.2 18.0 17.0 16.6 16.3 16.1 15.9 15.7 15.6 15.4 15.3 15.1 12.4 9.8 7.4 F316F316H … S31609 16Cr–12Ni–2Mo 8 … 70 30 1.00 20.0 17.3 15.6 14.3 13.3 12.6 12.3 12.1 11.9 11.8 11.6 11.5 11.4 11.3 11.2 11.1 9.8 7.4 F316HF316H … S31609 16Cr–12Ni–2Mo 8 (9) 70 30 1.00 20.0 20.0 19.4 19.2 18.0 17.0 16.6 16.3 16.1 15.9 15.7 15.6 15.4 15.3 15.1 12.4 9.8 7.4 F316H
A965 F321 … S32100 18Cr–10Ni–Ti 8 (10) 70 30 1.00 20.0 18.0 16.5 15.3 14.3 13.5 13.2 13.0 12.7 12.6 12.4 12.3 12.1 12.0 9.6 6.9 5.0 3.6 F321 A965F321 … S32100 18Cr–10Ni–Ti 8 (9) (10) 70 30 1.00 20.0 19.0 17.8 17.5 17.5 17.5 17.5 17.5 17.2 16.9 16.7 16.5 16.4 16.2 9.6 6.9 5.0 3.6 F321F321H … S32109 18Cr–10Ni–Ti 8 … 70 30 1.00 20.0 18.0 16.5 15.3 14.3 13.5 13.2 13.0 12.7 12.6 12.4 12.3 12.1 12.0 11.9 9.1 6.9 5.4 F321HF321H … S32109 18Cr–10Ni–Ti 8 (9) 70 30 1.00 20.0 19.0 17.8 17.5 17.5 17.5 17.5 17.5 17.2 16.9 16.7 16.5 16.4 16.2 12.3 9.1 6.9 5.4 F321H
A965 F347 … S34700 18Cr–10Ni–Cb 8 (10) 70 30 1.00 20.0 18.4 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 13.4 13.4 13.4 12.1 9.1 6.1 4.4 F347 A965F347 … S34700 18Cr–10Ni–Cb 8 (9) (10) 70 30 1.00 20.0 19.1 17.6 16.6 16.0 15.8 15.7 15.7 15.7 15.7 15.7 15.6 15.5 15.3 12.1 9.1 6.1 4.4 F347F347H … S34709 18Cr–10Ni–Cb 8 … 70 30 1.00 20.0 18.4 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 13.4 13.4 13.4 13.4 13.3 10.5 7.9 F347HF347H … S34709 18Cr–10Ni–Cb 8 (9) 70 30 1.00 20.0 19.1 17.6 16.6 16.0 15.7 15.7 15.7 15.7 15.7 15.7 15.6 15.5 15.3 15.1 14.1 10.5 7.9 F347H
Forgings: Ferritic/Martensitic Forgings: Ferritic/MartensiticA182 FXM-27Cb … S44627 27Cr–1Mo 10I (2) 60 35 1.00 17.1 17.1 16.6 16.1 16.1 16.1 16.1 … … … … … … … … … … … FXM-27Cb A182
A336 FXM-27Cb … S44627 27Cr–1Mo 10I (2) 60 35 1.00 17.1 17.1 16.6 16.1 16.1 16.1 16.1 … … … … … … … … … … … FXM-27Cb A336
Forgings: Ferritic/Austenitic Forgings: Ferritic/AusteniticA182 F51 … S31803 22Cr–5.5Ni–3Mo–N 10H (1) (23) (24) 90 65 1.00 25.7 25.7 24.8 23.9 23.3 23.1 … … … … … … … … … … … … F51 A182F60 … S32205 22Cr–5.5Ni–3Mo–N 10H (1) (23) (24) 95 70 1.00 27.1 27.1 26.2 25.2 24.6 24.3 … … … … … … … … … … … … F60
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Spec.
No.

Type or
Grade Class

UNS
Alloy
No.

Nominal
Composition

P-
No. Notes

Specified
Minimum
Tensile,
ksi

Specified
Minimum
Yield,
ksi

E
or
F

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding
Type
or

Grade
Spec.
No.100 200 300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200

Forgings: Austenitic Forgings: Austenitic (Cont’d)F347 … S34700 18Cr–10Ni–Cb 8 (10) 75 30 1.00 20.0 18.4 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 13.4 13.4 13.4 12.1 9.1 6.1 4.4 F347F347 … S34700 18Cr–10Ni–Cb 8 (9) (10) 75 30 1.00 20.0 20.0 18.8 17.8 17.2 16.9 16.8 16.8 16.8 16.8 16.8 16.7 16.6 16.0 12.1 9.1 6.1 4.4 F347
A182 F347H … S34709 18Cr–10Ni–Cb 8 (12) 70 30 1.00 20.0 18.4 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 13.4 13.4 13.4 13.4 13.3 10.5 7.9 F347H A182F347H … S34709 18Cr–10Ni–Cb 8 (9) (12) 70 30 1.00 20.0 19.1 17.6 16.6 16.0 15.7 15.7 15.7 15.7 15.7 15.7 15.6 15.5 15.3 15.1 14.1 10.5 7.9 F347HF347H … S34709 18Cr–10Ni–Cb 8 … 75 30 1.00 20.0 18.4 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 13.4 13.4 13.4 13.4 13.3 10.5 7.9 F347HF347H … S34709 18Cr–10Ni–Cb 8 (9) 75 30 1.00 20.0 20.0 18.8 17.8 17.1 16.9 16.8 16.8 16.8 16.8 16.8 16.7 16.6 16.4 16.2 14.1 10.5 7.9 F347H
A182 F348 … S34800 18Cr–10Ni–Cb 8 (12) 70 30 1.00 20.0 18.4 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 13.4 13.4 13.4 12.1 9.1 6.1 4.4 F348 A182F348 … S34800 18Cr–10Ni–Cb 8 (9) (12) 70 30 1.00 20.0 19.1 17.6 16.6 16.0 15.8 15.7 15.7 15.7 15.7 15.7 15.6 15.5 15.3 12.1 9.1 6.1 4.4 F348F348 … S34800 18Cr–10Ni–Cb 8 (10) 75 30 1.00 20.0 18.4 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 13.4 13.4 13.4 12.1 9.1 6.1 4.4 F348F348 … S34800 18Cr–10Ni–Cb 8 (9) (10) 75 30 1.00 20.0 20.0 18.8 17.8 17.2 16.9 16.8 16.8 16.8 16.8 16.8 16.7 16.6 16.0 12.1 9.1 6.1 4.4 F348
A182 F348H … S34809 18Cr–10Ni–Cb 8 (12) 70 30 1.00 20.0 18.4 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 13.4 13.4 13.4 13.4 13.3 10.5 7.9 F348H A182F348H … S34809 18Cr–10Ni–Cb 8 (9) (12) 70 30 1.00 20.0 19.1 17.6 16.6 16.0 15.7 15.7 15.7 15.7 15.7 15.7 15.6 15.5 15.3 15.1 14.1 10.5 7.9 F348HF348H … S34809 18Cr–10Ni–Cb 8 … 75 30 1.00 20.0 18.4 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 13.4 13.4 13.4 13.4 13.3 10.5 7.9 F348HF348H … S34809 18Cr–10Ni–Cb 8 (9) 75 30 1.00 20.0 20.0 18.8 17.8 17.1 16.9 16.8 16.8 16.8 16.8 16.8 16.7 16.6 16.4 16.2 14.1 10.5 7.9 F348H
A965 F304 … S30400 18Cr–8Ni 8 (10) 70 30 1.00 20.0 16.7 15.0 13.8 12.9 12.3 12.0 11.7 11.5 11.2 11.0 10.8 10.6 10.4 10.1 9.8 7.7 6.1 F304 A965F304 … S30400 18Cr–8NI 8 (9) (10) 70 30 1.00 20.0 20.0 18.9 18.3 17.5 16.6 16.2 15.8 15.5 15.2 14.9 14.6 14.3 14.0 12.4 9.8 7.7 6.1 F304F304H … S30409 18Cr–8Ni 8 … 70 30 1.00 20.0 16.7 15.0 13.8 12.9 12.3 12.0 11.7 11.5 11.2 11.0 10.8 10.6 10.4 10.1 9.8 7.7 6.1 F304HF304H … S30409 18Cr–8NI 8 (9) 70 30 1.00 20.0 18.9 17.7 17.1 16.9 16.6 16.2 15.8 15.5 15.2 14.9 14.6 14.3 14.0 12.4 9.8 7.7 6.1 F304H
A965 F316 … S31600 16Cr–12Ni–2Mo 8 (10) 70 30 1.00 20.0 17.3 15.6 14.3 13.3 12.6 12.3 12.1 11.9 11.8 11.6 11.5 11.4 11.3 11.2 11.1 9.8 7.4 F316 A965F316 … S31600 16Cr–12Ni–2Mo 8 (9) (10) 70 30 1.00 20.0 20.0 19.4 19.2 18.0 17.0 16.6 16.3 16.1 15.9 15.7 15.6 15.4 15.3 15.1 12.4 9.8 7.4 F316F316H … S31609 16Cr–12Ni–2Mo 8 … 70 30 1.00 20.0 17.3 15.6 14.3 13.3 12.6 12.3 12.1 11.9 11.8 11.6 11.5 11.4 11.3 11.2 11.1 9.8 7.4 F316HF316H … S31609 16Cr–12Ni–2Mo 8 (9) 70 30 1.00 20.0 20.0 19.4 19.2 18.0 17.0 16.6 16.3 16.1 15.9 15.7 15.6 15.4 15.3 15.1 12.4 9.8 7.4 F316H
A965 F321 … S32100 18Cr–10Ni–Ti 8 (10) 70 30 1.00 20.0 18.0 16.5 15.3 14.3 13.5 13.2 13.0 12.7 12.6 12.4 12.3 12.1 12.0 9.6 6.9 5.0 3.6 F321 A965F321 … S32100 18Cr–10Ni–Ti 8 (9) (10) 70 30 1.00 20.0 19.0 17.8 17.5 17.5 17.5 17.5 17.5 17.2 16.9 16.7 16.5 16.4 16.2 9.6 6.9 5.0 3.6 F321F321H … S32109 18Cr–10Ni–Ti 8 … 70 30 1.00 20.0 18.0 16.5 15.3 14.3 13.5 13.2 13.0 12.7 12.6 12.4 12.3 12.1 12.0 11.9 9.1 6.9 5.4 F321HF321H … S32109 18Cr–10Ni–Ti 8 (9) 70 30 1.00 20.0 19.0 17.8 17.5 17.5 17.5 17.5 17.5 17.2 16.9 16.7 16.5 16.4 16.2 12.3 9.1 6.9 5.4 F321H
A965 F347 … S34700 18Cr–10Ni–Cb 8 (10) 70 30 1.00 20.0 18.4 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 13.4 13.4 13.4 12.1 9.1 6.1 4.4 F347 A965F347 … S34700 18Cr–10Ni–Cb 8 (9) (10) 70 30 1.00 20.0 19.1 17.6 16.6 16.0 15.8 15.7 15.7 15.7 15.7 15.7 15.6 15.5 15.3 12.1 9.1 6.1 4.4 F347F347H … S34709 18Cr–10Ni–Cb 8 … 70 30 1.00 20.0 18.4 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 13.4 13.4 13.4 13.4 13.3 10.5 7.9 F347HF347H … S34709 18Cr–10Ni–Cb 8 (9) 70 30 1.00 20.0 19.1 17.6 16.6 16.0 15.7 15.7 15.7 15.7 15.7 15.7 15.6 15.5 15.3 15.1 14.1 10.5 7.9 F347H
Forgings: Ferritic/Martensitic Forgings: Ferritic/MartensiticA182 FXM-27Cb … S44627 27Cr–1Mo 10I (2) 60 35 1.00 17.1 17.1 16.6 16.1 16.1 16.1 16.1 … … … … … … … … … … … FXM-27Cb A182
A336 FXM-27Cb … S44627 27Cr–1Mo 10I (2) 60 35 1.00 17.1 17.1 16.6 16.1 16.1 16.1 16.1 … … … … … … … … … … … FXM-27Cb A336
Forgings: Ferritic/Austenitic Forgings: Ferritic/AusteniticA182 F51 … S31803 22Cr–5.5Ni–3Mo–N 10H (1) (23) (24) 90 65 1.00 25.7 25.7 24.8 23.9 23.3 23.1 … … … … … … … … … … … … F51 A182F60 … S32205 22Cr–5.5Ni–3Mo–N 10H (1) (23) (24) 95 70 1.00 27.1 27.1 26.2 25.2 24.6 24.3 … … … … … … … … … … … … F60
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Spec.
No.

Type or
Grade Class

UNS
Alloy
No.

Nominal
Composition

P-
No. Notes

Specified
Minimum
Tensile,
ksi

Specified
Minimum
Yield,
ksi

E
or
F

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding
Type
or

Grade
Spec.
No.100 200 300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200

Forgings: Ferritic/Austenitic   (Cont’d) Forgings: Ferritic/Austenitic (Cont’d)F53 … S32750 25Cr–7Ni–4Mo–N 10H (1) (22) (23) 116 80 1.00 33.1 33.0 31.2 30.1 29.6 29.4 … … … … … … … … … … … … F53
Fittings (Seamless and Welded): Austenitic Fittings (Seamless and Welded): AusteniticA403 WP304 … S30400 18Cr–8Ni 8 (4) (7) (10) (11) 75 30 1.00 20.0 16.7 15.0 13.8 12.9 12.3 12.0 11.7 11.5 11.2 11.0 10.8 10.6 10.4 10.1 9.8 7.7 6.1 WP304 A403WP304 … S30400 18Cr–8Ni 8 (4) (7) (9) (10) (11) 75 30 1.00 20.0 20.0 18.9 18.3 17.5 16.6 16.2 15.8 15.5 15.2 14.9 14.6 14.3 14.0 12.4 9.8 7.7 6.1 WP304WP304H … S30409 18Cr–8Ni 8 (4) (7) (11) 75 30 1.00 20.0 16.7 15.0 13.8 12.9 12.3 12.0 11.7 11.5 11.2 11.0 10.8 10.6 10.4 10.1 9.8 7.7 6.1 WP304HWP304H … S30409 18Cr–8Ni 8 (4) (7) (9) (11) 75 30 1.00 20.0 20.0 18.9 18.3 17.5 16.6 16.2 15.8 15.5 15.2 14.9 14.6 14.3 14.0 12.4 9.8 7.7 6.1 WP304HA403 WP304L … S30403 18Cr–8Ni 8 (1) (7) (11) 70 25 1.00 16.7 14.3 12.8 11.7 10.9 10.4 10.2 10.0 9.8 9.7 … … … … … … … … WP304L A403WP304L … S30403 18Cr–8Ni 8 (1) (7) (9) (11) 70 25 1.00 16.7 16.7 16.7 15.8 14.7 14.0 13.7 13.5 13.3 13.0 … … … … … … … … WP304LWP304N … S30451 18Cr–8Ni–N 8 (1) (4) (7) (10) 80 35 1.00 22.9 19.1 16.7 15.1 14.0 13.3 13.0 12.8 12.5 12.3 12.1 11.8 11.6 11.3 11.0 9.8 7.7 6.1 WP304NWP304N … S30451 18Cr–8Ni–N 8 (1) (4) (7) (9) (10) 80 35 1.00 22.9 22.9 21.7 20.3 18.9 17.9 17.5 17.2 16.9 16.6 16.3 16.0 15.6 15.2 12.4 9.8 7.7 6.1 WP304NA403 WP309 … S30900 23Cr–12Ni 8 (1) (7) (10) (11) 75 30 1.00 20.0 17.5 16.1 15.1 14.4 13.9 13.7 13.5 13.3 13.1 12.9 12.7 12.5 9.9 7.1 5.0 3.6 2.5 WP309 A403WP309 … S30900 23Cr–12Ni 8 (1) (7) (9) (10) (11) 75 30 1.00 20.0 20.0 20.0 20.0 19.4 18.8 18.5 18.2 18.0 17.7 17.5 17.2 15.9 9.9 7.1 5.0 3.6 2.5 WP309WP310 … S31000 23Cr–20Ni 8 (1) (7) (10) (11) (14) 75 30 1.00 20.0 17.6 16.1 15.1 14.3 13.7 13.5 13.3 13.1 12.9 12.7 12.5 12.3 9.9 7.1 5.0 3.6 2.5 WP310WP310 … S31000 23Cr–20Ni 8 (1) (7) (9) (10) (11) (14) 75 30 1.00 20.0 20.0 20.0 19.9 19.3 18.5 18.2 17.9 17.7 17.4 17.2 16.9 15.9 9.9 7.1 5.0 3.6 2.5 WP310WP310 … S31000 23Cr–20Ni 8 (1) (7) (10) (11) (15) 75 30 1.00 20.0 17.6 16.1 15.1 14.3 13.7 13.5 13.3 13.1 12.9 12.7 12.5 12.3 9.9 7.1 5.0 3.6 2.5 WP310WP310 … S31000 23Cr–20Ni 8 (1) (7) (9) (10) (11) (15) 75 30 1.00 20.0 20.0 20.0 19.9 19.3 18.5 18.2 17.9 17.7 17.4 17.2 16.9 15.9 9.9 7.1 5.0 3.6 2.5 WP310A403 WPS31254 … S31254 20Cr–18Ni–6Mo 8 (1) (7) 94 44 1.00 26.9 23.9 21.4 19.8 18.6 17.9 17.6 17.4 17.3 … … … … … … … … … WPS31254 A403WPS31254 … S31254 20Cr–18Ni–6Mo 8 (1) (7) (9) 94 44 1.00 26.9 26.9 25.5 24.3 23.5 23.0 22.8 22.7 22.6 … … … … … … … … … WPS31254A403 WP316 … S31600 16Cr–12Ni–2Mo 8 (4) (7) (10) (11) 75 30 1.00 20.0 17.3 15.6 14.3 13.3 12.6 12.3 12.1 11.9 11.8 11.6 11.5 11.4 11.3 11.2 11.1 9.8 7.4 WP316 A403WP316 … S31600 16Cr–12Ni–2Mo 8 (4) (7) (9) (10) (11) 75 30 1.00 20.0 20.0 20.0 19.3 18.0 17.0 16.6 16.3 16.1 15.9 15.7 15.6 15.4 15.3 15.1 12.4 9.8 7.4 WP316WP316H … S31609 16Cr–12Ni–2Mo 8 (4) (7) (11) 75 30 1.00 20.0 17.3 15.6 14.3 13.3 12.6 12.3 12.1 11.9 11.8 11.6 11.5 11.4 11.3 11.2 11.1 9.8 7.4 WP316HWP316H … S31609 16Cr–12Ni–2Mo 8 (4) (7) (9) (11) 75 30 1.00 20.0 20.0 20.0 19.3 18.0 17.0 16.6 16.3 16.1 15.9 15.7 15.6 15.4 15.3 15.1 12.4 9.8 7.4 WP316HA403 WP316L … S31603 16Cr–12Ni–2Mo 8 (1) (7) (11) (29) 70 25 1.00 16.7 14.1 12.7 11.7 10.9 10.4 10.2 10.0 9.8 9.6 9.4 9.2 9.0 8.8 8.6 8.4 8.3 6.4 WP316L A403WP316L … S31603 16Cr–12Ni–2Mo 8 (1) (7) (9) (11) (29) 70 25 1.00 16.7 16.7 16.0 15.6 14.8 14.0 13.8 13.5 13.2 13.0 12.7 12.4 12.1 11.9 11.6 11.4 8.8 6.4 WP316LWP316N … S31651 16Cr–12Ni–2Mo–N 8 (1) (7) (10) 80 35 1.00 22.9 20.7 19.0 17.6 16.5 15.6 15.2 14.9 14.5 14.2 13.9 13.7 13.4 13.2 12.9 12.3 9.8 7.4 WP316NWP316N … S31651 16Cr–12Ni–2Mo–N 8 (1) (7) (9) (10) 80 35 1.00 22.9 22.9 22.0 21.5 21.2 21.0 20.5 20.0 19.6 19.2 18.8 18.5 18.1 17.8 15.8 12.3 9.8 7.4 WP316NWPS31726 … S31726 19Cr–15.5Ni–4Mo 8 (1) 80 35 1.00 22.9 20.0 17.9 16.3 15.3 14.6 … … … … … … … … … … … … WPS31726WPS31726 … S31726 19Cr–15.5Ni–4Mo 8 (1) (9) 80 35 1.00 22.9 21.8 20.9 20.5 20.3 19.7 … … … … … … … … … … … … WPS31726A403 WP317 … S31700 18Cr–13Ni–3Mo 8 (1) (7) (10) (11) 75 30 1.00 20.0 17.3 15.6 14.3 13.3 12.6 12.3 12.1 11.9 11.8 11.6 11.5 11.4 11.3 11.2 11.1 9.8 7.4 WP317 A403WP317 … S31700 18Cr–13Ni–3Mo 8 (1) (7) (9) (10) (11) 75 30 1.00 20.0 20.0 20.0 19.3 18.0 17.0 16.6 16.3 16.1 15.9 15.7 15.6 15.4 15.3 15.1 12.4 9.8 7.4 WP317WP321 … S32100 18Cr–10Ni–Ti 8 (4) (7) (10) (11) 75 30 1.00 20.0 18.0 16.5 15.3 14.3 13.5 13.2 13.0 12.7 12.6 12.4 12.3 12.1 12.0 9.6 6.9 5.0 3.6 WP321WP321 … S32100 18Cr–10Ni–Ti 8 (4) (7) (9) (10) (11) 75 30 1.00 20.0 20.0 19.1 18.7 18.7 18.3 17.9 17.5 17.2 16.9 16.7 16.5 16.4 16.2 9.6 6.9 5.0 3.6 WP321WP321H … S32109 18Cr–10Ni–Ti 8 (4) (7) (11) 75 30 1.00 20.0 18.0 16.5 15.3 14.3 13.5 13.2 13.0 12.7 12.6 12.4 12.3 12.1 12.0 11.9 9.1 6.9 5.4 WP321HWP321H … S32109 18Cr–10Ni–Ti 8 (4) (7) (9) (11) 75 30 1.00 20.0 20.0 19.1 18.7 18.7 18.3 17.9 17.5 17.2 16.9 16.7 16.5 16.4 16.2 12.3 9.1 6.9 5.4 WP321HA403 WP347 … S34700 18Cr–10Ni–Cb 8 (4) (7) (10) (11) 75 30 1.00 20.0 18.4 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 13.4 13.4 13.4 12.1 9.1 6.1 4.4 WP347 A403WP347 … S34700 18Cr–10Ni–Cb 8 (4) (7) (9) (10) (11) 75 30 1.00 20.0 20.0 18.8 17.8 17.2 16.9 16.8 16.8 16.8 16.8 16.8 16.7 16.6 16.0 12.1 9.1 6.1 4.4 WP347WP347H … S34709 18Cr–10Ni–Cb 8 (4) (7) (11) 75 30 1.00 20.0 18.4 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 13.4 13.4 13.4 13.4 13.3 10.5 7.9 WP347HWP347H … S34709 18Cr–10Ni–Cb 8 (4) (7) (9) (11) 75 30 1.00 20.0 20.0 18.8 17.8 17.1 16.9 16.8 16.8 16.8 16.8 16.8 16.7 16.6 16.4 16.2 14.1 10.5 7.9 WP347H
A403 WP348 … S34800 18Cr–10Ni–Cb 8 (4) (7) (10) (11) 75 30 1.00 20.0 18.4 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 13.4 13.4 13.4 12.1 9.1 6.1 4.4 WP348 A403WP348 … S34800 18Cr–10Ni–Cb 8 (4) (7) (9) (10) (11) 75 30 1.00 20.0 20.0 18.8 17.8 17.2 16.9 16.8 16.8 16.8 16.8 16.8 16.7 16.6 16.0 12.1 9.1 6.1 4.4 WP348
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Spec.
No.

Type or
Grade Class

UNS
Alloy
No.

Nominal
Composition

P-
No. Notes

Specified
Minimum
Tensile,
ksi

Specified
Minimum
Yield,
ksi

E
or
F

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding
Type
or

Grade
Spec.
No.100 200 300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200

Forgings: Ferritic/Austenitic Forgings: Ferritic/Austenitic (Cont’d)F53 … S32750 25Cr–7Ni–4Mo–N 10H (1) (22) (23) 116 80 1.00 33.1 33.0 31.2 30.1 29.6 29.4 … … … … … … … … … … … … F53
Fittings (Seamless and Welded): Austenitic Fittings (Seamless and Welded): AusteniticA403 WP304 … S30400 18Cr–8Ni 8 (4) (7) (10) (11) 75 30 1.00 20.0 16.7 15.0 13.8 12.9 12.3 12.0 11.7 11.5 11.2 11.0 10.8 10.6 10.4 10.1 9.8 7.7 6.1 WP304 A403WP304 … S30400 18Cr–8Ni 8 (4) (7) (9) (10) (11) 75 30 1.00 20.0 20.0 18.9 18.3 17.5 16.6 16.2 15.8 15.5 15.2 14.9 14.6 14.3 14.0 12.4 9.8 7.7 6.1 WP304WP304H … S30409 18Cr–8Ni 8 (4) (7) (11) 75 30 1.00 20.0 16.7 15.0 13.8 12.9 12.3 12.0 11.7 11.5 11.2 11.0 10.8 10.6 10.4 10.1 9.8 7.7 6.1 WP304HWP304H … S30409 18Cr–8Ni 8 (4) (7) (9) (11) 75 30 1.00 20.0 20.0 18.9 18.3 17.5 16.6 16.2 15.8 15.5 15.2 14.9 14.6 14.3 14.0 12.4 9.8 7.7 6.1 WP304HA403 WP304L … S30403 18Cr–8Ni 8 (1) (7) (11) 70 25 1.00 16.7 14.3 12.8 11.7 10.9 10.4 10.2 10.0 9.8 9.7 … … … … … … … … WP304L A403WP304L … S30403 18Cr–8Ni 8 (1) (7) (9) (11) 70 25 1.00 16.7 16.7 16.7 15.8 14.7 14.0 13.7 13.5 13.3 13.0 … … … … … … … … WP304LWP304N … S30451 18Cr–8Ni–N 8 (1) (4) (7) (10) 80 35 1.00 22.9 19.1 16.7 15.1 14.0 13.3 13.0 12.8 12.5 12.3 12.1 11.8 11.6 11.3 11.0 9.8 7.7 6.1 WP304NWP304N … S30451 18Cr–8Ni–N 8 (1) (4) (7) (9) (10) 80 35 1.00 22.9 22.9 21.7 20.3 18.9 17.9 17.5 17.2 16.9 16.6 16.3 16.0 15.6 15.2 12.4 9.8 7.7 6.1 WP304NA403 WP309 … S30900 23Cr–12Ni 8 (1) (7) (10) (11) 75 30 1.00 20.0 17.5 16.1 15.1 14.4 13.9 13.7 13.5 13.3 13.1 12.9 12.7 12.5 9.9 7.1 5.0 3.6 2.5 WP309 A403WP309 … S30900 23Cr–12Ni 8 (1) (7) (9) (10) (11) 75 30 1.00 20.0 20.0 20.0 20.0 19.4 18.8 18.5 18.2 18.0 17.7 17.5 17.2 15.9 9.9 7.1 5.0 3.6 2.5 WP309WP310 … S31000 23Cr–20Ni 8 (1) (7) (10) (11) (14) 75 30 1.00 20.0 17.6 16.1 15.1 14.3 13.7 13.5 13.3 13.1 12.9 12.7 12.5 12.3 9.9 7.1 5.0 3.6 2.5 WP310WP310 … S31000 23Cr–20Ni 8 (1) (7) (9) (10) (11) (14) 75 30 1.00 20.0 20.0 20.0 19.9 19.3 18.5 18.2 17.9 17.7 17.4 17.2 16.9 15.9 9.9 7.1 5.0 3.6 2.5 WP310WP310 … S31000 23Cr–20Ni 8 (1) (7) (10) (11) (15) 75 30 1.00 20.0 17.6 16.1 15.1 14.3 13.7 13.5 13.3 13.1 12.9 12.7 12.5 12.3 9.9 7.1 5.0 3.6 2.5 WP310WP310 … S31000 23Cr–20Ni 8 (1) (7) (9) (10) (11) (15) 75 30 1.00 20.0 20.0 20.0 19.9 19.3 18.5 18.2 17.9 17.7 17.4 17.2 16.9 15.9 9.9 7.1 5.0 3.6 2.5 WP310A403 WPS31254 … S31254 20Cr–18Ni–6Mo 8 (1) (7) 94 44 1.00 26.9 23.9 21.4 19.8 18.6 17.9 17.6 17.4 17.3 … … … … … … … … … WPS31254 A403WPS31254 … S31254 20Cr–18Ni–6Mo 8 (1) (7) (9) 94 44 1.00 26.9 26.9 25.5 24.3 23.5 23.0 22.8 22.7 22.6 … … … … … … … … … WPS31254A403 WP316 … S31600 16Cr–12Ni–2Mo 8 (4) (7) (10) (11) 75 30 1.00 20.0 17.3 15.6 14.3 13.3 12.6 12.3 12.1 11.9 11.8 11.6 11.5 11.4 11.3 11.2 11.1 9.8 7.4 WP316 A403WP316 … S31600 16Cr–12Ni–2Mo 8 (4) (7) (9) (10) (11) 75 30 1.00 20.0 20.0 20.0 19.3 18.0 17.0 16.6 16.3 16.1 15.9 15.7 15.6 15.4 15.3 15.1 12.4 9.8 7.4 WP316WP316H … S31609 16Cr–12Ni–2Mo 8 (4) (7) (11) 75 30 1.00 20.0 17.3 15.6 14.3 13.3 12.6 12.3 12.1 11.9 11.8 11.6 11.5 11.4 11.3 11.2 11.1 9.8 7.4 WP316HWP316H … S31609 16Cr–12Ni–2Mo 8 (4) (7) (9) (11) 75 30 1.00 20.0 20.0 20.0 19.3 18.0 17.0 16.6 16.3 16.1 15.9 15.7 15.6 15.4 15.3 15.1 12.4 9.8 7.4 WP316HA403 WP316L … S31603 16Cr–12Ni–2Mo 8 (1) (7) (11) (29) 70 25 1.00 16.7 14.1 12.7 11.7 10.9 10.4 10.2 10.0 9.8 9.6 9.4 9.2 9.0 8.8 8.6 8.4 8.3 6.4 WP316L A403WP316L … S31603 16Cr–12Ni–2Mo 8 (1) (7) (9) (11) (29) 70 25 1.00 16.7 16.7 16.0 15.6 14.8 14.0 13.8 13.5 13.2 13.0 12.7 12.4 12.1 11.9 11.6 11.4 8.8 6.4 WP316LWP316N … S31651 16Cr–12Ni–2Mo–N 8 (1) (7) (10) 80 35 1.00 22.9 20.7 19.0 17.6 16.5 15.6 15.2 14.9 14.5 14.2 13.9 13.7 13.4 13.2 12.9 12.3 9.8 7.4 WP316NWP316N … S31651 16Cr–12Ni–2Mo–N 8 (1) (7) (9) (10) 80 35 1.00 22.9 22.9 22.0 21.5 21.2 21.0 20.5 20.0 19.6 19.2 18.8 18.5 18.1 17.8 15.8 12.3 9.8 7.4 WP316NWPS31726 … S31726 19Cr–15.5Ni–4Mo 8 (1) 80 35 1.00 22.9 20.0 17.9 16.3 15.3 14.6 … … … … … … … … … … … … WPS31726WPS31726 … S31726 19Cr–15.5Ni–4Mo 8 (1) (9) 80 35 1.00 22.9 21.8 20.9 20.5 20.3 19.7 … … … … … … … … … … … … WPS31726A403 WP317 … S31700 18Cr–13Ni–3Mo 8 (1) (7) (10) (11) 75 30 1.00 20.0 17.3 15.6 14.3 13.3 12.6 12.3 12.1 11.9 11.8 11.6 11.5 11.4 11.3 11.2 11.1 9.8 7.4 WP317 A403WP317 … S31700 18Cr–13Ni–3Mo 8 (1) (7) (9) (10) (11) 75 30 1.00 20.0 20.0 20.0 19.3 18.0 17.0 16.6 16.3 16.1 15.9 15.7 15.6 15.4 15.3 15.1 12.4 9.8 7.4 WP317WP321 … S32100 18Cr–10Ni–Ti 8 (4) (7) (10) (11) 75 30 1.00 20.0 18.0 16.5 15.3 14.3 13.5 13.2 13.0 12.7 12.6 12.4 12.3 12.1 12.0 9.6 6.9 5.0 3.6 WP321WP321 … S32100 18Cr–10Ni–Ti 8 (4) (7) (9) (10) (11) 75 30 1.00 20.0 20.0 19.1 18.7 18.7 18.3 17.9 17.5 17.2 16.9 16.7 16.5 16.4 16.2 9.6 6.9 5.0 3.6 WP321WP321H … S32109 18Cr–10Ni–Ti 8 (4) (7) (11) 75 30 1.00 20.0 18.0 16.5 15.3 14.3 13.5 13.2 13.0 12.7 12.6 12.4 12.3 12.1 12.0 11.9 9.1 6.9 5.4 WP321HWP321H … S32109 18Cr–10Ni–Ti 8 (4) (7) (9) (11) 75 30 1.00 20.0 20.0 19.1 18.7 18.7 18.3 17.9 17.5 17.2 16.9 16.7 16.5 16.4 16.2 12.3 9.1 6.9 5.4 WP321HA403 WP347 … S34700 18Cr–10Ni–Cb 8 (4) (7) (10) (11) 75 30 1.00 20.0 18.4 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 13.4 13.4 13.4 12.1 9.1 6.1 4.4 WP347 A403WP347 … S34700 18Cr–10Ni–Cb 8 (4) (7) (9) (10) (11) 75 30 1.00 20.0 20.0 18.8 17.8 17.2 16.9 16.8 16.8 16.8 16.8 16.8 16.7 16.6 16.0 12.1 9.1 6.1 4.4 WP347WP347H … S34709 18Cr–10Ni–Cb 8 (4) (7) (11) 75 30 1.00 20.0 18.4 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 13.4 13.4 13.4 13.4 13.3 10.5 7.9 WP347HWP347H … S34709 18Cr–10Ni–Cb 8 (4) (7) (9) (11) 75 30 1.00 20.0 20.0 18.8 17.8 17.1 16.9 16.8 16.8 16.8 16.8 16.8 16.7 16.6 16.4 16.2 14.1 10.5 7.9 WP347H
A403 WP348 … S34800 18Cr–10Ni–Cb 8 (4) (7) (10) (11) 75 30 1.00 20.0 18.4 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 13.4 13.4 13.4 12.1 9.1 6.1 4.4 WP348 A403WP348 … S34800 18Cr–10Ni–Cb 8 (4) (7) (9) (10) (11) 75 30 1.00 20.0 20.0 18.8 17.8 17.2 16.9 16.8 16.8 16.8 16.8 16.8 16.7 16.6 16.0 12.1 9.1 6.1 4.4 WP348
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Spec.
No.

Type or
Grade Class

UNS
Alloy
No.

Nominal
Composition

P-
No. Notes

Specified
Minimum
Tensile,
ksi

Specified
Minimum
Yield,
ksi

E
or
F

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding
Type
or

Grade
Spec.
No.100 200 300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200

Fittings (Seamless and Welded): Austenitic (Cont’d)8 (4) (7) (11) 75 30 1.00 20.0 18.4 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 13.4 13.4 13.4 13.4 13.3 10.5 7.9 WP348HFittings (Seamless and Welded): Austenitic   (Cont’d) WP348H … S34809 18Cr–10Ni–Cb WP348H … S34809 18Cr–10Ni–Cb 8 (4) (7) (9) (11) 75 30 1.00 20.0 20.0 18.8 17.8 17.1 16.9 16.8 16.8 16.8 16.8 16.8 16.7 16.6 16.4 16.2 14.1 10.5 7.9 WP348H
Fittings (Seamless and Welded): Ferritic/Austenitic Fittings (Seamless and Welded): Ferritic/AusteniticA815 S31803 … S31803 22Cr–5.5Ni–3Mo–N 10H (1) (23) (24) 90 65 1.00 25.7 25.7 24.8 23.9 23.3 23.1 … … … … … … … … … … … … S31803 A815S32101 … S32101 21Cr–5Mn–1.5Ni–Cu–N 10H (1) (23) (24) 94 65 1.00 26.9 26.9 25.6 24.7 24.7 24.7 … … … … … … … … … … … … S32101S32205 … S32205 22Cr–5.5Ni–3Mo–N 10H (1) (23) (24) 95 70 1.00 27.1 27.1 26.2 25.2 24.6 24.3 … … … … … … … … … … … … S32205S32101 … S32101 21Cr–5Mn–1.5Ni–Cu–N 10H (1) (23) (24) 101 77 1.00 28.9 28.9 27.5 26.5 26.5 26.5 … … … … … … … … … … … … S32101
Castings: Austenitic Castings: AusteniticA351 CF3 … J92500 18Cr–8Ni 8 (1) (5) (17) 70 30 0.80 16.0 13.3 12.0 11.0 10.4 9.8 9.6 9.4 9.2 9.0 … … … … … … … … CF3 A351CF3 … J92500 18Cr–8Ni 8 (1) (5) (9) (17) 70 30 0.80 16.0 15.2 14.1 13.7 13.5 13.3 13.0 12.7 12.4 12.1 … … … … … … … … CF3CF3A … J92500 18Cr–8Ni 8 (1) (5) (17) 77.5 35 0.80 17.7 15.6 14.0 12.9 12.1 11.5 11.2 10.9 … … … … … … … … … … CF3ACF3A … J92500 18Cr–8Ni 8 (1) (5) (9) (17) 77.5 35 0.80 17.7 16.8 15.6 15.1 15.0 15.0 15.0 14.8 … … … … … … … … … … CF3ACF3M … J92800 18Cr–12Ni–2Mo 8 (1) (5) (13) (17) 70 30 0.80 16.0 13.8 12.4 11.4 10.6 10.1 9.8 9.7 9.5 9.4 9.3 … … … … … … … CF3MCF3M … J92800 18Cr–12Ni–2Mo 8 (1) (5) (9) (13) (17) 70 30 0.80 16.0 16.0 15.5 15.4 14.3 13.6 13.3 13.0 12.8 12.7 12.5 … … … … … … … CF3MA351 CF8 … J92600 18Cr–8Ni 8 (5) (10) (17) 70 30 0.80 16.0 13.3 12.0 11.0 10.4 9.8 9.6 9.4 9.2 9.0 8.8 8.6 8.5 8.3 7.6 6.0 4.8 3.8 CF8 A351CF8 … J92600 18Cr–8Ni 8 (5) (9) (10) (17) 70 30 0.80 16.0 15.2 14.1 13.7 13.5 13.3 13.0 12.7 12.4 12.1 11.9 11.7 11.4 9.8 7.6 6.0 4.8 3.8 CF8CF8C … J92710 18Cr–10Ni–Cb 8 (1) (5) (10) (17) 70 30 0.80 16.0 13.3 12.0 11.0 10.4 9.8 9.6 9.4 9.2 9.0 8.8 8.6 8.5 8.3 8.1 7.3 4.9 3.6 CF8CCF8C … J92710 18Cr–10Ni–Cb 8 (1) (5) (9) (10) (17) 70 30 0.80 16.0 15.2 14.1 13.7 13.5 13.3 13.0 12.7 12.4 12.1 11.9 11.7 11.4 11.2 9.7 7.3 4.9 3.6 CF8CCF8M … J92900 16Cr–12Ni–2Mo 8 (5) (13) (17) 70 30 0.80 16.0 13.8 12.4 11.4 10.6 10.1 9.8 9.7 9.5 9.4 9.3 9.2 9.1 9.1 9.0 7.1 5.5 4.3 CF8MCF8M … J92900 16Cr–12Ni–2Mo 8 (5) (9) (13) (17) 70 30 0.80 16.0 16.0 15.5 15.4 14.3 13.6 13.3 13.0 12.8 12.7 12.5 12.4 12.3 11.9 9.2 7.1 5.5 4.3 CF8M
A351 CH8 … J93400 25Cr–12Ni 8 (1) (5) (10) (17) 65 28 0.80 14.9 12.2 11.3 10.8 10.5 10.1 9.9 9.7 9.4 9.1 8.8 8.5 8.2 7.9 6.8 5.2 4.0 3.0 CH8 A351CH8 … J93400 25Cr–12Ni 8 (1) (5) (9) (10) (17) 65 28 0.80 14.9 13.6 12.7 12.3 12.3 12.3 12.3 12.2 12.0 11.8 11.5 11.1 10.6 8.9 6.8 5.2 4.0 3.0 CH8CH20 … J93402 25Cr–12Ni 8 (1) (5) (10) (17) 70 30 0.80 16.0 13.1 12.1 11.6 11.2 10.8 10.6 10.4 10.1 9.8 9.5 9.1 8.8 8.5 6.8 5.2 4.0 3.0 CH20CH20 … J93402 25Cr–12Ni 8 (1) (5) (9) (10) (17) 70 30 0.80 16.0 14.6 13.6 13.3 13.2 13.2 13.2 13.1 13.0 12.7 12.4 11.9 11.4 8.9 6.8 5.2 4.0 3.0 CH20CK20 … J94202 25Cr–20Ni 8 (1) (5) (10) (17) 65 28 0.80 14.9 12.2 11.3 10.8 10.5 10.1 9.9 9.7 9.4 9.1 8.8 8.5 8.2 7.9 7.6 6.8 5.8 4.8 CK20CK20 … J94202 25Cr–20Ni 8 (1) (5) (9) (10) (17) 65 28 0.80 14.9 13.6 12.7 12.3 12.3 12.3 12.3 12.2 12.0 11.8 11.5 11.1 10.6 9.0 7.8 6.8 5.8 4.8 CK20
Castings: Ferritic/Martensitic Castings: Ferritic/MartensiticA217 CA15 … J91150 13Cr–1∕2Mo 6 (1) (3) (5) 90 65 0.80 20.6 20.6 20.6 20.6 20.6 20.6 20.6 20.6 20.6 20.6 20.1 12.0 7.4 4.7 3.0 1.9 1.2 0.8 CA15 A217
Bar: Austenitic Bar: AusteniticA479 … … N08904 44Fe–25Ni–21Cr–Mo 45 (1) 71 31 1.00 20.3 16.7 15.1 13.8 12.7 11.9 11.6 11.4 … … … … … … … … … … … A479304 … S30400 18Cr–8Ni 8 (10) 75 30 1.00 20.0 16.7 15.0 13.8 12.9 12.3 12.0 11.7 11.5 11.2 11.0 10.8 10.6 10.4 10.1 9.8 7.7 6.1 304304 … S30400 18Cr–8Ni 8 (9) (10) 75 30 1.00 20.0 20.0 18.9 18.3 17.5 16.6 16.2 15.8 15.5 15.2 14.9 14.6 14.3 14.0 12.4 9.8 7.7 6.1 304304H … S30409 18Cr–8Ni 8 … 75 30 1.00 20.0 16.7 15.0 13.8 12.9 12.3 12.0 11.7 11.5 11.2 11.0 10.8 10.6 10.4 10.1 9.8 7.7 6.1 304H304H … S30409 18Cr–8Ni 8 (9) 75 30 1.00 20.0 20.0 18.9 18.3 17.5 16.6 16.2 15.8 15.5 15.2 14.9 14.6 14.3 14.0 12.4 9.8 7.7 6.1 304HA479 304L … S30403 18Cr–8Ni 8 (16) 70 25 1.00 16.7 14.3 12.8 11.7 10.9 10.4 10.2 10.0 9.8 9.7 … … … … … … … … 304L A479304L … S30403 18Cr–8Ni 8 (9) (16) 70 25 1.00 16.7 16.7 16.7 15.8 14.7 14.0 13.7 13.5 13.3 13.0 … … … … … … … … 304L304N … S30451 18Cr–8Ni–N 8 (10) 80 35 1.00 22.9 19.1 16.7 15.1 14.0 13.3 13.0 12.8 12.5 12.3 12.1 11.8 11.6 11.3 11.0 9.8 7.7 6.1 304N304N … S30451 18Cr–8Ni–N 8 (9) (10) 80 35 1.00 22.9 22.9 21.7 20.3 18.9 17.9 17.5 17.2 16.9 16.6 16.3 16.0 15.6 15.2 12.4 9.8 7.7 6.1 304NA479 … … S30815 21Cr–11Ni–N 8 (1) 87 45 1.00 24.9 24.7 22.0 19.9 18.5 17.7 17.4 17.2 17.0 16.8 16.6 16.4 16.2 14.9 11.6 9.0 6.9 5.2 … A479… … S30815 21Cr–11Ni–N 8 (1) (9) 87 45 1.00 24.9 24.7 23.3 22.4 21.8 21.4 21.2 21.0 20.8 20.6 20.3 20.0 19.1 14.9 11.6 9.0 6.9 5.2 …
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Spec.
No.

Type or
Grade Class

UNS
Alloy
No.

Nominal
Composition

P-
No. Notes

Specified
Minimum
Tensile,
ksi

Specified
Minimum
Yield,
ksi

E
or
F

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding
Type
or

Grade
Spec.
No.100 200 300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200

Fittings (Seamless and Welded): Austenitic Fittings (Seamless and Welded): Austenitic (Cont’d)WP348H … S34809 18Cr–10Ni–Cb 8 (4) (7) (11) 75 30 1.00 20.0 18.4 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 13.4 13.4 13.4 13.4 13.3 10.5 7.9 WP348HWP348H … S34809 18Cr–10Ni–Cb 8 (4) (7) (9) (11) 75 30 1.00 20.0 20.0 18.8 17.8 17.1 16.9 16.8 16.8 16.8 16.8 16.8 16.7 16.6 16.4 16.2 14.1 10.5 7.9 WP348H
Fittings (Seamless and Welded): Ferritic/Austenitic Fittings (Seamless and Welded): Ferritic/AusteniticA815 S31803 … S31803 22Cr–5.5Ni–3Mo–N 10H (1) (23) (24) 90 65 1.00 25.7 25.7 24.8 23.9 23.3 23.1 … … … … … … … … … … … … S31803 A815S32101 … S32101 21Cr–5Mn–1.5Ni–Cu–N 10H (1) (23) (24) 94 65 1.00 26.9 26.9 25.6 24.7 24.7 24.7 … … … … … … … … … … … … S32101S32205 … S32205 22Cr–5.5Ni–3Mo–N 10H (1) (23) (24) 95 70 1.00 27.1 27.1 26.2 25.2 24.6 24.3 … … … … … … … … … … … … S32205S32101 … S32101 21Cr–5Mn–1.5Ni–Cu–N 10H (1) (23) (24) 101 77 1.00 28.9 28.9 27.5 26.5 26.5 26.5 … … … … … … … … … … … … S32101
Castings: Austenitic Castings: AusteniticA351 CF3 … J92500 18Cr–8Ni 8 (1) (5) (17) 70 30 0.80 16.0 13.3 12.0 11.0 10.4 9.8 9.6 9.4 9.2 9.0 … … … … … … … … CF3 A351CF3 … J92500 18Cr–8Ni 8 (1) (5) (9) (17) 70 30 0.80 16.0 15.2 14.1 13.7 13.5 13.3 13.0 12.7 12.4 12.1 … … … … … … … … CF3CF3A … J92500 18Cr–8Ni 8 (1) (5) (17) 77.5 35 0.80 17.7 15.6 14.0 12.9 12.1 11.5 11.2 10.9 … … … … … … … … … … CF3ACF3A … J92500 18Cr–8Ni 8 (1) (5) (9) (17) 77.5 35 0.80 17.7 16.8 15.6 15.1 15.0 15.0 15.0 14.8 … … … … … … … … … … CF3ACF3M … J92800 18Cr–12Ni–2Mo 8 (1) (5) (13) (17) 70 30 0.80 16.0 13.8 12.4 11.4 10.6 10.1 9.8 9.7 9.5 9.4 9.3 … … … … … … … CF3MCF3M … J92800 18Cr–12Ni–2Mo 8 (1) (5) (9) (13) (17) 70 30 0.80 16.0 16.0 15.5 15.4 14.3 13.6 13.3 13.0 12.8 12.7 12.5 … … … … … … … CF3MA351 CF8 … J92600 18Cr–8Ni 8 (5) (10) (17) 70 30 0.80 16.0 13.3 12.0 11.0 10.4 9.8 9.6 9.4 9.2 9.0 8.8 8.6 8.5 8.3 7.6 6.0 4.8 3.8 CF8 A351CF8 … J92600 18Cr–8Ni 8 (5) (9) (10) (17) 70 30 0.80 16.0 15.2 14.1 13.7 13.5 13.3 13.0 12.7 12.4 12.1 11.9 11.7 11.4 9.8 7.6 6.0 4.8 3.8 CF8CF8C … J92710 18Cr–10Ni–Cb 8 (1) (5) (10) (17) 70 30 0.80 16.0 13.3 12.0 11.0 10.4 9.8 9.6 9.4 9.2 9.0 8.8 8.6 8.5 8.3 8.1 7.3 4.9 3.6 CF8CCF8C … J92710 18Cr–10Ni–Cb 8 (1) (5) (9) (10) (17) 70 30 0.80 16.0 15.2 14.1 13.7 13.5 13.3 13.0 12.7 12.4 12.1 11.9 11.7 11.4 11.2 9.7 7.3 4.9 3.6 CF8CCF8M … J92900 16Cr–12Ni–2Mo 8 (5) (13) (17) 70 30 0.80 16.0 13.8 12.4 11.4 10.6 10.1 9.8 9.7 9.5 9.4 9.3 9.2 9.1 9.1 9.0 7.1 5.5 4.3 CF8MCF8M … J92900 16Cr–12Ni–2Mo 8 (5) (9) (13) (17) 70 30 0.80 16.0 16.0 15.5 15.4 14.3 13.6 13.3 13.0 12.8 12.7 12.5 12.4 12.3 11.9 9.2 7.1 5.5 4.3 CF8M
A351 CH8 … J93400 25Cr–12Ni 8 (1) (5) (10) (17) 65 28 0.80 14.9 12.2 11.3 10.8 10.5 10.1 9.9 9.7 9.4 9.1 8.8 8.5 8.2 7.9 6.8 5.2 4.0 3.0 CH8 A351CH8 … J93400 25Cr–12Ni 8 (1) (5) (9) (10) (17) 65 28 0.80 14.9 13.6 12.7 12.3 12.3 12.3 12.3 12.2 12.0 11.8 11.5 11.1 10.6 8.9 6.8 5.2 4.0 3.0 CH8CH20 … J93402 25Cr–12Ni 8 (1) (5) (10) (17) 70 30 0.80 16.0 13.1 12.1 11.6 11.2 10.8 10.6 10.4 10.1 9.8 9.5 9.1 8.8 8.5 6.8 5.2 4.0 3.0 CH20CH20 … J93402 25Cr–12Ni 8 (1) (5) (9) (10) (17) 70 30 0.80 16.0 14.6 13.6 13.3 13.2 13.2 13.2 13.1 13.0 12.7 12.4 11.9 11.4 8.9 6.8 5.2 4.0 3.0 CH20CK20 … J94202 25Cr–20Ni 8 (1) (5) (10) (17) 65 28 0.80 14.9 12.2 11.3 10.8 10.5 10.1 9.9 9.7 9.4 9.1 8.8 8.5 8.2 7.9 7.6 6.8 5.8 4.8 CK20CK20 … J94202 25Cr–20Ni 8 (1) (5) (9) (10) (17) 65 28 0.80 14.9 13.6 12.7 12.3 12.3 12.3 12.3 12.2 12.0 11.8 11.5 11.1 10.6 9.0 7.8 6.8 5.8 4.8 CK20
Castings: Ferritic/Martensitic Castings: Ferritic/MartensiticA217 CA15 … J91150 13Cr–1∕2Mo 6 (1) (3) (5) 90 65 0.80 20.6 20.6 20.6 20.6 20.6 20.6 20.6 20.6 20.6 20.6 20.1 12.0 7.4 4.7 3.0 1.9 1.2 0.8 CA15 A217
Bar: Austenitic Bar: AusteniticA479 … … N08904 44Fe–25Ni–21Cr–Mo 45 (1) 71 31 1.00 20.3 16.7 15.1 13.8 12.7 11.9 11.6 11.4 … … … … … … … … … … … A479304 … S30400 18Cr–8Ni 8 (10) 75 30 1.00 20.0 16.7 15.0 13.8 12.9 12.3 12.0 11.7 11.5 11.2 11.0 10.8 10.6 10.4 10.1 9.8 7.7 6.1 304304 … S30400 18Cr–8Ni 8 (9) (10) 75 30 1.00 20.0 20.0 18.9 18.3 17.5 16.6 16.2 15.8 15.5 15.2 14.9 14.6 14.3 14.0 12.4 9.8 7.7 6.1 304304H … S30409 18Cr–8Ni 8 … 75 30 1.00 20.0 16.7 15.0 13.8 12.9 12.3 12.0 11.7 11.5 11.2 11.0 10.8 10.6 10.4 10.1 9.8 7.7 6.1 304H304H … S30409 18Cr–8Ni 8 (9) 75 30 1.00 20.0 20.0 18.9 18.3 17.5 16.6 16.2 15.8 15.5 15.2 14.9 14.6 14.3 14.0 12.4 9.8 7.7 6.1 304HA479 304L … S30403 18Cr–8Ni 8 (16) 70 25 1.00 16.7 14.3 12.8 11.7 10.9 10.4 10.2 10.0 9.8 9.7 … … … … … … … … 304L A479304L … S30403 18Cr–8Ni 8 (9) (16) 70 25 1.00 16.7 16.7 16.7 15.8 14.7 14.0 13.7 13.5 13.3 13.0 … … … … … … … … 304L304N … S30451 18Cr–8Ni–N 8 (10) 80 35 1.00 22.9 19.1 16.7 15.1 14.0 13.3 13.0 12.8 12.5 12.3 12.1 11.8 11.6 11.3 11.0 9.8 7.7 6.1 304N304N … S30451 18Cr–8Ni–N 8 (9) (10) 80 35 1.00 22.9 22.9 21.7 20.3 18.9 17.9 17.5 17.2 16.9 16.6 16.3 16.0 15.6 15.2 12.4 9.8 7.7 6.1 304NA479 … … S30815 21Cr–11Ni–N 8 (1) 87 45 1.00 24.9 24.7 22.0 19.9 18.5 17.7 17.4 17.2 17.0 16.8 16.6 16.4 16.2 14.9 11.6 9.0 6.9 5.2 … A479… … S30815 21Cr–11Ni–N 8 (1) (9) 87 45 1.00 24.9 24.7 23.3 22.4 21.8 21.4 21.2 21.0 20.8 20.6 20.3 20.0 19.1 14.9 11.6 9.0 6.9 5.2 …
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Spec.
No.

Type or
Grade Class

UNS
Alloy
No.

Nominal
Composition

P-
No. Notes

Specified
Minimum
Tensile,
ksi

Specified
Minimum
Yield,
ksi

E
or
F

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding
Type
or

Grade
Spec.
No.100 200 300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200

Bar: Austenitic   (Cont’d) Bar: Austenitic (Cont’d)A479 310S … S31008 25Cr–20Ni 8 (10) (11) (15) 75 30 1.00 20.0 17.6 16.1 15.1 14.3 13.7 13.5 13.3 13.1 12.9 12.7 12.5 12.3 9.9 … … … … 310S A479310S … S31008 25Cr–20Ni 8 (10) (11) (14) 75 30 1.00 20.0 17.6 16.1 15.1 14.3 13.7 13.5 13.3 13.1 12.9 12.7 12.5 12.3 9.9 … … … … 310S310S … S31008 25Cr–20Ni 8 (9) (10) (11) 75 30 1.00 20.0 20.0 20.0 19.9 19.3 18.5 18.2 17.9 17.7 17.4 17.2 16.9 15.9 9.9 … … … … 310S… … S31254 20Cr–18Ni–6Mo 8 (1) 95 44 1.00 26.9 23.9 21.4 19.8 18.6 17.9 17.6 17.4 17.3 … … … … … … … … … …… … S31254 20Cr–18Ni–6Mo 8 (1) (9) 95 44 1.00 26.9 26.9 25.5 24.3 23.5 23.0 22.8 22.7 22.6 … … … … … … … … … …A479 316 … S31600 16Cr–12Ni–2Mo 8 (10) 75 30 1.00 20.0 17.3 15.6 14.3 13.3 12.6 12.3 12.1 11.9 11.8 11.6 11.5 11.4 11.3 11.2 11.1 9.8 7.4 316 A479316 … S31600 16Cr–12Ni–2Mo 8 (9) (10) 75 30 1.00 20.0 20.0 20.0 19.3 18.0 17.0 16.6 16.3 16.1 15.9 15.7 15.6 15.4 15.3 15.1 12.4 9.8 7.4 316316H … S31609 16Cr–12Ni–2Mo 8 … 75 30 1.00 20.0 17.3 15.6 14.3 13.3 12.6 12.3 12.1 11.9 11.8 11.6 11.5 11.4 11.3 11.2 11.1 9.8 7.4 316H316H … S31609 16Cr–12Ni–2Mo 8 (9) 75 30 1.00 20.0 20.0 20.0 19.3 18.0 17.0 16.6 16.3 16.1 15.9 15.7 15.6 15.4 15.3 15.1 12.4 9.8 7.4 316HA479 316L … S31603 16Cr–12Ni–2Mo 8 (1) (16) (28) (29) 70 25 1.00 16.7 14.1 12.7 11.7 10.9 10.4 10.2 10.0 9.8 9.6 9.4 9.2 9.0 8.8 8.6 8.4 8.3 6.4 316L A479316L … S31603 16Cr–12Ni–2Mo 8 (1) (9) (16) (28) (29) 70 25 1.00 16.7 16.7 16.0 15.6 14.8 14.0 13.8 13.5 13.2 13.0 12.7 12.4 12.1 11.9 11.6 11.4 8.8 6.4 316L316N … S31651 16Cr–12Ni–2Mo 8 (10) 80 35 1.00 22.9 20.7 19.0 17.6 16.5 15.6 15.2 14.9 14.5 14.2 13.9 13.7 13.4 13.2 12.9 12.3 9.8 7.4 316N316N … S31651 16Cr–12Ni–2Mo 8 (9) (10) 80 35 1.00 22.9 22.9 22.0 21.5 21.2 21.0 20.5 20.0 19.6 19.2 18.8 18.5 18.1 17.8 15.8 12.3 9.8 7.4 316N317LMN … S31726 19Cr–15.5Ni–4Mo 8 (1) 80 35 1.00 22.9 20.0 17.9 16.3 15.3 14.6 … … … … … … … … … … … … 317LMN317LMN … S31726 19Cr–15.5Ni–4Mo 8 (1) (9) 80 35 1.00 22.9 21.8 20.9 20.5 20.3 19.7 … … … … … … … … … … … … 317LMNA479 321 … S32100 18Cr–10Ni–Ti 8 (10) 75 30 1.00 20.0 18.0 16.5 15.3 14.3 13.5 13.2 13.0 12.7 12.6 12.4 12.3 12.1 12.0 9.6 6.9 5.0 3.6 321 A479321 … S32100 18Cr–10Ni–Ti 8 (9) (10) 75 30 1.00 20.0 20.0 19.1 18.7 18.7 18.3 17.9 17.5 17.2 16.9 16.7 16.5 16.4 14.9 9.6 6.9 5.0 3.6 321321H … S32109 18Cr–10Ni–Ti 8 … 75 30 1.00 20.0 18.0 16.5 15.3 14.3 13.5 13.2 13.0 12.7 12.6 12.4 12.3 12.1 12.0 11.9 9.1 6.9 5.4 321H321H … S32109 18Cr–10Ni–Ti 8 (9) 75 30 1.00 20.0 20.0 19.1 18.7 18.7 18.3 17.9 17.5 17.2 16.9 16.7 16.5 16.4 16.2 12.3 9.1 6.9 5.4 321H… … S32550 25.5Cr–5.5Ni–3.5Mo–2Cu 10H (1) (25) (26) 110 80 1.00 31.4 31.3 29.5 28.6 28.2 … … … … … … … … … … … … … …A479 347 … S34700 18Cr–10Ni–Cb 8 (10) 75 30 1.00 20.0 18.4 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 13.4 13.4 13.4 12.1 9.1 6.1 4.4 347 A479347 … S34700 18Cr–10Ni–Cb 8 (9) (10) 75 30 1.00 20.0 20.0 18.8 17.8 17.2 16.9 16.8 16.8 16.8 16.8 16.8 16.7 16.6 16.0 12.1 9.1 6.1 4.4 347347H … S34709 18Cr–10Ni–Cb 8 … 75 30 1.00 20.0 18.4 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 13.4 13.4 13.4 13.4 13.3 10.5 7.9 347H347H … S34709 18Cr–10Ni–Cb 8 (9) 75 30 1.00 20.0 20.0 18.8 17.8 17.1 16.9 16.8 16.8 16.8 16.8 16.8 16.7 16.6 16.4 16.2 14.1 10.5 7.9 347H
A479 348 … S34800 18Cr–10Ni–Cb 8 (10) 75 30 1.00 20.0 18.4 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 13.4 13.4 13.4 12.1 9.1 6.1 4.4 348 A479348 … S34800 18Cr–10Ni–Cb 8 (9) (10) 75 30 1.00 20.0 20.0 18.8 17.8 17.2 16.9 16.8 16.8 16.8 16.8 16.8 16.7 16.6 16.0 12.1 9.1 6.1 4.4 348348H … S34809 18Cr–10Ni–Cb 8 … 75 30 1.00 20.0 18.4 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 13.4 13.4 13.4 13.4 13.3 10.5 7.9 348H348H … S34809 18Cr–10Ni–Cb 8 (9) 75 30 1.00 20.0 20.0 18.8 17.8 17.1 16.9 16.8 16.8 16.8 16.8 16.8 16.7 16.6 16.4 16.2 14.1 10.5 7.9 348H
Bar: Ferritic/Martensitic Bar: Ferritic/MartensiticA479 XM-27 … S44627 27Cr–1Mo 10I (2) 65 40 1.00 18.6 18.6 18.3 18.1 18.1 18.1 18.1 … … … … … … … … … … … XM-27 A479
Bar: Ferritic/Austenitic Bar: Ferritic/AusteniticA479 S31803 … S31803 22Cr–5.5Ni–3Mo–N 10H (1) (23) (24) 90 65 1.00 25.7 25.7 24.8 23.9 23.3 23.1 … … … … … … … … … … … … S31803 A479S32101 … S32101 21Cr–5Mn–1.5Ni–Cu–N 10H (1) (23) (24) 94 65 1.00 26.9 26.9 25.6 24.7 24.7 24.7 … … … … … … … … … … … … S321012205 … S32205 25Cr–7Ni–4Mo–N 10H (1) (22) (23) 95 65 1.00 27.1 27.1 26.2 25.2 24.6 24.3 … … … … … … … … … … … … 2205S32750 … S32750 25Cr–7Ni–4Mo–N 10H (1) (22) (23) 116 80 1.00 33.1 33.0 31.2 30.1 29.6 29.4 … … … … … … … … … … … … S32750

Table A-3 Stainless Steels (Cont’d)

ASME B31.1-2020

176



Spec.
No.

Type or
Grade Class

UNS
Alloy
No.

Nominal
Composition

P-
No. Notes

Specified
Minimum
Tensile,
ksi

Specified
Minimum
Yield,
ksi

E
or
F

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding
Type
or

Grade
Spec.
No.100 200 300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200

Bar: Austenitic Bar: Austenitic (Cont’d)A479 310S … S31008 25Cr–20Ni 8 (10) (11) (15) 75 30 1.00 20.0 17.6 16.1 15.1 14.3 13.7 13.5 13.3 13.1 12.9 12.7 12.5 12.3 9.9 … … … … 310S A479310S … S31008 25Cr–20Ni 8 (10) (11) (14) 75 30 1.00 20.0 17.6 16.1 15.1 14.3 13.7 13.5 13.3 13.1 12.9 12.7 12.5 12.3 9.9 … … … … 310S310S … S31008 25Cr–20Ni 8 (9) (10) (11) 75 30 1.00 20.0 20.0 20.0 19.9 19.3 18.5 18.2 17.9 17.7 17.4 17.2 16.9 15.9 9.9 … … … … 310S… … S31254 20Cr–18Ni–6Mo 8 (1) 95 44 1.00 26.9 23.9 21.4 19.8 18.6 17.9 17.6 17.4 17.3 … … … … … … … … … …… … S31254 20Cr–18Ni–6Mo 8 (1) (9) 95 44 1.00 26.9 26.9 25.5 24.3 23.5 23.0 22.8 22.7 22.6 … … … … … … … … … …A479 316 … S31600 16Cr–12Ni–2Mo 8 (10) 75 30 1.00 20.0 17.3 15.6 14.3 13.3 12.6 12.3 12.1 11.9 11.8 11.6 11.5 11.4 11.3 11.2 11.1 9.8 7.4 316 A479316 … S31600 16Cr–12Ni–2Mo 8 (9) (10) 75 30 1.00 20.0 20.0 20.0 19.3 18.0 17.0 16.6 16.3 16.1 15.9 15.7 15.6 15.4 15.3 15.1 12.4 9.8 7.4 316316H … S31609 16Cr–12Ni–2Mo 8 … 75 30 1.00 20.0 17.3 15.6 14.3 13.3 12.6 12.3 12.1 11.9 11.8 11.6 11.5 11.4 11.3 11.2 11.1 9.8 7.4 316H316H … S31609 16Cr–12Ni–2Mo 8 (9) 75 30 1.00 20.0 20.0 20.0 19.3 18.0 17.0 16.6 16.3 16.1 15.9 15.7 15.6 15.4 15.3 15.1 12.4 9.8 7.4 316HA479 316L … S31603 16Cr–12Ni–2Mo 8 (1) (16) (28) (29) 70 25 1.00 16.7 14.1 12.7 11.7 10.9 10.4 10.2 10.0 9.8 9.6 9.4 9.2 9.0 8.8 8.6 8.4 8.3 6.4 316L A479316L … S31603 16Cr–12Ni–2Mo 8 (1) (9) (16) (28) (29) 70 25 1.00 16.7 16.7 16.0 15.6 14.8 14.0 13.8 13.5 13.2 13.0 12.7 12.4 12.1 11.9 11.6 11.4 8.8 6.4 316L316N … S31651 16Cr–12Ni–2Mo 8 (10) 80 35 1.00 22.9 20.7 19.0 17.6 16.5 15.6 15.2 14.9 14.5 14.2 13.9 13.7 13.4 13.2 12.9 12.3 9.8 7.4 316N316N … S31651 16Cr–12Ni–2Mo 8 (9) (10) 80 35 1.00 22.9 22.9 22.0 21.5 21.2 21.0 20.5 20.0 19.6 19.2 18.8 18.5 18.1 17.8 15.8 12.3 9.8 7.4 316N317LMN … S31726 19Cr–15.5Ni–4Mo 8 (1) 80 35 1.00 22.9 20.0 17.9 16.3 15.3 14.6 … … … … … … … … … … … … 317LMN317LMN … S31726 19Cr–15.5Ni–4Mo 8 (1) (9) 80 35 1.00 22.9 21.8 20.9 20.5 20.3 19.7 … … … … … … … … … … … … 317LMNA479 321 … S32100 18Cr–10Ni–Ti 8 (10) 75 30 1.00 20.0 18.0 16.5 15.3 14.3 13.5 13.2 13.0 12.7 12.6 12.4 12.3 12.1 12.0 9.6 6.9 5.0 3.6 321 A479321 … S32100 18Cr–10Ni–Ti 8 (9) (10) 75 30 1.00 20.0 20.0 19.1 18.7 18.7 18.3 17.9 17.5 17.2 16.9 16.7 16.5 16.4 14.9 9.6 6.9 5.0 3.6 321321H … S32109 18Cr–10Ni–Ti 8 … 75 30 1.00 20.0 18.0 16.5 15.3 14.3 13.5 13.2 13.0 12.7 12.6 12.4 12.3 12.1 12.0 11.9 9.1 6.9 5.4 321H321H … S32109 18Cr–10Ni–Ti 8 (9) 75 30 1.00 20.0 20.0 19.1 18.7 18.7 18.3 17.9 17.5 17.2 16.9 16.7 16.5 16.4 16.2 12.3 9.1 6.9 5.4 321H… … S32550 25.5Cr–5.5Ni–3.5Mo–2Cu 10H (1) (25) (26) 110 80 1.00 31.4 31.3 29.5 28.6 28.2 … … … … … … … … … … … … … …A479 347 … S34700 18Cr–10Ni–Cb 8 (10) 75 30 1.00 20.0 18.4 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 13.4 13.4 13.4 12.1 9.1 6.1 4.4 347 A479347 … S34700 18Cr–10Ni–Cb 8 (9) (10) 75 30 1.00 20.0 20.0 18.8 17.8 17.2 16.9 16.8 16.8 16.8 16.8 16.8 16.7 16.6 16.0 12.1 9.1 6.1 4.4 347347H … S34709 18Cr–10Ni–Cb 8 … 75 30 1.00 20.0 18.4 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 13.4 13.4 13.4 13.4 13.3 10.5 7.9 347H347H … S34709 18Cr–10Ni–Cb 8 (9) 75 30 1.00 20.0 20.0 18.8 17.8 17.1 16.9 16.8 16.8 16.8 16.8 16.8 16.7 16.6 16.4 16.2 14.1 10.5 7.9 347H
A479 348 … S34800 18Cr–10Ni–Cb 8 (10) 75 30 1.00 20.0 18.4 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 13.4 13.4 13.4 12.1 9.1 6.1 4.4 348 A479348 … S34800 18Cr–10Ni–Cb 8 (9) (10) 75 30 1.00 20.0 20.0 18.8 17.8 17.2 16.9 16.8 16.8 16.8 16.8 16.8 16.7 16.6 16.0 12.1 9.1 6.1 4.4 348348H … S34809 18Cr–10Ni–Cb 8 … 75 30 1.00 20.0 18.4 17.1 16.0 15.0 14.3 14.0 13.8 13.7 13.6 13.5 13.4 13.4 13.4 13.4 13.3 10.5 7.9 348H348H … S34809 18Cr–10Ni–Cb 8 (9) 75 30 1.00 20.0 20.0 18.8 17.8 17.1 16.9 16.8 16.8 16.8 16.8 16.8 16.7 16.6 16.4 16.2 14.1 10.5 7.9 348H
Bar: Ferritic/Martensitic Bar: Ferritic/MartensiticA479 XM-27 … S44627 27Cr–1Mo 10I (2) 65 40 1.00 18.6 18.6 18.3 18.1 18.1 18.1 18.1 … … … … … … … … … … … XM-27 A479
Bar: Ferritic/Austenitic Bar: Ferritic/AusteniticA479 S31803 … S31803 22Cr–5.5Ni–3Mo–N 10H (1) (23) (24) 90 65 1.00 25.7 25.7 24.8 23.9 23.3 23.1 … … … … … … … … … … … … S31803 A479S32101 … S32101 21Cr–5Mn–1.5Ni–Cu–N 10H (1) (23) (24) 94 65 1.00 26.9 26.9 25.6 24.7 24.7 24.7 … … … … … … … … … … … … S321012205 … S32205 25Cr–7Ni–4Mo–N 10H (1) (22) (23) 95 65 1.00 27.1 27.1 26.2 25.2 24.6 24.3 … … … … … … … … … … … … 2205S32750 … S32750 25Cr–7Ni–4Mo–N 10H (1) (22) (23) 116 80 1.00 33.1 33.0 31.2 30.1 29.6 29.4 … … … … … … … … … … … … S32750
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Table A-3 Stainless Steels (Cont’d)GENERAL NOTES:(a) The tabulated specifications are ANSI/ASTM or ASTM. For ASME BPVC applications, see related specifications in ASME BPVC, Section II.(b) The stress values in this Table may be interpolated to determine values for intermediate temperatures.(c) The P-Numbers indicated in this Table are identical to those adopted by ASME BPVC. Qualification of welding procedures, welders, andwelding operators is required and shall comply with ASME BPVC, Section IX, except as modified by para. 127.5.(d) Tensile strengths and allowable stresses shown in “ksi” are “thousands of pounds per square inch.”(e) Thematerials listed in this Table shall not beused at design temperatures above those forwhich allowable stress values are givenhereinor inTable A-8.(f) The tabulated stress values are S × E (weld joint efficiency factor) or S × F (material quality factor), as applicable.Weld joint efficiency factorsare shown in Table 102.4.3-1.(g) Pressure–temperature ratingsof piping components, as published in standards referenced in this Code,maybeused for componentsmeetingthe requirements of those standards. The allowable stress values given in this Table are for use in designing piping components that are notmanufactured in accordance with referenced standards.(h) The tabulated stress values that are shown in italics are at temperatures in the range where creep and stress rupture strength govern theselection of stresses.(i) See para. 124.1.2 for lower temperature limits.NOTES:(1) THIS MATERIAL IS NOT ACCEPTABLE FOR USE ON BOILER EXTERNAL PIPING — SEE FIGURES 100.1.2-1 THROUGH 100.1.2-8.(2) Use of this material at temperatures above 650°F is not approved because of the possibility of temper embrittlement.(3) This steelmaybe expected to develop embrittlement at room temperature after service at temperatures above 700°F. Consequently, its useat higher temperatures is not recommended unless due caution is observed.(4) For fittings made from ASTMA182 forgings over 5 in. in thickness, the allowable stress values tabulated shall be reduced by the ratio of 70divided by 75.(5) The material quality factors and allowable stress values for these materials may be increased in accordance with para. 102.4.6.(6) Tensile strengths in parentheses are expected minimum values.(7) SeeMSS SP-43 for requirements for lightweight stainless steel fittings. MSS SP-43 Schedule 5S fittings shall not be used for design tempera-tures above 400°F. MSS SP-43 Schedule 10S fittings shall not be used for design temperatures above 750°F.(8) Thematerial quality factor for centrifugally cast pipe (0.85) is based on all surfaces beingmachined after heat treatment. The surface finish,after machining, shall be 250 μin. arithmetic average deviation or smoother.(9) Due to the relatively low yield strength of thesematerials, these higher allowable stress valueswere established at temperatureswhere theshort time tensile properties govern to permit the use of these alloys where slightly greater deformation is acceptable. These stress valuesexceed 67%but donot exceed90%of the yield strength at temperature. Use of these stress valuesmay result in dimensional changes due topermanent strain. These values shouldnotbeused for the flanges of gasketed joints or other applicationswhere slight amounts of distortioncan cause leakage or malfunction.(10) The allowable stress values tabulated for temperatures over 1,000°F apply only if the carbon content of the material is 0.04% or higher.(11) The allowable stress values tabulated for temperatures over 1,000°F apply only if the material is heat treated by heating to a minimumtemperature of 1,900°F and quenching in water or rapidly cooling by other means.(12) These allowable stress values apply to forgings over 5 in. in thickness.(13) The allowable stress values tabulated for temperatures over 800°F apply only if the carbon content of the material is 0.04% or higher.(14) These allowable stress values shall be used only when the grain size of the material is ASTM No. 6 or coarser.(15) These allowable stress values shall be usedwhen the grain size of thematerial is finer than ASTMNo. 6 or when the grain size has not beendetermined.(16) Use of external pressure charts for material in the form of barstock is permitted for stiffening rings only.(17) At the ferrite levels tabulated below, thesematerials will have significant reductions in Charpy V-notch toughness values at room tempera-ture andbelow following service exposure at the indicated temperatures. This reduction indicates thepotential for brittle fracturewithhighrate loading in the presence of sharp notches or cracks.Ferrite Content, % Service Temperature, °F5 and less 1,100 and above10 900 and above15 800 and above20 700 and above25–30 600 and above35–40 500 and above(18) The stress values at 1,050°F and above shall be used only when the grain size is ASTM No. 6 or coarser.(19) These allowable stress values apply for single or double butt welded pipe with radiography per para. 136.4.5.(20) These allowable stress values apply for double butt welded pipe, without radiography.(21) These allowable stress values apply for single butt welded pipe, without radiography.(22) Any heat treatment applied to this material shall be performed at 1,880°F to 2,060°F, followed by a rapid cool.
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Table A-3 Stainless Steels (Cont’d)NOTES: (Cont’d)(23) Theuseof thismaterial is limited to600°F (315°C).Thismaterialmayexhibit embrittlementat roomtemperature aftermoderately elevatedtemperature service. Cold work (strain hardening) such as that introduced during tube bending and certain manufacturing and assemblyprocesses can make UNS S32750 more susceptible to embrittlement when exposed to temperatures in excess of 480°F (250°C).(24) Except forUNSNo. S32003material, anyheat treatmentapplied shall beperformedat1,870°F to2,010°F, followedbya rapid cool. ForASTMA182, ASTM A240, and ASTM A479 material, this is more restrictive than the material specification and shall be met. For UNS No. S32003material, any heat treatment applied shall be performed at 1,850°F to 2,050°F, followed by rapid cooling in air or water.(25) Openings ≥ 4 in. shall conform to para. 127.4.8, except that full penetration welds shall be used and separate reinforcing pads shall not beused.(26) This steel may be expected to develop embrittlement after exposure to temperatures above 500°F for prolonged times. See ASME BPVC,Section II, Part D, Appendix A, A-207 and A-208.(27) These allowable stress values apply only to forgings 5 in. in thickness and under.(28) The stress values at temperatures above 1,000°F apply only if Supplementary Requirement S1 has been specified.(29) The material shall have an ASTM grain size of 7 or coarser for use at 1,000°F (550°C) and above.(30) These allowable stress values apply to seamless pipe ≤3∕8 in. wall thickness.(31) These allowable stress values apply to seamless pipe >3∕8 in. wall thickness.
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Spec.
No.

UNS
Alloy
No.

Temper or
Condition

Nominal
Composition

P-
No. Notes

Specified
Minimum
Tensile,
ksi

Specified
Minimum
Yield,
ksi

E
or
F

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding
UNS
Alloy
No.

Spec
No.100 200 300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200

Seamless Pipe and Tube Seamless Pipe and TubeB161 N02200 Annealed Ni 41 (1) (5) 55 15 1.00 10.0 10.0 10.0 10.0 10.0 10.0 … … … … … … … … … … … … N02200 B161N02200 Annealed Ni 41 (1) (6) 55 12 1.00 8.0 8.0 8.0 8.0 8.0 8.0 … … … … … … … … … … … … N02200N02200 Str. rel. Ni 41 (1) 65 40 1.00 18.6 18.6 18.6 18.6 18.3 17.7 … … … … … … … … … … … … N02200B161 N02201 Annealed Ni–Low C 41 (1) (5) 50 12 1.00 8.0 7.7 7.5 7.5 7.5 7.5 7.5 7.4 7.4 7.2 5.8 4.5 3.7 3.0 2.4 2.0 1.5 1.2 N02201 B161N02201 Annealed Ni–Low C 41 (1) (6) 50 10 1.00 6.7 6.4 6.3 6.2 6.2 6.2 6.2 6.2 6.1 6.0 5.8 4.5 3.7 3.0 2.4 2.0 1.5 1.2 N02201N02201 Str. rel. Ni–Low C 41 (1) 60 30 1.00 17.1 17.1 17.0 17.0 16.8 16.3 … … … … … … … … … … … … N02201B163 N08800 Annealed Ni–Cr–Fe 45 (7) 75 30 1.00 20.0 18.5 17.8 17.2 16.8 16.3 16.1 15.9 15.7 15.5 15.3 15.1 14.9 14.7 14.5 13.0 9.8 6.6 N08800 B163N08800 Annealed Ni–Cr–Fe 45 (2) (7) 75 30 1.00 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 19.9 17.0 13.0 9.8 6.6 N08800N08810 Annealed Ni–Cr–Fe 45 … 65 25 1.00 16.7 15.4 14.4 13.6 12.9 12.2 11.9 11.6 11.4 11.1 10.9 10.7 10.5 10.4 10.2 10.0 9.3 7.4 N08810N08810 Annealed Ni–Cr–Fe 45 (2) 65 25 1.00 16.7 16.7 16.7 16.7 16.7 16.7 16.1 15.7 15.3 15.0 14.7 14.5 14.2 14.0 13.8 11.6 9.3 7.4 N08810B165 N04400 Annealed Ni–Cu 42 (1) (5) 70 28 1.00 18.7 16.4 15.2 14.7 14.7 14.7 14.7 14.6 14.5 14.3 11.0 8.0 … … … … … … N04400 B165N04400 Annealed Ni–Cu 42 (1) (6) 70 25 1.00 16.7 14.6 13.6 13.2 13.1 13.1 13.1 13.0 12.9 12.7 11.0 8.0 … … … … … … N04400N04400 Str. rel. Ni–Cu 42 (1) (2) (3) 85 35 1.00 24.3 24.3 24.3 24.3 24.3 … … … … … … … … … … … … … N04400B167 N06600 H.F./ann. Ni–Cr–Fe 43 (5) 80 30 1.00 20.0 19.1 18.3 17.5 16.8 16.2 15.9 15.7 15.5 15.2 15.1 14.9 10.6 7.0 4.5 3.0 2.2 2.0 N06600 B167N06600 H.F./ann. Ni–Cr–Fe 43 (2) (5) 75 30 1.00 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 16.0 10.6 7.0 4.5 3.0 2.2 2.0 N06600N06600 H.F./ann. Ni–Cr–Fe 43 (6) 75 25 1.00 16.7 15.9 15.2 14.6 14.0 13.5 13.3 13.1 12.9 12.7 12.5 12.4 10.6 7.0 4.5 3.0 2.2 2.0 N06600N06600 H.F./ann. Ni–Cr–Fe 43 (2) (6) 80 25 1.00 16.7 16.7 16.7 16.7 16.7 16.7 16.7 16.7 16.7 16.7 16.7 16.0 10.6 7.0 4.5 3.0 2.2 2.0 N06600B167 N06600 C.D./ann. Ni–Cr–Fe 43 (5) 80 35 1.00 22.9 21.3 20.8 20.5 20.2 19.9 19.8 19.6 19.4 19.1 18.7 16.0 10.6 7.0 4.5 3.0 2.2 2.0 N06600 B167N06600 C.D./ann. Ni–Cr–Fe 43 (2) (5) 80 35 1.00 22.9 22.9 22.9 22.9 22.9 22.9 22.9 22.9 22.9 22.9 22.4 16.0 10.6 7.0 4.5 3.0 2.2 2.0 N06600N06600 C.D./ann. Ni–Cr–Fe 43 (6) 80 30 1.00 20.0 19.1 18.3 17.5 16.8 16.2 15.9 15.7 15.5 15.2 15.1 14.9 10.6 7.0 4.5 3.0 2.2 2.0 N06600N06600 C.D./ann. Ni–Cr–Fe 43 (2) (6) 80 30 1.00 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 16.0 10.6 7.0 4.5 3.0 2.2 2.0 N06600B167 N06617 Annealed 52Ni–22Cr–13Co–9Mo 43 (7) 95 35 1.00 23.3 20.8 19.2 18.1 17.2 16.6 16.4 16.2 16.0 15.9 15.8 15.7 15.6 15.5 15.4 15.4 15.3 15.3 N06617 B167N06617 Annealed 52Ni–22Cr–13Co–9Mo 43 (2) (7) 95 35 1.00 23.3 23.3 23.3 23.3 23.3 22.5 22.1 21.9 21.7 21.5 21.3 21.2 21.0 20.9 20.9 20.8 20.7 18.1 N06617N06690 C.W./ann. 58Ni–29Cr–9Fe 43 (7) (23) 85 35 1.00 23.3 21.1 19.9 19.1 18.6 18.4 18.4 18.4 18.4 18.4 18.4 18.3 16.5 11.6 9.0 6.5 4.5 3.0 N06690N06690 C.W./ann. 58Ni–29Cr–9Fe 43 (2) (7) (23) 85 35 1.00 23.3 23.3 23.3 23.3 23.1 22.9 22.9 22.8 22.7 22.6 22.5 22.2 16.5 11.6 9.0 6.5 4.5 3.0 N06690B407 N08800 C.D./ann. Ni–Cr–Fe 45 (7) 75 30 1.00 20.0 18.5 17.8 17.2 16.8 16.3 16.1 15.9 15.7 15.5 15.3 15.1 14.9 14.7 14.5 13.0 9.8 6.6 N08800 B407N08800 C.D./ann. Ni–Cr–Fe 45 (2) (7) 75 30 1.00 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 19.9 17.0 13.0 9.8 6.6 N08800N08810 Annealed Ni–Cr–Fe 45 (7) 65 25 1.00 16.7 15.4 14.4 13.6 12.9 12.2 11.9 11.6 11.4 11.1 10.9 10.7 10.5 10.4 10.2 10.0 9.3 7.4 N08810N08810 Annealed Ni–Cr–Fe 45 (2) (7) 65 25 1.00 16.7 16.7 16.7 16.7 16.7 16.5 16.1 15.7 15.3 15.0 14.7 14.5 14.2 14.0 13.8 11.6 9.3 7.4 N08810B423 N08825 C.W./ann. Ni–Fe–Cr–Mo–Cu 45 (7) 85 35 1.00 23.3 21.4 20.3 19.4 18.5 17.8 17.5 17.3 17.2 17.0 … … … … … … … … N08825 B423N08825 C.W./ann. Ni–Fe–Cr–Mo–Cu 45 (2) (7) 85 35 1.00 23.3 23.3 23.3 23.3 23.3 23.3 23.3 23.3 23.2 23.0 … … … … … … … … N08825B444 N06625 Sol. ann. Ni–Cr–Mo–Cb 43 (14) (18) 100 40 1.00 26.7 24.9 23.6 22.6 21.8 21.1 20.8 20.6 20.3 20.1 20.0 19.8 19.7 19.5 19.4 19.4 … … N06625 B444N06625 Annealed Ni–Cr–Mo–Cb 43 (2) (14) 120 60 1.00 34.3 34.3 34.3 33.6 32.9 32.4 32.1 31.8 31.5 31.2 30.9 30.6 30.3 29.9 29.5 29.0 … … N06625B622 N06022 Sol. ann. Ni–Mo–Cr–Low C 44 (12) 100 45 1.00 28.6 26.7 24.6 22.9 21.5 20.4 20.0 19.6 19.3 19.0 … … … … … … … … N06022 B622N06022 Sol. ann. Ni–Mo–Cr–Low C 44 (2) (12) 100 45 1.00 28.6 28.6 28.2 27.2 26.5 26.0 25.8 25.6 25.4 25.3 … … … … … … … … N06022N10276 Sol. ann. Low C–Ni–Mo–Cr 43 (12) 100 41 1.00 27.3 24.9 23.0 21.3 19.9 18.8 18.2 17.8 17.4 17.1 16.9 16.7 16.6 16.5 … … … … N10276N10276 Sol. ann. Low C–Ni–Mo–Cr 43 (2) (12) 100 41 1.00 27.3 27.3 27.3 27.3 26.9 25.2 24.6 24.0 23.5 23.1 22.8 22.6 22.4 22.3 … … … … N10276R30556 Annealed Ni–Fe–Cr–Co–Mo–W 45 (1) 100 45 1.00 28.6 25.6 23.1 21.3 20.1 19.3 18.9 18.7 18.4 18.2 18.0 17.8 17.6 17.5 17.3 17.1 16.9 13.6 R30556R30556 Annealed Ni–Fe–Cr–Co–Mo–W 45 (1) (2) 100 45 1.00 28.6 28.6 28.0 27.1 26.4 26.0 25.6 25.2 24.9 24.6 24.3 24.1 23.8 23.6 23.3 21.2 17.0 13.6 R30556

Table A-4ð20Þ Nickel and High Nickel Alloys
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Spec.
No.

UNS
Alloy
No.

Temper or
Condition

Nominal
Composition

P-
No. Notes

Specified
Minimum
Tensile,
ksi

Specified
Minimum
Yield,
ksi

E
or
F

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding
UNS
Alloy
No.

Spec
No.100 200 300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200

Seamless Pipe and Tube Seamless Pipe and TubeB161 N02200 Annealed Ni 41 (1) (5) 55 15 1.00 10.0 10.0 10.0 10.0 10.0 10.0 … … … … … … … … … … … … N02200 B161N02200 Annealed Ni 41 (1) (6) 55 12 1.00 8.0 8.0 8.0 8.0 8.0 8.0 … … … … … … … … … … … … N02200N02200 Str. rel. Ni 41 (1) 65 40 1.00 18.6 18.6 18.6 18.6 18.3 17.7 … … … … … … … … … … … … N02200B161 N02201 Annealed Ni–Low C 41 (1) (5) 50 12 1.00 8.0 7.7 7.5 7.5 7.5 7.5 7.5 7.4 7.4 7.2 5.8 4.5 3.7 3.0 2.4 2.0 1.5 1.2 N02201 B161N02201 Annealed Ni–Low C 41 (1) (6) 50 10 1.00 6.7 6.4 6.3 6.2 6.2 6.2 6.2 6.2 6.1 6.0 5.8 4.5 3.7 3.0 2.4 2.0 1.5 1.2 N02201N02201 Str. rel. Ni–Low C 41 (1) 60 30 1.00 17.1 17.1 17.0 17.0 16.8 16.3 … … … … … … … … … … … … N02201B163 N08800 Annealed Ni–Cr–Fe 45 (7) 75 30 1.00 20.0 18.5 17.8 17.2 16.8 16.3 16.1 15.9 15.7 15.5 15.3 15.1 14.9 14.7 14.5 13.0 9.8 6.6 N08800 B163N08800 Annealed Ni–Cr–Fe 45 (2) (7) 75 30 1.00 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 19.9 17.0 13.0 9.8 6.6 N08800N08810 Annealed Ni–Cr–Fe 45 … 65 25 1.00 16.7 15.4 14.4 13.6 12.9 12.2 11.9 11.6 11.4 11.1 10.9 10.7 10.5 10.4 10.2 10.0 9.3 7.4 N08810N08810 Annealed Ni–Cr–Fe 45 (2) 65 25 1.00 16.7 16.7 16.7 16.7 16.7 16.7 16.1 15.7 15.3 15.0 14.7 14.5 14.2 14.0 13.8 11.6 9.3 7.4 N08810B165 N04400 Annealed Ni–Cu 42 (1) (5) 70 28 1.00 18.7 16.4 15.2 14.7 14.7 14.7 14.7 14.6 14.5 14.3 11.0 8.0 … … … … … … N04400 B165N04400 Annealed Ni–Cu 42 (1) (6) 70 25 1.00 16.7 14.6 13.6 13.2 13.1 13.1 13.1 13.0 12.9 12.7 11.0 8.0 … … … … … … N04400N04400 Str. rel. Ni–Cu 42 (1) (2) (3) 85 35 1.00 24.3 24.3 24.3 24.3 24.3 … … … … … … … … … … … … … N04400B167 N06600 H.F./ann. Ni–Cr–Fe 43 (5) 80 30 1.00 20.0 19.1 18.3 17.5 16.8 16.2 15.9 15.7 15.5 15.2 15.1 14.9 10.6 7.0 4.5 3.0 2.2 2.0 N06600 B167N06600 H.F./ann. Ni–Cr–Fe 43 (2) (5) 75 30 1.00 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 16.0 10.6 7.0 4.5 3.0 2.2 2.0 N06600N06600 H.F./ann. Ni–Cr–Fe 43 (6) 75 25 1.00 16.7 15.9 15.2 14.6 14.0 13.5 13.3 13.1 12.9 12.7 12.5 12.4 10.6 7.0 4.5 3.0 2.2 2.0 N06600N06600 H.F./ann. Ni–Cr–Fe 43 (2) (6) 80 25 1.00 16.7 16.7 16.7 16.7 16.7 16.7 16.7 16.7 16.7 16.7 16.7 16.0 10.6 7.0 4.5 3.0 2.2 2.0 N06600B167 N06600 C.D./ann. Ni–Cr–Fe 43 (5) 80 35 1.00 22.9 21.3 20.8 20.5 20.2 19.9 19.8 19.6 19.4 19.1 18.7 16.0 10.6 7.0 4.5 3.0 2.2 2.0 N06600 B167N06600 C.D./ann. Ni–Cr–Fe 43 (2) (5) 80 35 1.00 22.9 22.9 22.9 22.9 22.9 22.9 22.9 22.9 22.9 22.9 22.4 16.0 10.6 7.0 4.5 3.0 2.2 2.0 N06600N06600 C.D./ann. Ni–Cr–Fe 43 (6) 80 30 1.00 20.0 19.1 18.3 17.5 16.8 16.2 15.9 15.7 15.5 15.2 15.1 14.9 10.6 7.0 4.5 3.0 2.2 2.0 N06600N06600 C.D./ann. Ni–Cr–Fe 43 (2) (6) 80 30 1.00 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 16.0 10.6 7.0 4.5 3.0 2.2 2.0 N06600B167 N06617 Annealed 52Ni–22Cr–13Co–9Mo 43 (7) 95 35 1.00 23.3 20.8 19.2 18.1 17.2 16.6 16.4 16.2 16.0 15.9 15.8 15.7 15.6 15.5 15.4 15.4 15.3 15.3 N06617 B167N06617 Annealed 52Ni–22Cr–13Co–9Mo 43 (2) (7) 95 35 1.00 23.3 23.3 23.3 23.3 23.3 22.5 22.1 21.9 21.7 21.5 21.3 21.2 21.0 20.9 20.9 20.8 20.7 18.1 N06617N06690 C.W./ann. 58Ni–29Cr–9Fe 43 (7) (23) 85 35 1.00 23.3 21.1 19.9 19.1 18.6 18.4 18.4 18.4 18.4 18.4 18.4 18.3 16.5 11.6 9.0 6.5 4.5 3.0 N06690N06690 C.W./ann. 58Ni–29Cr–9Fe 43 (2) (7) (23) 85 35 1.00 23.3 23.3 23.3 23.3 23.1 22.9 22.9 22.8 22.7 22.6 22.5 22.2 16.5 11.6 9.0 6.5 4.5 3.0 N06690B407 N08800 C.D./ann. Ni–Cr–Fe 45 (7) 75 30 1.00 20.0 18.5 17.8 17.2 16.8 16.3 16.1 15.9 15.7 15.5 15.3 15.1 14.9 14.7 14.5 13.0 9.8 6.6 N08800 B407N08800 C.D./ann. Ni–Cr–Fe 45 (2) (7) 75 30 1.00 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 19.9 17.0 13.0 9.8 6.6 N08800N08810 Annealed Ni–Cr–Fe 45 (7) 65 25 1.00 16.7 15.4 14.4 13.6 12.9 12.2 11.9 11.6 11.4 11.1 10.9 10.7 10.5 10.4 10.2 10.0 9.3 7.4 N08810N08810 Annealed Ni–Cr–Fe 45 (2) (7) 65 25 1.00 16.7 16.7 16.7 16.7 16.7 16.5 16.1 15.7 15.3 15.0 14.7 14.5 14.2 14.0 13.8 11.6 9.3 7.4 N08810B423 N08825 C.W./ann. Ni–Fe–Cr–Mo–Cu 45 (7) 85 35 1.00 23.3 21.4 20.3 19.4 18.5 17.8 17.5 17.3 17.2 17.0 … … … … … … … … N08825 B423N08825 C.W./ann. Ni–Fe–Cr–Mo–Cu 45 (2) (7) 85 35 1.00 23.3 23.3 23.3 23.3 23.3 23.3 23.3 23.3 23.2 23.0 … … … … … … … … N08825B444 N06625 Sol. ann. Ni–Cr–Mo–Cb 43 (14) (18) 100 40 1.00 26.7 24.9 23.6 22.6 21.8 21.1 20.8 20.6 20.3 20.1 20.0 19.8 19.7 19.5 19.4 19.4 … … N06625 B444N06625 Annealed Ni–Cr–Mo–Cb 43 (2) (14) 120 60 1.00 34.3 34.3 34.3 33.6 32.9 32.4 32.1 31.8 31.5 31.2 30.9 30.6 30.3 29.9 29.5 29.0 … … N06625B622 N06022 Sol. ann. Ni–Mo–Cr–Low C 44 (12) 100 45 1.00 28.6 26.7 24.6 22.9 21.5 20.4 20.0 19.6 19.3 19.0 … … … … … … … … N06022 B622N06022 Sol. ann. Ni–Mo–Cr–Low C 44 (2) (12) 100 45 1.00 28.6 28.6 28.2 27.2 26.5 26.0 25.8 25.6 25.4 25.3 … … … … … … … … N06022N10276 Sol. ann. Low C–Ni–Mo–Cr 43 (12) 100 41 1.00 27.3 24.9 23.0 21.3 19.9 18.8 18.2 17.8 17.4 17.1 16.9 16.7 16.6 16.5 … … … … N10276N10276 Sol. ann. Low C–Ni–Mo–Cr 43 (2) (12) 100 41 1.00 27.3 27.3 27.3 27.3 26.9 25.2 24.6 24.0 23.5 23.1 22.8 22.6 22.4 22.3 … … … … N10276R30556 Annealed Ni–Fe–Cr–Co–Mo–W 45 (1) 100 45 1.00 28.6 25.6 23.1 21.3 20.1 19.3 18.9 18.7 18.4 18.2 18.0 17.8 17.6 17.5 17.3 17.1 16.9 13.6 R30556R30556 Annealed Ni–Fe–Cr–Co–Mo–W 45 (1) (2) 100 45 1.00 28.6 28.6 28.0 27.1 26.4 26.0 25.6 25.2 24.9 24.6 24.3 24.1 23.8 23.6 23.3 21.2 17.0 13.6 R30556
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Spec.
No.

UNS
Alloy
No.

Temper or
Condition

Nominal
Composition

P-
No. Notes

Specified
Minimum
Tensile,
ksi

Specified
Minimum
Yield,
ksi

E
or
F

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding
UNS
Alloy
No.

Spec
No.100 200 300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200

Seamless Pipe and Tube   (Cont’d) Seamless Pipe and Tube (Cont’d)B677 N08925 Annealed Ni–Fe–Cr–Mo–Cu–Low C 45 (1) 87 43 1.00 24.9 23.2 21.3 19.8 18.3 17.3 17.0 16.9 16.9 16.9 … … … … … … … … N08925 B677N08925 Annealed Ni–Fe–Cr–Mo–Cu–Low C 45 (1) (2) 87 43 1.00 24.9 24.9 23.9 23.0 22.1 21.4 21.1 20.8 20.4 20.1 … … … … … … … … N08925N08926 Annealed Ni–Fe–Cr–Mo–Cu–N–Low C 45 (1) (19) (20) 94 43 1.00 26.9 24.1 21.5 19.7 18.7 18.0 17.7 17.5 17.4 … … … … … … … … … N08926N08926 Annealed Ni–Fe–Cr–Mo–Cu–N–Low C 45 (1) (2) (19) (20) 94 43 1.00 26.9 26.9 26.2 24.8 23.7 22.8 22.4 22.0 21.6 … … … … … … … … … N08926
B690 N08367 Sol. ann. Fe–Ni–Cr–Mo–Cu–N 45 (8) (22) 95 45 1.00 27.1 26.2 23.8 21.9 20.5 19.4 19.0 18.6 18.3 18.0 … … … … … … … … N08367 B690N08367 Sol. ann. Fe–Ni–Cr–Mo–Cu–N 45 (2) (8) (22) 95 45 1.00 27.1 27.1 25.7 24.6 23.8 23.3 23.1 22.9 22.8 22.6 … … … … … … … … N08367N08367 Sol. ann. Fe–Ni–Cr–Mo–Cu–N 45 (21) 100 45 1.00 28.6 26.2 23.8 21.9 20.5 19.4 19.0 18.6 18.3 18.0 … … … … … … … … N08367N08367 Sol. ann. Fe–Ni–Cr–Mo–Cu–N 45 (2) (21) 100 45 1.00 28.6 28.6 27.0 25.8 25.0 24.5 24.3 24.1 24.0 23.8 … … … … … … … … N08367
B729 N08020 Annealed Ni–Fe–Cr–Mo–Cu–Cb 45 (1) 80 35 1.00 22.9 20.6 19.7 18.9 18.2 17.7 17.5 17.4 17.2 16.8 … … … … … … … … N08020 B729N08020 Annealed Ni–Fe–Cr–Mo–Cu–Cb 45 (1) (2) 80 35 1.00 22.9 22.9 22.6 22.2 22.1 22.1 22.0 21.9 21.8 21.8 … … … … … … … … N08020

Welded Pipe and Tube Welded Pipe and TubeB464 N08020 Annealed Ni–Fe–Cr–Mo–Cu–Cb 45 (1) 80 35 0.85 19.4 17.5 16.7 16.1 15.5 15.0 14.9 14.8 14.6 14.3 … … … … … … … … N08020 B464N08020 Annealed Ni–Fe–Cr–Mo–Cu–Cb 45 (1) (2) 80 35 0.85 19.4 19.4 19.2 18.8 18.8 18.8 18.7 18.6 18.5 18.5 … … … … … … … … N08020
B468 N08020 Annealed Ni–Fe–Cr–Mo–Cu–Cb 45 (1) 80 35 0.85 19.4 17.5 16.7 16.1 15.5 15.0 14.9 14.8 14.6 14.3 … … … … … … … … N08020 B468N08020 Annealed Ni–Fe–Cr–Mo–Cu–Cb 45 (1) (2) 80 35 0.85 19.4 19.4 19.2 18.8 18.8 18.8 18.7 18.6 18.5 18.5 … … … … … … … … N08020
B546 N06617 Annealed 52Ni–22Cr–13Co–9Mo 43 (1) (7) 95 35 0.85 19.8 17.7 16.3 15.4 14.6 14.1 13.9 13.8 13.6 13.5 13.4 13.3 13.3 13.2 13.1 13.1 13.0 13.0 N06617 B546N06617 Annealed 52Ni–22Cr–13Co–9Mo 43 (1) (2) (7) 95 35 0.85 19.8 19.8 19.8 19.8 19.8 19.1 18.8 18.6 18.4 18.3 18.1 18.0 17.9 17.8 17.8 17.7 17.6 15.4 N06617
B619 N06022 Sol. ann. Ni–Mo–Cr–Low C 44 (12) 100 45 0.85 24.3 22.7 20.9 19.4 18.3 17.4 17.0 16.7 16.4 16.2 … … … … … … … … N06022 B619N06022 Sol. ann. Ni–Mo–Cr–Low C 44 (2) (12) 100 45 0.85 24.3 22.7 20.9 19.4 18.3 17.4 17.0 16.7 16.4 16.2 … … … … … … … … N06022N10276 Sol. ann. Low C–Ni–Mo–Cr 43 (12) 100 41 0.85 23.2 21.2 19.6 18.1 16.9 16.0 15.5 15.1 14.8 14.5 14.4 14.2 14.1 14.0 … … … … N10276N10276 Sol. ann. Low C–Ni–Mo–Cr 43 (2) (12) 100 41 0.85 23.2 23.2 23.2 23.2 22.9 21.4 20.9 20.4 20.0 19.6 19.4 19.2 19.0 19.0 … … … … N10276R30556 Annealed Ni–Fe–Cr–Co–Mo–W 45 (1) 100 45 0.85 24.3 21.8 19.6 18.1 17.1 16.4 16.1 15.9 15.7 15.5 15.3 15.2 15.0 14.8 14.7 14.5 14.4 11.6 R30556R30556 Annealed Ni–Fe–Cr–Co–Mo–W 45 (1) (2) 100 45 0.85 24.3 24.3 23.8 23.0 22.5 22.1 21.7 21.4 21.1 20.9 20.7 20.5 20.2 20.0 19.8 18.0 14.4 11.6 R30556
B626 N06022 Sol. ann. Ni–Mo–Cr–Low C 44 (12) 100 45 0.85 24.3 24.3 23.9 23.1 22.6 22.1 21.9 21.8 21.6 21.5 … … … … … … … … N06022 B626N06022 Sol. ann. Ni–Mo–Cr–Low C 44 (2) (12) 100 45 0.85 24.3 24.3 23.9 23.1 22.6 22.1 21.9 21.8 21.6 21.5 … … … … … … … … N06022N10276 Sol. ann. Low C–Ni–Mo–Cr 43 (12) 100 41 0.85 23.2 21.2 19.6 18.1 16.9 16.0 15.5 15.1 14.8 14.5 14.4 14.2 14.1 14.0 … … … … N10276N10276 Sol. ann. Low C–Ni–Mo–Cr 43 (2) (12) 100 41 0.85 23.2 23.2 23.2 23.2 22.9 21.4 20.9 20.4 20.0 19.6 19.4 19.2 19.0 19.0 … … … … N10276R30556 Annealed Ni–Fe–Cr–Co–Mo–W 45 (1) 100 45 0.85 24.3 21.8 19.6 18.1 17.1 16.4 16.1 15.9 15.7 15.5 15.3 15.2 15.0 14.8 14.7 14.5 14.4 11.6 R30556R30556 Annealed Ni–Fe–Cr–Co–Mo–W 45 (1) (2) 100 45 0.85 24.3 24.3 23.8 23.0 22.5 22.1 21.7 21.4 21.1 20.9 20.7 20.5 20.2 20.0 19.8 18.0 14.4 11.6 R30556
B673 N08925 Annealed Ni–Fe–Cr–Mo–Cu–Low C 45 (1) 87 43 0.85 21.1 19.7 18.1 16.8 15.6 14.7 14.4 14.4 14.4 14.4 … … … … … … … … N08925 B673N08925 Annealed Ni–Fe–Cr–Mo–Cu–Low C 45 (1) (2) 87 43 0.85 21.1 21.1 20.4 19.5 18.8 18.2 17.9 17.7 17.4 17.0 … … … … … … … … N08925N08926 Annealed Ni–Fe–Cr–Mo–Cu–N–Low C 45 (1) (19) (20) 94 43 0.85 22.9 20.5 18.3 16.7 15.9 15.3 15.0 14.9 14.8 … … … … … … … … … N08926N08926 Annealed Ni–Fe–Cr–Mo–Cu–N–Low C 45 (1) (2) (19) (20) 94 43 0.85 22.9 22.9 22.3 21.1 20.1 19.4 19.0 18.7 18.4 … … … … … … … … … N08926
B674 N08925 Annealed Ni–Fe–Cr–Mo–Cu–Low C 45 (1) 87 43 0.85 21.1 19.7 18.1 16.8 15.6 14.7 14.4 14.4 14.4 14.4 … … … … … … … … N08925 B674N08925 Annealed Ni–Fe–Cr–Mo–Cu–Low C 45 (1) (2) 87 43 0.85 21.1 21.1 20.4 19.5 18.8 18.2 17.9 17.7 17.4 17.0 … … … … … … … … N08925N08926 Annealed Ni–Fe–Cr–Mo–Cu–N–Low C 45 (1) (19) (20) 94 43 0.85 22.9 20.5 18.3 16.7 15.9 15.3 15.0 14.9 14.8 … … … … … … … … … N08926N08926 Annealed Ni–Fe–Cr–Mo–Cu–N–Low C 45 (1) (2) (19) (20) 94 43 0.85 22.9 22.9 22.3 21.1 20.1 19.4 19.0 18.7 18.4 … … … … … … … … … N08926
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Spec.
No.

UNS
Alloy
No.

Temper or
Condition

Nominal
Composition

P-
No. Notes

Specified
Minimum
Tensile,
ksi

Specified
Minimum
Yield,
ksi

E
or
F

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding
UNS
Alloy
No.

Spec
No.100 200 300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200

Seamless Pipe and Tube Seamless Pipe and Tube (Cont’d)B677 N08925 Annealed Ni–Fe–Cr–Mo–Cu–Low C 45 (1) 87 43 1.00 24.9 23.2 21.3 19.8 18.3 17.3 17.0 16.9 16.9 16.9 … … … … … … … … N08925 B677N08925 Annealed Ni–Fe–Cr–Mo–Cu–Low C 45 (1) (2) 87 43 1.00 24.9 24.9 23.9 23.0 22.1 21.4 21.1 20.8 20.4 20.1 … … … … … … … … N08925N08926 Annealed Ni–Fe–Cr–Mo–Cu–N–Low C 45 (1) (19) (20) 94 43 1.00 26.9 24.1 21.5 19.7 18.7 18.0 17.7 17.5 17.4 … … … … … … … … … N08926N08926 Annealed Ni–Fe–Cr–Mo–Cu–N–Low C 45 (1) (2) (19) (20) 94 43 1.00 26.9 26.9 26.2 24.8 23.7 22.8 22.4 22.0 21.6 … … … … … … … … … N08926
B690 N08367 Sol. ann. Fe–Ni–Cr–Mo–Cu–N 45 (8) (22) 95 45 1.00 27.1 26.2 23.8 21.9 20.5 19.4 19.0 18.6 18.3 18.0 … … … … … … … … N08367 B690N08367 Sol. ann. Fe–Ni–Cr–Mo–Cu–N 45 (2) (8) (22) 95 45 1.00 27.1 27.1 25.7 24.6 23.8 23.3 23.1 22.9 22.8 22.6 … … … … … … … … N08367N08367 Sol. ann. Fe–Ni–Cr–Mo–Cu–N 45 (21) 100 45 1.00 28.6 26.2 23.8 21.9 20.5 19.4 19.0 18.6 18.3 18.0 … … … … … … … … N08367N08367 Sol. ann. Fe–Ni–Cr–Mo–Cu–N 45 (2) (21) 100 45 1.00 28.6 28.6 27.0 25.8 25.0 24.5 24.3 24.1 24.0 23.8 … … … … … … … … N08367
B729 N08020 Annealed Ni–Fe–Cr–Mo–Cu–Cb 45 (1) 80 35 1.00 22.9 20.6 19.7 18.9 18.2 17.7 17.5 17.4 17.2 16.8 … … … … … … … … N08020 B729N08020 Annealed Ni–Fe–Cr–Mo–Cu–Cb 45 (1) (2) 80 35 1.00 22.9 22.9 22.6 22.2 22.1 22.1 22.0 21.9 21.8 21.8 … … … … … … … … N08020

Welded Pipe and Tube Welded Pipe and TubeB464 N08020 Annealed Ni–Fe–Cr–Mo–Cu–Cb 45 (1) 80 35 0.85 19.4 17.5 16.7 16.1 15.5 15.0 14.9 14.8 14.6 14.3 … … … … … … … … N08020 B464N08020 Annealed Ni–Fe–Cr–Mo–Cu–Cb 45 (1) (2) 80 35 0.85 19.4 19.4 19.2 18.8 18.8 18.8 18.7 18.6 18.5 18.5 … … … … … … … … N08020
B468 N08020 Annealed Ni–Fe–Cr–Mo–Cu–Cb 45 (1) 80 35 0.85 19.4 17.5 16.7 16.1 15.5 15.0 14.9 14.8 14.6 14.3 … … … … … … … … N08020 B468N08020 Annealed Ni–Fe–Cr–Mo–Cu–Cb 45 (1) (2) 80 35 0.85 19.4 19.4 19.2 18.8 18.8 18.8 18.7 18.6 18.5 18.5 … … … … … … … … N08020
B546 N06617 Annealed 52Ni–22Cr–13Co–9Mo 43 (1) (7) 95 35 0.85 19.8 17.7 16.3 15.4 14.6 14.1 13.9 13.8 13.6 13.5 13.4 13.3 13.3 13.2 13.1 13.1 13.0 13.0 N06617 B546N06617 Annealed 52Ni–22Cr–13Co–9Mo 43 (1) (2) (7) 95 35 0.85 19.8 19.8 19.8 19.8 19.8 19.1 18.8 18.6 18.4 18.3 18.1 18.0 17.9 17.8 17.8 17.7 17.6 15.4 N06617
B619 N06022 Sol. ann. Ni–Mo–Cr–Low C 44 (12) 100 45 0.85 24.3 22.7 20.9 19.4 18.3 17.4 17.0 16.7 16.4 16.2 … … … … … … … … N06022 B619N06022 Sol. ann. Ni–Mo–Cr–Low C 44 (2) (12) 100 45 0.85 24.3 22.7 20.9 19.4 18.3 17.4 17.0 16.7 16.4 16.2 … … … … … … … … N06022N10276 Sol. ann. Low C–Ni–Mo–Cr 43 (12) 100 41 0.85 23.2 21.2 19.6 18.1 16.9 16.0 15.5 15.1 14.8 14.5 14.4 14.2 14.1 14.0 … … … … N10276N10276 Sol. ann. Low C–Ni–Mo–Cr 43 (2) (12) 100 41 0.85 23.2 23.2 23.2 23.2 22.9 21.4 20.9 20.4 20.0 19.6 19.4 19.2 19.0 19.0 … … … … N10276R30556 Annealed Ni–Fe–Cr–Co–Mo–W 45 (1) 100 45 0.85 24.3 21.8 19.6 18.1 17.1 16.4 16.1 15.9 15.7 15.5 15.3 15.2 15.0 14.8 14.7 14.5 14.4 11.6 R30556R30556 Annealed Ni–Fe–Cr–Co–Mo–W 45 (1) (2) 100 45 0.85 24.3 24.3 23.8 23.0 22.5 22.1 21.7 21.4 21.1 20.9 20.7 20.5 20.2 20.0 19.8 18.0 14.4 11.6 R30556
B626 N06022 Sol. ann. Ni–Mo–Cr–Low C 44 (12) 100 45 0.85 24.3 24.3 23.9 23.1 22.6 22.1 21.9 21.8 21.6 21.5 … … … … … … … … N06022 B626N06022 Sol. ann. Ni–Mo–Cr–Low C 44 (2) (12) 100 45 0.85 24.3 24.3 23.9 23.1 22.6 22.1 21.9 21.8 21.6 21.5 … … … … … … … … N06022N10276 Sol. ann. Low C–Ni–Mo–Cr 43 (12) 100 41 0.85 23.2 21.2 19.6 18.1 16.9 16.0 15.5 15.1 14.8 14.5 14.4 14.2 14.1 14.0 … … … … N10276N10276 Sol. ann. Low C–Ni–Mo–Cr 43 (2) (12) 100 41 0.85 23.2 23.2 23.2 23.2 22.9 21.4 20.9 20.4 20.0 19.6 19.4 19.2 19.0 19.0 … … … … N10276R30556 Annealed Ni–Fe–Cr–Co–Mo–W 45 (1) 100 45 0.85 24.3 21.8 19.6 18.1 17.1 16.4 16.1 15.9 15.7 15.5 15.3 15.2 15.0 14.8 14.7 14.5 14.4 11.6 R30556R30556 Annealed Ni–Fe–Cr–Co–Mo–W 45 (1) (2) 100 45 0.85 24.3 24.3 23.8 23.0 22.5 22.1 21.7 21.4 21.1 20.9 20.7 20.5 20.2 20.0 19.8 18.0 14.4 11.6 R30556
B673 N08925 Annealed Ni–Fe–Cr–Mo–Cu–Low C 45 (1) 87 43 0.85 21.1 19.7 18.1 16.8 15.6 14.7 14.4 14.4 14.4 14.4 … … … … … … … … N08925 B673N08925 Annealed Ni–Fe–Cr–Mo–Cu–Low C 45 (1) (2) 87 43 0.85 21.1 21.1 20.4 19.5 18.8 18.2 17.9 17.7 17.4 17.0 … … … … … … … … N08925N08926 Annealed Ni–Fe–Cr–Mo–Cu–N–Low C 45 (1) (19) (20) 94 43 0.85 22.9 20.5 18.3 16.7 15.9 15.3 15.0 14.9 14.8 … … … … … … … … … N08926N08926 Annealed Ni–Fe–Cr–Mo–Cu–N–Low C 45 (1) (2) (19) (20) 94 43 0.85 22.9 22.9 22.3 21.1 20.1 19.4 19.0 18.7 18.4 … … … … … … … … … N08926
B674 N08925 Annealed Ni–Fe–Cr–Mo–Cu–Low C 45 (1) 87 43 0.85 21.1 19.7 18.1 16.8 15.6 14.7 14.4 14.4 14.4 14.4 … … … … … … … … N08925 B674N08925 Annealed Ni–Fe–Cr–Mo–Cu–Low C 45 (1) (2) 87 43 0.85 21.1 21.1 20.4 19.5 18.8 18.2 17.9 17.7 17.4 17.0 … … … … … … … … N08925N08926 Annealed Ni–Fe–Cr–Mo–Cu–N–Low C 45 (1) (19) (20) 94 43 0.85 22.9 20.5 18.3 16.7 15.9 15.3 15.0 14.9 14.8 … … … … … … … … … N08926N08926 Annealed Ni–Fe–Cr–Mo–Cu–N–Low C 45 (1) (2) (19) (20) 94 43 0.85 22.9 22.9 22.3 21.1 20.1 19.4 19.0 18.7 18.4 … … … … … … … … … N08926
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Spec.
No.

UNS
Alloy
No.

Temper or
Condition

Nominal
Composition

P-
No. Notes

Specified
Minimum
Tensile,
ksi

Specified
Minimum
Yield,
ksi

E
or
F

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding
UNS
Alloy
No.

Spec
No.100 200 300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200

Welded Pipe and Tube   (Cont’d) Welded Pipe and Tube (Cont’d)B675 N08367 Sol. ann. Fe–Ni–Cr–Mo–Cu–N 45 (1) (8) (22) 95 45 0.85 23.1 22.2 20.2 18.7 17.4 16.5 16.1 15.8 15.5 15.3 … … … … … … … … N08367 B675N08367 Sol. ann. Fe–Ni–Cr–Mo–Cu–N 45 (1) (2) (8) (22) 95 45 0.85 23.1 23.1 21.8 20.9 20.2 19.8 19.6 19.5 19.4 19.2 … … … … … … … … N08367N08367 Sol. ann. Fe–Ni–Cr–Mo–Cu–N 45 (1) (8) (21) 100 45 0.85 24.3 22.2 20.2 18.7 17.4 16.5 16.1 15.8 15.5 15.3 … … … … … … … … N08367N08367 Sol. ann. Fe–Ni–Cr–Mo–Cu–N 45 (1) (2) (8) (21) 100 45 0.85 24.3 24.3 23.0 22.0 21.3 20.8 20.7 20.5 20.4 20.2 … … … … … … … … N08367
B676 N08367 Sol. ann. Fe–Ni–Cr–Mo–Cu–N 45 (1) (8) (22) 95 45 0.85 23.1 22.2 20.2 18.7 17.4 16.5 16.1 15.8 15.5 15.3 … … … … … … … … N08367 B676N08367 Sol. ann. Fe–Ni–Cr–Mo–Cu–N 45 (1) (2) (8) (22) 95 45 0.85 23.1 23.1 21.8 20.9 20.2 19.8 19.6 19.5 19.4 19.2 … … … … … … … … N08367N08367 Sol. ann. Fe–Ni–Cr–Mo–Cu–N 45 (1) (8) (21) 100 45 0.85 24.3 22.2 20.2 18.7 17.4 16.5 16.1 15.8 15.5 15.3 … … … … … … … … N08367N08367 Sol. ann. Fe–Ni–Cr–Mo–Cu–N 45 (1) (2) (8) (21) 100 45 0.85 24.3 24.3 23.0 22.0 21.3 20.8 20.7 20.5 20.4 20.2 … … … … … … … … N08367
B704 N06625 Annealed Ni–Cr–Mo–Cb 43 (14) 120 60 0.85 29.1 29.1 29.1 28.5 28.0 27.5 27.3 27.0 26.8 26.5 26.3 26.0 25.7 25.4 25.1 24.7 … … N06625 B704
B705 N06625 Annealed Ni–Cr–Mo–Cb 43 (14) 120 60 0.85 29.1 29.1 29.1 28.5 28.0 27.5 27.3 27.0 26.8 26.5 26.3 26.0 25.7 25.4 25.1 24.7 … … N06625 B705
B804 N08367 Sol. ann. Fe–Ni–Cr–Mo–Cu–N 45 (1) (8) 95 45 0.85 23.1 22.2 20.2 18.7 17.4 16.5 16.1 15.8 15.5 15.3 … … … … … … … … N08367 B804N08367 Sol. ann. Fe–Ni–Cr–Mo–Cu–N 45 (1) (2) (8) 95 45 0.85 23.1 23.1 21.8 20.9 20.2 19.8 19.6 19.5 19.4 19.2 … … … … … … … … N08367N08367 Sol. ann. Fe–Ni–Cr–Mo–Cu–N 45 (1) (8) (21) 100 45 0.85 24.3 22.2 20.2 18.7 17.4 16.5 16.1 15.8 15.5 15.3 … … … … … … … … N08367N08367 Sol. ann. Fe–Ni–Cr–Mo–Cu–N 45 (1) (2) (8) (21) 100 45 0.85 24.3 24.3 23.0 22.0 21.3 20.8 20.7 20.5 20.4 20.2 … … … … … … … … N08367

Plate, Sheet, and Strip Plate, Sheet, and StripB168 N06600 Annealed Ni–Cr–Fe 43 … 80 35 1.00 22.9 21.3 20.8 20.5 20.2 19.9 19.8 19.6 19.4 19.1 18.7 16.0 10.6 7.0 4.5 3.0 2.2 2.0 N06600 B168N06600 Annealed Ni–Cr–Fe 43 (2) 80 35 1.00 22.9 22.9 22.9 22.9 22.9 22.9 22.9 22.9 22.9 22.9 22.4 16.0 10.6 7.0 4.5 3.0 2.2 2.0 N06600N06600 Hot rolled Ni–Cr–Fe 43 (4) 85 35 1.00 23.3 22.1 21.5 21.3 21.3 21.2 21.1 21.0 20.8 20.5 20.1 19.7 19.3 14.5 10.3 7.2 5.8 5.5 N06600N06600 Hot rolled Ni–Cr–Fe 43 (2) (4) 85 35 1.00 23.3 23.3 23.3 23.3 23.3 23.3 23.3 23.3 23.3 23.3 23.3 23.3 23.3 14.5 10.3 7.2 5.8 5.5 N06600
B168 N06617 Annealed 52Ni–22Cr–13Co–9Mo 43 (7) 95 35 1.00 23.3 20.8 19.2 18.1 17.2 16.6 16.4 16.2 16.0 15.9 15.8 15.7 15.6 15.5 15.4 15.4 15.3 15.3 N06617 B168N06617 Annealed 52Ni–22Cr–13Co–9Mo 43 (2) (7) 95 35 1.00 23.3 23.3 23.3 23.3 23.3 22.5 22.1 21.9 21.7 21.5 21.3 21.2 21.0 20.9 20.9 20.8 20.7 18.1 N06617N06690 Annealed 58Ni–29Cr–9Fe 43 (7) 85 35 1.00 23.3 23.3 23.3 23.3 23.1 22.9 22.9 22.8 22.7 22.6 22.5 22.2 16.5 11.6 9.0 6.5 4.5 3.0 N06690N06690 Annealed 58Ni–29Cr–9Fe 43 (2) (7) 85 35 1.00 23.3 21.1 19.9 19.1 18.6 18.4 18.4 18.4 18.4 18.4 18.4 18.3 16.5 11.6 9.0 6.5 4.5 3.0 N06690
B409 N08800 Annealed Ni–Cr–Fe 45 (4) (7) 75 30 1.00 20.0 18.5 17.8 17.2 16.8 16.3 16.1 15.9 15.7 15.5 15.3 15.1 14.9 14.7 14.5 13.0 9.8 6.6 N08800 B409N08800 Annealed Ni–Cr–Fe 45 (2) (4) (7) 75 30 1.00 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 19.9 17.0 13.0 9.8 6.6 N08800N08810 Annealed Ni–Cr–Fe 45 (4) (7) 65 25 1.00 16.7 15.4 14.4 13.6 12.9 12.2 11.9 11.6 11.4 11.1 10.9 10.7 10.5 10.4 10.2 10.0 9.3 7.4 N08810N08810 Annealed Ni–Cr–Fe 45 (2) (4) (7) 65 25 1.00 16.7 16.7 16.7 16.7 16.7 16.5 16.1 15.7 15.3 15.0 14.7 14.5 14.2 14.0 13.8 11.6 9.3 7.4 N08810
B424 N08825 Annealed Ni–Fe–Cr–Mo–Cu 45 (7) 85 35 1.00 23.3 21.4 20.3 19.4 18.5 17.8 17.5 17.3 17.2 17.0 … … … … … … … … N08825 B424N08825 Annealed Ni–Fe–Cr–Mo–Cu 45 (2) (7) 85 35 1.00 23.3 23.3 23.3 23.3 23.3 23.3 23.3 23.3 23.2 23.0 … … … … … … … … N08825
B435 R30556 Annealed Ni–Fe–Cr–Co–Mo–W 45 (1) 100 45 1.00 28.6 25.6 23.1 21.3 20.1 19.3 18.9 18.7 18.4 18.2 18.0 17.8 17.6 17.5 17.3 17.1 16.9 13.6 R30556 B435R30556 Annealed Ni–Fe–Cr–Co–Mo–W 45 (1) (2) 100 45 1.00 28.6 28.6 28.0 27.1 26.4 26.0 25.6 25.2 24.9 24.6 24.3 24.1 23.8 23.6 23.3 21.2 17.0 13.6 R30556
B443 N06625 Sol. ann. Ni–Cr–Mo–Cb 43 (14) (18) 100 40 1.00 26.7 24.9 23.6 22.6 21.8 21.1 20.8 20.6 20.3 20.1 20.0 19.8 19.7 19.5 19.4 19.4 … … N06625 B443N06625 Annealed Ni–Cr–Mo–Cb 43 (14) 110 55 1.00 31.4 31.4 31.4 30.8 30.2 29.7 29.4 29.1 28.9 28.6 28.3 28.0 27.7 27.4 27.0 26.6 … … N06625N06625 Annealed Ni–Cr–Mo–Cb 43 (14) (15) 120 60 1.00 34.3 34.3 34.3 33.6 32.9 32.4 32.1 31.8 31.5 31.2 30.9 30.6 30.3 29.9 29.5 29.0 … … N06625
B463 N08020 Annealed Ni–Fe–Cr–Mo–Cu–Cb 45 (1) 80 35 1.00 22.9 20.6 19.7 18.9 18.2 17.7 17.5 17.4 17.2 16.8 … … … … … … … … N08020 B463N08020 Annealed Ni–Fe–Cr–Mo–Cu–Cb 45 (1) (12) 80 35 1.00 22.9 22.9 22.9 22.6 22.2 22.1 22.1 22.0 21.9 21.8 … … … … … … … … N08020
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Spec.
No.

UNS
Alloy
No.

Temper or
Condition

Nominal
Composition

P-
No. Notes

Specified
Minimum
Tensile,
ksi

Specified
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Yield,
ksi

E
or
F

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding
UNS
Alloy
No.

Spec
No.100 200 300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200

Welded Pipe and Tube Welded Pipe and Tube (Cont’d)B675 N08367 Sol. ann. Fe–Ni–Cr–Mo–Cu–N 45 (1) (8) (22) 95 45 0.85 23.1 22.2 20.2 18.7 17.4 16.5 16.1 15.8 15.5 15.3 … … … … … … … … N08367 B675N08367 Sol. ann. Fe–Ni–Cr–Mo–Cu–N 45 (1) (2) (8) (22) 95 45 0.85 23.1 23.1 21.8 20.9 20.2 19.8 19.6 19.5 19.4 19.2 … … … … … … … … N08367N08367 Sol. ann. Fe–Ni–Cr–Mo–Cu–N 45 (1) (8) (21) 100 45 0.85 24.3 22.2 20.2 18.7 17.4 16.5 16.1 15.8 15.5 15.3 … … … … … … … … N08367N08367 Sol. ann. Fe–Ni–Cr–Mo–Cu–N 45 (1) (2) (8) (21) 100 45 0.85 24.3 24.3 23.0 22.0 21.3 20.8 20.7 20.5 20.4 20.2 … … … … … … … … N08367
B676 N08367 Sol. ann. Fe–Ni–Cr–Mo–Cu–N 45 (1) (8) (22) 95 45 0.85 23.1 22.2 20.2 18.7 17.4 16.5 16.1 15.8 15.5 15.3 … … … … … … … … N08367 B676N08367 Sol. ann. Fe–Ni–Cr–Mo–Cu–N 45 (1) (2) (8) (22) 95 45 0.85 23.1 23.1 21.8 20.9 20.2 19.8 19.6 19.5 19.4 19.2 … … … … … … … … N08367N08367 Sol. ann. Fe–Ni–Cr–Mo–Cu–N 45 (1) (8) (21) 100 45 0.85 24.3 22.2 20.2 18.7 17.4 16.5 16.1 15.8 15.5 15.3 … … … … … … … … N08367N08367 Sol. ann. Fe–Ni–Cr–Mo–Cu–N 45 (1) (2) (8) (21) 100 45 0.85 24.3 24.3 23.0 22.0 21.3 20.8 20.7 20.5 20.4 20.2 … … … … … … … … N08367
B704 N06625 Annealed Ni–Cr–Mo–Cb 43 (14) 120 60 0.85 29.1 29.1 29.1 28.5 28.0 27.5 27.3 27.0 26.8 26.5 26.3 26.0 25.7 25.4 25.1 24.7 … … N06625 B704
B705 N06625 Annealed Ni–Cr–Mo–Cb 43 (14) 120 60 0.85 29.1 29.1 29.1 28.5 28.0 27.5 27.3 27.0 26.8 26.5 26.3 26.0 25.7 25.4 25.1 24.7 … … N06625 B705
B804 N08367 Sol. ann. Fe–Ni–Cr–Mo–Cu–N 45 (1) (8) 95 45 0.85 23.1 22.2 20.2 18.7 17.4 16.5 16.1 15.8 15.5 15.3 … … … … … … … … N08367 B804N08367 Sol. ann. Fe–Ni–Cr–Mo–Cu–N 45 (1) (2) (8) 95 45 0.85 23.1 23.1 21.8 20.9 20.2 19.8 19.6 19.5 19.4 19.2 … … … … … … … … N08367N08367 Sol. ann. Fe–Ni–Cr–Mo–Cu–N 45 (1) (8) (21) 100 45 0.85 24.3 22.2 20.2 18.7 17.4 16.5 16.1 15.8 15.5 15.3 … … … … … … … … N08367N08367 Sol. ann. Fe–Ni–Cr–Mo–Cu–N 45 (1) (2) (8) (21) 100 45 0.85 24.3 24.3 23.0 22.0 21.3 20.8 20.7 20.5 20.4 20.2 … … … … … … … … N08367

Plate, Sheet, and Strip Plate, Sheet, and StripB168 N06600 Annealed Ni–Cr–Fe 43 … 80 35 1.00 22.9 21.3 20.8 20.5 20.2 19.9 19.8 19.6 19.4 19.1 18.7 16.0 10.6 7.0 4.5 3.0 2.2 2.0 N06600 B168N06600 Annealed Ni–Cr–Fe 43 (2) 80 35 1.00 22.9 22.9 22.9 22.9 22.9 22.9 22.9 22.9 22.9 22.9 22.4 16.0 10.6 7.0 4.5 3.0 2.2 2.0 N06600N06600 Hot rolled Ni–Cr–Fe 43 (4) 85 35 1.00 23.3 22.1 21.5 21.3 21.3 21.2 21.1 21.0 20.8 20.5 20.1 19.7 19.3 14.5 10.3 7.2 5.8 5.5 N06600N06600 Hot rolled Ni–Cr–Fe 43 (2) (4) 85 35 1.00 23.3 23.3 23.3 23.3 23.3 23.3 23.3 23.3 23.3 23.3 23.3 23.3 23.3 14.5 10.3 7.2 5.8 5.5 N06600
B168 N06617 Annealed 52Ni–22Cr–13Co–9Mo 43 (7) 95 35 1.00 23.3 20.8 19.2 18.1 17.2 16.6 16.4 16.2 16.0 15.9 15.8 15.7 15.6 15.5 15.4 15.4 15.3 15.3 N06617 B168N06617 Annealed 52Ni–22Cr–13Co–9Mo 43 (2) (7) 95 35 1.00 23.3 23.3 23.3 23.3 23.3 22.5 22.1 21.9 21.7 21.5 21.3 21.2 21.0 20.9 20.9 20.8 20.7 18.1 N06617N06690 Annealed 58Ni–29Cr–9Fe 43 (7) 85 35 1.00 23.3 23.3 23.3 23.3 23.1 22.9 22.9 22.8 22.7 22.6 22.5 22.2 16.5 11.6 9.0 6.5 4.5 3.0 N06690N06690 Annealed 58Ni–29Cr–9Fe 43 (2) (7) 85 35 1.00 23.3 21.1 19.9 19.1 18.6 18.4 18.4 18.4 18.4 18.4 18.4 18.3 16.5 11.6 9.0 6.5 4.5 3.0 N06690
B409 N08800 Annealed Ni–Cr–Fe 45 (4) (7) 75 30 1.00 20.0 18.5 17.8 17.2 16.8 16.3 16.1 15.9 15.7 15.5 15.3 15.1 14.9 14.7 14.5 13.0 9.8 6.6 N08800 B409N08800 Annealed Ni–Cr–Fe 45 (2) (4) (7) 75 30 1.00 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 19.9 17.0 13.0 9.8 6.6 N08800N08810 Annealed Ni–Cr–Fe 45 (4) (7) 65 25 1.00 16.7 15.4 14.4 13.6 12.9 12.2 11.9 11.6 11.4 11.1 10.9 10.7 10.5 10.4 10.2 10.0 9.3 7.4 N08810N08810 Annealed Ni–Cr–Fe 45 (2) (4) (7) 65 25 1.00 16.7 16.7 16.7 16.7 16.7 16.5 16.1 15.7 15.3 15.0 14.7 14.5 14.2 14.0 13.8 11.6 9.3 7.4 N08810
B424 N08825 Annealed Ni–Fe–Cr–Mo–Cu 45 (7) 85 35 1.00 23.3 21.4 20.3 19.4 18.5 17.8 17.5 17.3 17.2 17.0 … … … … … … … … N08825 B424N08825 Annealed Ni–Fe–Cr–Mo–Cu 45 (2) (7) 85 35 1.00 23.3 23.3 23.3 23.3 23.3 23.3 23.3 23.3 23.2 23.0 … … … … … … … … N08825
B435 R30556 Annealed Ni–Fe–Cr–Co–Mo–W 45 (1) 100 45 1.00 28.6 25.6 23.1 21.3 20.1 19.3 18.9 18.7 18.4 18.2 18.0 17.8 17.6 17.5 17.3 17.1 16.9 13.6 R30556 B435R30556 Annealed Ni–Fe–Cr–Co–Mo–W 45 (1) (2) 100 45 1.00 28.6 28.6 28.0 27.1 26.4 26.0 25.6 25.2 24.9 24.6 24.3 24.1 23.8 23.6 23.3 21.2 17.0 13.6 R30556
B443 N06625 Sol. ann. Ni–Cr–Mo–Cb 43 (14) (18) 100 40 1.00 26.7 24.9 23.6 22.6 21.8 21.1 20.8 20.6 20.3 20.1 20.0 19.8 19.7 19.5 19.4 19.4 … … N06625 B443N06625 Annealed Ni–Cr–Mo–Cb 43 (14) 110 55 1.00 31.4 31.4 31.4 30.8 30.2 29.7 29.4 29.1 28.9 28.6 28.3 28.0 27.7 27.4 27.0 26.6 … … N06625N06625 Annealed Ni–Cr–Mo–Cb 43 (14) (15) 120 60 1.00 34.3 34.3 34.3 33.6 32.9 32.4 32.1 31.8 31.5 31.2 30.9 30.6 30.3 29.9 29.5 29.0 … … N06625
B463 N08020 Annealed Ni–Fe–Cr–Mo–Cu–Cb 45 (1) 80 35 1.00 22.9 20.6 19.7 18.9 18.2 17.7 17.5 17.4 17.2 16.8 … … … … … … … … N08020 B463N08020 Annealed Ni–Fe–Cr–Mo–Cu–Cb 45 (1) (12) 80 35 1.00 22.9 22.9 22.9 22.6 22.2 22.1 22.1 22.0 21.9 21.8 … … … … … … … … N08020
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Spec.
No.

UNS
Alloy
No.

Temper or
Condition

Nominal
Composition

P-
No. Notes

Specified
Minimum
Tensile,
ksi

Specified
Minimum
Yield,
ksi

E
or
F

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding
UNS
Alloy
No.

Spec
No.100 200 300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200

Plate, Sheet, and Strip   (Cont’d) Plate, Sheet, and Strip (Cont’d)B575 N06022 Sol. ann. Ni–Mo–Cr–Low C 44 (12) 100 45 1.00 28.6 28.6 28.2 27.2 26.5 26.0 25.8 25.6 25.4 25.3 … … … … … … … … N06022 B575N06022 Sol. ann. Ni–Mo–Cr–Low C 44 (2) (12) 100 45 1.00 28.6 28.6 28.2 27.2 26.5 26.0 25.8 25.6 25.4 25.3 … … … … … … … … N06022N10276 Sol. ann. Low C–Ni–Mo–Cr 43 (12) 100 41 1.00 27.3 24.9 23.0 21.3 19.9 18.8 18.2 17.8 17.4 17.1 16.8 16.7 16.5 16.5 … … … … N10276N10276 Sol. ann. Low C–Ni–Mo–Cr 43 (2) (12) 100 41 1.00 27.3 27.3 27.3 27.3 26.9 25.2 24.6 24.0 23.5 23.1 22.8 22.6 22.4 22.3 … … … … N10276B625 N08925 Annealed Ni–Fe–Cr–Mo–Cu–Low C 45 (1) 87 43 1.00 24.9 23.2 21.3 19.8 18.3 17.3 17.0 16.9 16.9 16.9 … … … … … … … … N08925 B625N08925 Annealed Ni–Fe–Cr–Mo–Cu–Low C 45 (1) (2) 87 43 1.00 24.9 24.9 23.9 23.0 22.1 21.4 21.1 20.8 20.4 20.1 … … … … … … … … N08925N08926 Annealed Ni–Fe–Cr–Mo–Cu–N–Low C 45 (1) (19) (20) 94 43 1.00 26.9 24.1 21.5 19.7 18.7 18.0 17.7 17.5 17.4 … … … … … … … … … N08926N08926 Annealed Ni–Fe–Cr–Mo–Cu–N–Low C 45 (1) (2) (19) (20) 94 43 1.00 26.9 26.9 26.2 24.8 23.7 22.8 22.4 22.0 21.6 … … … … … … … … … N08926B688 N08367 Sol. ann. Fe–Ni–Cr–Mo–Cu–N 45 (1) (7) (11) (22) 95 45 1.00 27.1 26.2 23.8 21.9 20.5 19.4 19.0 18.6 18.3 18.0 … … … … … … … … N08367 B688N08367 Sol. ann. Fe–Ni–Cr–Mo–Cu–N 45 (1) (2) (7) (11) (22) 95 45 1.00 27.1 27.1 25.7 24.6 23.8 23.3 23.1 22.9 22.8 22.6 … … … … … … … … N08367N08367 Sol. ann. Fe–Ni–Cr–Mo–Cu–N 45 (1) (7) (10) (21) 100 45 1.00 28.6 26.2 23.8 21.9 20.5 19.4 19.0 18.6 18.3 18.0 … … … … … … … … N08367N08367 Sol. ann. Fe–Ni–Cr–Mo–Cu–N 45 (1) (2) (7) (10) (21) 100 45 1.00 28.6 28.6 27.0 25.8 25.0 24.5 24.3 24.1 24.0 23.8 … … … … … … … … N08367
Bars, Rods, Shapes, and Forgings Bars, Rods, Shapes, and ForgingsB166 N06617 Annealed 52Ni–22Cr–13Co–9Mo 43 (7) 95 35 1.00 23.3 20.8 19.2 18.1 17.2 16.6 16.4 16.2 16.0 15.9 15.8 15.7 15.6 15.5 15.4 15.4 15.3 15.3 N06617 B166N06617 Annealed 52Ni–22Cr–13Co–9Mo 43 (2) (7) 95 35 1.00 23.3 23.3 23.3 23.3 23.3 22.5 22.1 21.9 21.7 21.5 21.3 21.2 21.0 20.9 20.9 20.8 20.7 18.1 N06617N06690 Annealed 58Ni–29Cr–9Fe 43 (7) 85 35 1.00 23.3 23.3 23.3 23.3 23.1 22.9 22.9 22.8 22.7 22.6 22.5 22.2 16.5 11.6 9.0 6.5 4.5 3.0 N06690N06690 Annealed 58Ni–29Cr–9Fe 43 (2) (7) 85 35 1.00 23.3 21.1 19.9 19.1 18.6 18.4 18.4 18.4 18.4 18.4 18.4 18.3 16.5 11.6 9.0 6.5 4.5 3.0 N06690B408 N08800 Annealed Ni–Cr–Fe 45 (7) 75 30 1.00 20.0 18.5 17.8 17.2 16.8 16.3 16.1 15.9 15.7 15.5 15.3 15.1 14.9 14.7 14.5 13.0 9.8 6.6 N08800 B408N08800 Annealed Ni–Cr–Fe 45 (2) (7) 75 30 1.00 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 19.9 17.0 13.0 9.8 6.6 N08800N08810 Annealed Ni–Cr–Fe 45 (7) 65 25 1.00 16.7 15.4 14.4 13.6 12.9 12.2 11.9 11.6 11.4 11.1 10.9 10.7 10.5 10.4 10.2 10.0 9.3 7.4 N08810N08810 Annealed Ni–Cr–Fe 45 (2) (7) 65 25 1.00 16.7 16.7 16.7 16.7 16.7 16.5 16.1 15.7 15.3 15.0 14.7 14.5 14.2 14.0 13.8 11.6 9.3 7.4 N08810B425 N08825 Annealed Ni–Fe–Cr–Mo–Cu 45 (7) 85 35 1.00 23.3 21.4 20.3 19.4 18.5 17.8 17.5 17.3 17.2 17.0 … … … … … … … … N08825 B425N08825 Annealed Ni–Fe–Cr–Mo–Cu 45 (2) (7) 85 35 1.00 23.3 23.3 23.3 23.3 23.3 23.3 23.3 23.3 23.2 23.0 … … … … … … … … N08825B446 N06625 Sol. ann. Ni–Cr–Mo–Cb 43 (14) (18) 100 40 1.00 26.7 24.9 23.6 22.6 21.8 21.1 20.8 20.6 20.3 20.1 20.0 19.8 19.7 19.5 19.4 19.4 … … N06625 B446N06625 Annealed Ni–Cr–Mo–Cb 43 (2) (14) (16) 110 50 1.00 31.4 31.4 31.4 30.8 30.2 29.7 29.4 29.1 28.9 28.6 28.3 28.0 27.7 27.4 27.0 26.6 … … N06625N06625 Annealed Ni–Cr–Mo–Cb 43 (2) (14) (15) (17) 120 60 1.00 34.3 34.3 34.3 33.6 32.9 32.4 32.1 31.8 31.5 31.2 30.9 30.6 30.3 29.9 29.5 29.0 … … N06625B462 N08020 Annealed Ni–Fe–Cr–Mo–Cu–Cb 45 (1) 80 35 1.00 22.9 20.6 19.7 18.9 18.2 17.7 17.5 17.4 17.2 16.8 … … … … … … … … N08020 B462N08020 Annealed Ni–Fe–Cr–Mo–Cu–Cb 45 (1) (2) 80 35 1.00 22.9 22.9 22.6 22.2 22.1 22.1 22.0 21.9 21.8 21.8 … … … … … … … … N08020B473 N08020 Annealed Cr–Ni–Fe–Mo–Cu–Cb 45 (1) 80 35 1.00 22.9 20.6 19.7 18.9 18.2 17.7 17.5 17.4 17.2 16.8 … … … … … … … … N08020 B473N08020 Annealed Cr–Ni–Fe–Mo–Cu–Cb 45 (1) (2) 80 35 1.00 22.9 22.9 22.6 22.2 22.1 22.1 22.0 21.9 21.8 21.8 … … … … … … … … N08020B564 N06617 Annealed 52Ni–22Cr–13Co–9Mo 43 (7) 95 35 1.00 23.3 20.8 19.2 18.1 17.2 16.6 16.4 16.2 16.0 15.9 15.8 15.7 15.6 15.5 15.4 15.4 15.3 15.3 N06617 B564N06617 Annealed 52Ni–22Cr–13Co–9Mo 43 (2) (7) 95 35 1.00 23.3 23.3 23.3 23.3 23.3 22.5 22.1 21.9 21.7 21.5 21.3 21.2 21.0 20.9 20.9 20.8 20.7 18.1 N06617N06625 Annealed Ni–Cr–Mo–Cb 43 (2) (14) (16) 110 50 1.00 31.4 31.4 31.4 30.8 30.2 29.7 29.4 29.1 28.9 28.6 28.3 28.0 27.7 27.4 27.0 26.6 … … N06625N06625 Annealed Ni–Cr–Mo–Cb 43 (2) (14) (15) (17) 120 60 1.00 34.3 34.3 34.3 33.6 32.9 32.4 32.1 31.8 31.5 31.2 30.9 30.6 30.3 29.9 29.5 29.0 … … N06625B564 N08367 Sol. ann. Fe–Ni–Cr–Mo–Cu–N 45 (1) (8) (22) 95 45 1.00 27.1 26.2 23.8 21.9 20.5 19.4 19.0 18.6 18.3 18.0 … … … … … … … … N08367 B564N08367 Sol. ann. Fe–Ni–Cr–Mo–Cu–N 45 (1) (2) (8) (22) 95 45 1.00 27.1 27.1 25.7 24.6 23.8 23.3 23.1 22.9 22.8 22.6 … … … … … … … … N08367N08800 Annealed Ni–Cr–Fe 45 … 75 30 1.00 20.0 18.5 17.8 17.2 16.8 16.3 16.1 15.9 15.7 15.5 15.3 15.1 14.9 14.7 14.5 13.0 9.8 6.6 N08800N08800 Annealed Ni–Cr–Fe 45 (2) 75 30 1.00 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 19.9 17.0 13.0 9.8 6.6 N08800N08810 Annealed Ni–Cr–Fe 45 … 65 25 1.00 16.7 15.4 14.4 13.6 12.9 12.2 11.9 11.6 11.4 11.1 10.9 10.7 10.5 10.4 10.2 10.0 9.3 7.4 N08810N08810 Annealed Ni–Cr–Fe 45 (2) 65 25 1.00 16.7 16.7 16.7 16.7 16.7 16.5 16.1 15.7 15.3 15.0 14.7 14.5 14.2 14.0 13.8 11.6 9.3 7.4 N08810
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Spec.
No.

UNS
Alloy
No.

Temper or
Condition

Nominal
Composition

P-
No. Notes

Specified
Minimum
Tensile,
ksi

Specified
Minimum
Yield,
ksi

E
or
F

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding
UNS
Alloy
No.

Spec
No.100 200 300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200

Plate, Sheet, and Strip Plate, Sheet, and Strip (Cont’d)B575 N06022 Sol. ann. Ni–Mo–Cr–Low C 44 (12) 100 45 1.00 28.6 28.6 28.2 27.2 26.5 26.0 25.8 25.6 25.4 25.3 … … … … … … … … N06022 B575N06022 Sol. ann. Ni–Mo–Cr–Low C 44 (2) (12) 100 45 1.00 28.6 28.6 28.2 27.2 26.5 26.0 25.8 25.6 25.4 25.3 … … … … … … … … N06022N10276 Sol. ann. Low C–Ni–Mo–Cr 43 (12) 100 41 1.00 27.3 24.9 23.0 21.3 19.9 18.8 18.2 17.8 17.4 17.1 16.8 16.7 16.5 16.5 … … … … N10276N10276 Sol. ann. Low C–Ni–Mo–Cr 43 (2) (12) 100 41 1.00 27.3 27.3 27.3 27.3 26.9 25.2 24.6 24.0 23.5 23.1 22.8 22.6 22.4 22.3 … … … … N10276B625 N08925 Annealed Ni–Fe–Cr–Mo–Cu–Low C 45 (1) 87 43 1.00 24.9 23.2 21.3 19.8 18.3 17.3 17.0 16.9 16.9 16.9 … … … … … … … … N08925 B625N08925 Annealed Ni–Fe–Cr–Mo–Cu–Low C 45 (1) (2) 87 43 1.00 24.9 24.9 23.9 23.0 22.1 21.4 21.1 20.8 20.4 20.1 … … … … … … … … N08925N08926 Annealed Ni–Fe–Cr–Mo–Cu–N–Low C 45 (1) (19) (20) 94 43 1.00 26.9 24.1 21.5 19.7 18.7 18.0 17.7 17.5 17.4 … … … … … … … … … N08926N08926 Annealed Ni–Fe–Cr–Mo–Cu–N–Low C 45 (1) (2) (19) (20) 94 43 1.00 26.9 26.9 26.2 24.8 23.7 22.8 22.4 22.0 21.6 … … … … … … … … … N08926B688 N08367 Sol. ann. Fe–Ni–Cr–Mo–Cu–N 45 (1) (7) (11) (22) 95 45 1.00 27.1 26.2 23.8 21.9 20.5 19.4 19.0 18.6 18.3 18.0 … … … … … … … … N08367 B688N08367 Sol. ann. Fe–Ni–Cr–Mo–Cu–N 45 (1) (2) (7) (11) (22) 95 45 1.00 27.1 27.1 25.7 24.6 23.8 23.3 23.1 22.9 22.8 22.6 … … … … … … … … N08367N08367 Sol. ann. Fe–Ni–Cr–Mo–Cu–N 45 (1) (7) (10) (21) 100 45 1.00 28.6 26.2 23.8 21.9 20.5 19.4 19.0 18.6 18.3 18.0 … … … … … … … … N08367N08367 Sol. ann. Fe–Ni–Cr–Mo–Cu–N 45 (1) (2) (7) (10) (21) 100 45 1.00 28.6 28.6 27.0 25.8 25.0 24.5 24.3 24.1 24.0 23.8 … … … … … … … … N08367
Bars, Rods, Shapes, and Forgings Bars, Rods, Shapes, and ForgingsB166 N06617 Annealed 52Ni–22Cr–13Co–9Mo 43 (7) 95 35 1.00 23.3 20.8 19.2 18.1 17.2 16.6 16.4 16.2 16.0 15.9 15.8 15.7 15.6 15.5 15.4 15.4 15.3 15.3 N06617 B166N06617 Annealed 52Ni–22Cr–13Co–9Mo 43 (2) (7) 95 35 1.00 23.3 23.3 23.3 23.3 23.3 22.5 22.1 21.9 21.7 21.5 21.3 21.2 21.0 20.9 20.9 20.8 20.7 18.1 N06617N06690 Annealed 58Ni–29Cr–9Fe 43 (7) 85 35 1.00 23.3 23.3 23.3 23.3 23.1 22.9 22.9 22.8 22.7 22.6 22.5 22.2 16.5 11.6 9.0 6.5 4.5 3.0 N06690N06690 Annealed 58Ni–29Cr–9Fe 43 (2) (7) 85 35 1.00 23.3 21.1 19.9 19.1 18.6 18.4 18.4 18.4 18.4 18.4 18.4 18.3 16.5 11.6 9.0 6.5 4.5 3.0 N06690B408 N08800 Annealed Ni–Cr–Fe 45 (7) 75 30 1.00 20.0 18.5 17.8 17.2 16.8 16.3 16.1 15.9 15.7 15.5 15.3 15.1 14.9 14.7 14.5 13.0 9.8 6.6 N08800 B408N08800 Annealed Ni–Cr–Fe 45 (2) (7) 75 30 1.00 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 19.9 17.0 13.0 9.8 6.6 N08800N08810 Annealed Ni–Cr–Fe 45 (7) 65 25 1.00 16.7 15.4 14.4 13.6 12.9 12.2 11.9 11.6 11.4 11.1 10.9 10.7 10.5 10.4 10.2 10.0 9.3 7.4 N08810N08810 Annealed Ni–Cr–Fe 45 (2) (7) 65 25 1.00 16.7 16.7 16.7 16.7 16.7 16.5 16.1 15.7 15.3 15.0 14.7 14.5 14.2 14.0 13.8 11.6 9.3 7.4 N08810B425 N08825 Annealed Ni–Fe–Cr–Mo–Cu 45 (7) 85 35 1.00 23.3 21.4 20.3 19.4 18.5 17.8 17.5 17.3 17.2 17.0 … … … … … … … … N08825 B425N08825 Annealed Ni–Fe–Cr–Mo–Cu 45 (2) (7) 85 35 1.00 23.3 23.3 23.3 23.3 23.3 23.3 23.3 23.3 23.2 23.0 … … … … … … … … N08825B446 N06625 Sol. ann. Ni–Cr–Mo–Cb 43 (14) (18) 100 40 1.00 26.7 24.9 23.6 22.6 21.8 21.1 20.8 20.6 20.3 20.1 20.0 19.8 19.7 19.5 19.4 19.4 … … N06625 B446N06625 Annealed Ni–Cr–Mo–Cb 43 (2) (14) (16) 110 50 1.00 31.4 31.4 31.4 30.8 30.2 29.7 29.4 29.1 28.9 28.6 28.3 28.0 27.7 27.4 27.0 26.6 … … N06625N06625 Annealed Ni–Cr–Mo–Cb 43 (2) (14) (15) (17) 120 60 1.00 34.3 34.3 34.3 33.6 32.9 32.4 32.1 31.8 31.5 31.2 30.9 30.6 30.3 29.9 29.5 29.0 … … N06625B462 N08020 Annealed Ni–Fe–Cr–Mo–Cu–Cb 45 (1) 80 35 1.00 22.9 20.6 19.7 18.9 18.2 17.7 17.5 17.4 17.2 16.8 … … … … … … … … N08020 B462N08020 Annealed Ni–Fe–Cr–Mo–Cu–Cb 45 (1) (2) 80 35 1.00 22.9 22.9 22.6 22.2 22.1 22.1 22.0 21.9 21.8 21.8 … … … … … … … … N08020B473 N08020 Annealed Cr–Ni–Fe–Mo–Cu–Cb 45 (1) 80 35 1.00 22.9 20.6 19.7 18.9 18.2 17.7 17.5 17.4 17.2 16.8 … … … … … … … … N08020 B473N08020 Annealed Cr–Ni–Fe–Mo–Cu–Cb 45 (1) (2) 80 35 1.00 22.9 22.9 22.6 22.2 22.1 22.1 22.0 21.9 21.8 21.8 … … … … … … … … N08020B564 N06617 Annealed 52Ni–22Cr–13Co–9Mo 43 (7) 95 35 1.00 23.3 20.8 19.2 18.1 17.2 16.6 16.4 16.2 16.0 15.9 15.8 15.7 15.6 15.5 15.4 15.4 15.3 15.3 N06617 B564N06617 Annealed 52Ni–22Cr–13Co–9Mo 43 (2) (7) 95 35 1.00 23.3 23.3 23.3 23.3 23.3 22.5 22.1 21.9 21.7 21.5 21.3 21.2 21.0 20.9 20.9 20.8 20.7 18.1 N06617N06625 Annealed Ni–Cr–Mo–Cb 43 (2) (14) (16) 110 50 1.00 31.4 31.4 31.4 30.8 30.2 29.7 29.4 29.1 28.9 28.6 28.3 28.0 27.7 27.4 27.0 26.6 … … N06625N06625 Annealed Ni–Cr–Mo–Cb 43 (2) (14) (15) (17) 120 60 1.00 34.3 34.3 34.3 33.6 32.9 32.4 32.1 31.8 31.5 31.2 30.9 30.6 30.3 29.9 29.5 29.0 … … N06625B564 N08367 Sol. ann. Fe–Ni–Cr–Mo–Cu–N 45 (1) (8) (22) 95 45 1.00 27.1 26.2 23.8 21.9 20.5 19.4 19.0 18.6 18.3 18.0 … … … … … … … … N08367 B564N08367 Sol. ann. Fe–Ni–Cr–Mo–Cu–N 45 (1) (2) (8) (22) 95 45 1.00 27.1 27.1 25.7 24.6 23.8 23.3 23.1 22.9 22.8 22.6 … … … … … … … … N08367N08800 Annealed Ni–Cr–Fe 45 … 75 30 1.00 20.0 18.5 17.8 17.2 16.8 16.3 16.1 15.9 15.7 15.5 15.3 15.1 14.9 14.7 14.5 13.0 9.8 6.6 N08800N08800 Annealed Ni–Cr–Fe 45 (2) 75 30 1.00 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 20.0 19.9 17.0 13.0 9.8 6.6 N08800N08810 Annealed Ni–Cr–Fe 45 … 65 25 1.00 16.7 15.4 14.4 13.6 12.9 12.2 11.9 11.6 11.4 11.1 10.9 10.7 10.5 10.4 10.2 10.0 9.3 7.4 N08810N08810 Annealed Ni–Cr–Fe 45 (2) 65 25 1.00 16.7 16.7 16.7 16.7 16.7 16.5 16.1 15.7 15.3 15.0 14.7 14.5 14.2 14.0 13.8 11.6 9.3 7.4 N08810
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Spec.
No.

UNS
Alloy
No.

Temper or
Condition

Nominal
Composition

P-
No. Notes

Specified
Minimum
Tensile,
ksi

Specified
Minimum
Yield,
ksi

E
or
F

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding
UNS
Alloy
No.

Spec
No.100 200 300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200

Bars, Rods, Shapes, and Forgings   (Cont’d) Bars, Rods, Shapes, and Forgings (Cont’d)B572 R30556 Annealed Ni–Fe–Cr–Co–Mo–W 45 (1) 100 45 1.00 28.6 25.6 23.1 21.3 20.1 19.3 18.9 18.7 18.4 18.2 18.0 17.8 17.6 17.5 17.3 17.1 16.9 13.6 R30556 B572R30556 Annealed Ni–Fe–Cr–Co–Mo–W 45 (1) (2) 100 45 1.00 28.6 28.6 28.0 27.1 26.4 26.0 25.6 25.2 24.9 24.6 24.3 24.1 23.8 23.6 23.3 21.2 17.0 13.6 R30556
B574 N06022 Sol. ann. Ni–Mo–Cr–Low C 44 (12) 100 45 1.00 28.6 22.9 22.9 22.6 22.2 22.1 22.1 22.0 21.9 21.8 … … … … … … … … N06022 B574N06022 Sol. ann. Ni–Mo–Cr–Low C 44 (2) (12) 100 45 1.00 28.6 28.6 28.2 27.2 26.5 26.0 25.8 25.6 25.4 25.3 … … … … … … … … N06022N10276 Sol. ann. Low C–Ni–Mo–Cr 43 (12) 100 41 1.00 27.3 24.9 23.0 21.3 19.9 18.8 18.2 17.8 17.4 17.1 16.9 16.7 16.6 16.5 … … … … N10276N10276 Sol. ann. Low C–Ni–Mo–Cr 43 (2) (12) 100 41 1.00 27.3 27.3 27.3 27.3 26.9 25.2 24.6 24.0 23.5 23.1 22.8 22.6 22.4 22.3 … … … … N10276
B649 N08925 Annealed Ni–Fe–Cr–Mo–Cu–Low C 45 (1) 87 43 1.00 24.9 23.2 21.3 19.8 18.3 17.3 17.0 16.9 16.9 16.9 … … … … … … … … N08925 B649N08925 Annealed Ni–Fe–Cr–Mo–Cu–Low C 45 (1) (2) 87 43 1.00 24.9 24.9 23.9 23.0 22.1 21.4 21.1 20.8 20.4 20.1 … … … … … … … … N08925N08926 Annealed Ni–Fe–Cr–Mo–Cu–N–Low C … (1) 94 43 1.00 26.9 24.1 21.5 19.7 18.7 18.0 17.7 17.5 17.4 … … … … … … … … … N08926N08926 Annealed Ni–Fe–Cr–Mo–Cu–N–Low C … (1) (2) 94 43 1.00 26.9 26.9 26.2 24.8 23.7 22.8 22.4 22.0 21.6 … … … … … … … … … N08926
B691 N08367 Sol. ann. Fe–Ni–Cr–Mo–Cu–N 45 (1) (8) (22) 95 45 1.00 27.1 26.2 23.8 21.9 20.5 19.4 19.0 18.6 18.3 18.0 … … … … … … … … N08367 B691N08367 Sol. ann. Fe–Ni–Cr–Mo–Cu–N 45 (1) (2) (8) (22) 95 45 1.00 27.1 27.1 25.7 24.6 23.8 23.3 23.1 22.9 22.8 22.6 … … … … … … … … N08367

Seamless Fittings Seamless FittingsB366 N06022 Sol. ann. Low C–Ni–Mo–Cr 44 (12) 100 45 1.00 28.6 26.7 24.6 22.9 21.5 20.4 20.0 19.6 19.3 19.0 … … … … … … … … N06022 B366N06022 Sol. ann. Low C–Ni–Mo–Cr 44 (2) (12) 100 45 1.00 28.6 28.6 28.2 27.2 26.5 26.0 25.8 25.6 25.4 25.3 … … … … … … … … N06022N06625 Annealed Ni–Cr–Mo–Cb 43 (14) 110 50 1.00 31.4 31.4 31.4 30.8 30.2 29.7 29.4 29.1 28.9 28.6 28.3 28.0 27.7 27.4 27.0 26.6 21.0 13.2 N06625
B366 N08020 Annealed Cr–Ni–Fe–Mo–Cu–Cb 45 (1) 80 35 1.00 22.9 20.6 19.7 18.9 18.2 17.7 17.5 17.4 17.2 16.8 … … … … … … … … N08020 B366N08020 Annealed Cr–Ni–Fe–Mo–Cu–Cb 45 (1) (2) 80 35 1.00 22.9 22.9 22.6 22.2 22.1 22.1 22.0 21.9 21.8 21.8 … … … … … … … … N08020N08367 Annealed Fe–Ni–Cr–Mo–N 45 (1) (8) (22) 95 45 1.00 27.1 26.2 23.8 21.9 20.5 19.4 19.0 18.6 18.3 18.0 … … … … … … … … N08367N08367 Annealed Fe–Ni–Cr–Mo–N 45 (1) (2) (8) (22) 95 45 1.00 27.1 27.1 25.7 24.6 23.8 23.3 23.1 22.9 22.8 22.6 … … … … … … … … N08367
B366 N08925 Annealed Low C–Ni–Fe–Cr–Mo–Cu 45 (1) 87 43 1.00 24.9 23.2 21.3 19.8 18.3 17.3 17.0 16.9 16.9 16.9 … … … … … … … … N08925 B366N08925 Annealed Low C–Ni–Fe–Cr–Mo–Cu 45 (1) (2) 87 43 1.00 24.9 24.9 23.0 23.0 22.1 21.4 21.1 20.8 20.4 20.1 … … … … … … … … N08925N08926 Annealed Low C–Ni–Fe–Cr–Mo–Cu–N 45 (1) 94 43 1.00 26.9 24.1 21.5 19.7 18.7 18.0 17.7 17.5 17.4 … … … … … … … … … N08926N08926 Annealed Low C–Ni–Fe–Cr–Mo–Cu–N 45 (1) (2) 94 43 1.00 26.9 26.9 26.2 24.8 23.7 22.8 22.4 22.0 21.6 … … … … … … … … … N08926
B366 N10276 Sol. ann. Low C–Ni–Mo–Cr 43 (12) 100 41 1.00 27.3 24.9 23.0 21.3 19.9 18.8 18.2 17.8 17.4 17.1 16.9 16.7 16.6 16.5 … … … … N10276 B366N10276 Sol. ann. Low C–Ni–Mo–Cr 43 (2) (12) 100 41 1.00 27.3 27.3 27.3 27.3 26.9 25.2 24.6 24.0 23.5 23.1 22.8 22.6 22.4 22.3 … … … … N10276R30556 Annealed Ni–Fe–Cr–Co–Mo–W 45 (1) 100 45 1.00 28.6 25.6 23.1 21.3 20.1 19.3 18.9 18.7 18.4 18.2 18.0 17.8 17.6 17.5 17.3 17.1 16.9 13.6 R30556R30556 Annealed Ni–Fe–Cr–Co–Mo–W 45 (1) (2) 100 45 1.00 28.6 28.6 28.0 27.1 26.4 26.0 25.6 25.2 24.9 24.6 24.3 24.1 23.8 23.6 23.3 21.2 17.0 13.6 R30556
B462 N08367 Sol. ann. Fe–Ni–Cr–Mo–N 45 (1) (8) (22) 95 45 1.00 27.1 26.2 23.8 21.9 20.5 19.4 19.0 18.6 18.3 18.0 … … … … … … … … N08367 B462N08367 Sol. ann. Fe–Ni–Cr–Mo–N 45 (1) (2) (8) (22) 95 45 1.00 27.1 27.1 25.7 24.6 23.8 23.3 23.1 22.9 22.8 22.6 … … … … … … … … N08367

Welded Fittings Welded FittingsB366 N06022 Sol. ann. Low C–Ni–Mo–Cr 44 (12) 100 45 0.85 24.3 22.7 20.9 19.4 18.3 17.4 17.0 16.7 16.4 16.2 … … … … … … … … N06022 B366N06022 Sol. ann. Low C–Ni–Mo–Cr 44 (12) (13) 100 45 1.00 28.6 26.7 24.6 22.9 21.5 20.4 20.0 19.6 19.3 19.0 … … … … … … … … N06022N06022 Sol. ann. Low C–Ni–Mo–Cr 44 (2) (12) 100 45 0.85 24.3 24.3 23.9 23.1 22.6 22.1 21.9 21.8 21.6 21.5 … … … … … … … … N06022N06022 Sol. ann. Low C–Ni–Mo–Cr 44 (2) (12) (13) 100 45 1.00 28.6 28.6 28.2 27.2 26.5 26.0 25.8 25.6 25.4 25.3 … … … … … … … … N06022N06625 Annealed Ni–Cr–Mo–Cb 43 (14) 110 50 0.85 26.7 26.7 26.7 26.2 25.7 25.2 25.0 24.7 24.6 24.3 24.1 23.8 23.5 23.3 23.0 22.6 … … N06625N06625 Annealed Ni–Cr–Mo–Cb 43 (13) (14) 110 50 1.00 31.4 31.4 31.4 30.8 30.2 29.7 29.4 29.1 28.9 28.6 28.3 28.0 27.7 27.4 27.0 26.6 … … N06625
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Spec.
No.

UNS
Alloy
No.

Temper or
Condition

Nominal
Composition

P-
No. Notes

Specified
Minimum
Tensile,
ksi

Specified
Minimum
Yield,
ksi

E
or
F

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding
UNS
Alloy
No.

Spec
No.100 200 300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200

Bars, Rods, Shapes, and Forgings Bars, Rods, Shapes, and Forgings (Cont’d)B572 R30556 Annealed Ni–Fe–Cr–Co–Mo–W 45 (1) 100 45 1.00 28.6 25.6 23.1 21.3 20.1 19.3 18.9 18.7 18.4 18.2 18.0 17.8 17.6 17.5 17.3 17.1 16.9 13.6 R30556 B572R30556 Annealed Ni–Fe–Cr–Co–Mo–W 45 (1) (2) 100 45 1.00 28.6 28.6 28.0 27.1 26.4 26.0 25.6 25.2 24.9 24.6 24.3 24.1 23.8 23.6 23.3 21.2 17.0 13.6 R30556
B574 N06022 Sol. ann. Ni–Mo–Cr–Low C 44 (12) 100 45 1.00 28.6 22.9 22.9 22.6 22.2 22.1 22.1 22.0 21.9 21.8 … … … … … … … … N06022 B574N06022 Sol. ann. Ni–Mo–Cr–Low C 44 (2) (12) 100 45 1.00 28.6 28.6 28.2 27.2 26.5 26.0 25.8 25.6 25.4 25.3 … … … … … … … … N06022N10276 Sol. ann. Low C–Ni–Mo–Cr 43 (12) 100 41 1.00 27.3 24.9 23.0 21.3 19.9 18.8 18.2 17.8 17.4 17.1 16.9 16.7 16.6 16.5 … … … … N10276N10276 Sol. ann. Low C–Ni–Mo–Cr 43 (2) (12) 100 41 1.00 27.3 27.3 27.3 27.3 26.9 25.2 24.6 24.0 23.5 23.1 22.8 22.6 22.4 22.3 … … … … N10276
B649 N08925 Annealed Ni–Fe–Cr–Mo–Cu–Low C 45 (1) 87 43 1.00 24.9 23.2 21.3 19.8 18.3 17.3 17.0 16.9 16.9 16.9 … … … … … … … … N08925 B649N08925 Annealed Ni–Fe–Cr–Mo–Cu–Low C 45 (1) (2) 87 43 1.00 24.9 24.9 23.9 23.0 22.1 21.4 21.1 20.8 20.4 20.1 … … … … … … … … N08925N08926 Annealed Ni–Fe–Cr–Mo–Cu–N–Low C … (1) 94 43 1.00 26.9 24.1 21.5 19.7 18.7 18.0 17.7 17.5 17.4 … … … … … … … … … N08926N08926 Annealed Ni–Fe–Cr–Mo–Cu–N–Low C … (1) (2) 94 43 1.00 26.9 26.9 26.2 24.8 23.7 22.8 22.4 22.0 21.6 … … … … … … … … … N08926
B691 N08367 Sol. ann. Fe–Ni–Cr–Mo–Cu–N 45 (1) (8) (22) 95 45 1.00 27.1 26.2 23.8 21.9 20.5 19.4 19.0 18.6 18.3 18.0 … … … … … … … … N08367 B691N08367 Sol. ann. Fe–Ni–Cr–Mo–Cu–N 45 (1) (2) (8) (22) 95 45 1.00 27.1 27.1 25.7 24.6 23.8 23.3 23.1 22.9 22.8 22.6 … … … … … … … … N08367

Seamless Fittings Seamless FittingsB366 N06022 Sol. ann. Low C–Ni–Mo–Cr 44 (12) 100 45 1.00 28.6 26.7 24.6 22.9 21.5 20.4 20.0 19.6 19.3 19.0 … … … … … … … … N06022 B366N06022 Sol. ann. Low C–Ni–Mo–Cr 44 (2) (12) 100 45 1.00 28.6 28.6 28.2 27.2 26.5 26.0 25.8 25.6 25.4 25.3 … … … … … … … … N06022N06625 Annealed Ni–Cr–Mo–Cb 43 (14) 110 50 1.00 31.4 31.4 31.4 30.8 30.2 29.7 29.4 29.1 28.9 28.6 28.3 28.0 27.7 27.4 27.0 26.6 21.0 13.2 N06625
B366 N08020 Annealed Cr–Ni–Fe–Mo–Cu–Cb 45 (1) 80 35 1.00 22.9 20.6 19.7 18.9 18.2 17.7 17.5 17.4 17.2 16.8 … … … … … … … … N08020 B366N08020 Annealed Cr–Ni–Fe–Mo–Cu–Cb 45 (1) (2) 80 35 1.00 22.9 22.9 22.6 22.2 22.1 22.1 22.0 21.9 21.8 21.8 … … … … … … … … N08020N08367 Annealed Fe–Ni–Cr–Mo–N 45 (1) (8) (22) 95 45 1.00 27.1 26.2 23.8 21.9 20.5 19.4 19.0 18.6 18.3 18.0 … … … … … … … … N08367N08367 Annealed Fe–Ni–Cr–Mo–N 45 (1) (2) (8) (22) 95 45 1.00 27.1 27.1 25.7 24.6 23.8 23.3 23.1 22.9 22.8 22.6 … … … … … … … … N08367
B366 N08925 Annealed Low C–Ni–Fe–Cr–Mo–Cu 45 (1) 87 43 1.00 24.9 23.2 21.3 19.8 18.3 17.3 17.0 16.9 16.9 16.9 … … … … … … … … N08925 B366N08925 Annealed Low C–Ni–Fe–Cr–Mo–Cu 45 (1) (2) 87 43 1.00 24.9 24.9 23.0 23.0 22.1 21.4 21.1 20.8 20.4 20.1 … … … … … … … … N08925N08926 Annealed Low C–Ni–Fe–Cr–Mo–Cu–N 45 (1) 94 43 1.00 26.9 24.1 21.5 19.7 18.7 18.0 17.7 17.5 17.4 … … … … … … … … … N08926N08926 Annealed Low C–Ni–Fe–Cr–Mo–Cu–N 45 (1) (2) 94 43 1.00 26.9 26.9 26.2 24.8 23.7 22.8 22.4 22.0 21.6 … … … … … … … … … N08926
B366 N10276 Sol. ann. Low C–Ni–Mo–Cr 43 (12) 100 41 1.00 27.3 24.9 23.0 21.3 19.9 18.8 18.2 17.8 17.4 17.1 16.9 16.7 16.6 16.5 … … … … N10276 B366N10276 Sol. ann. Low C–Ni–Mo–Cr 43 (2) (12) 100 41 1.00 27.3 27.3 27.3 27.3 26.9 25.2 24.6 24.0 23.5 23.1 22.8 22.6 22.4 22.3 … … … … N10276R30556 Annealed Ni–Fe–Cr–Co–Mo–W 45 (1) 100 45 1.00 28.6 25.6 23.1 21.3 20.1 19.3 18.9 18.7 18.4 18.2 18.0 17.8 17.6 17.5 17.3 17.1 16.9 13.6 R30556R30556 Annealed Ni–Fe–Cr–Co–Mo–W 45 (1) (2) 100 45 1.00 28.6 28.6 28.0 27.1 26.4 26.0 25.6 25.2 24.9 24.6 24.3 24.1 23.8 23.6 23.3 21.2 17.0 13.6 R30556
B462 N08367 Sol. ann. Fe–Ni–Cr–Mo–N 45 (1) (8) (22) 95 45 1.00 27.1 26.2 23.8 21.9 20.5 19.4 19.0 18.6 18.3 18.0 … … … … … … … … N08367 B462N08367 Sol. ann. Fe–Ni–Cr–Mo–N 45 (1) (2) (8) (22) 95 45 1.00 27.1 27.1 25.7 24.6 23.8 23.3 23.1 22.9 22.8 22.6 … … … … … … … … N08367

Welded Fittings Welded FittingsB366 N06022 Sol. ann. Low C–Ni–Mo–Cr 44 (12) 100 45 0.85 24.3 22.7 20.9 19.4 18.3 17.4 17.0 16.7 16.4 16.2 … … … … … … … … N06022 B366N06022 Sol. ann. Low C–Ni–Mo–Cr 44 (12) (13) 100 45 1.00 28.6 26.7 24.6 22.9 21.5 20.4 20.0 19.6 19.3 19.0 … … … … … … … … N06022N06022 Sol. ann. Low C–Ni–Mo–Cr 44 (2) (12) 100 45 0.85 24.3 24.3 23.9 23.1 22.6 22.1 21.9 21.8 21.6 21.5 … … … … … … … … N06022N06022 Sol. ann. Low C–Ni–Mo–Cr 44 (2) (12) (13) 100 45 1.00 28.6 28.6 28.2 27.2 26.5 26.0 25.8 25.6 25.4 25.3 … … … … … … … … N06022N06625 Annealed Ni–Cr–Mo–Cb 43 (14) 110 50 0.85 26.7 26.7 26.7 26.2 25.7 25.2 25.0 24.7 24.6 24.3 24.1 23.8 23.5 23.3 23.0 22.6 … … N06625N06625 Annealed Ni–Cr–Mo–Cb 43 (13) (14) 110 50 1.00 31.4 31.4 31.4 30.8 30.2 29.7 29.4 29.1 28.9 28.6 28.3 28.0 27.7 27.4 27.0 26.6 … … N06625
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Spec.
No.

UNS
Alloy
No.

Temper or
Condition

Nominal
Composition

P-
No. Notes

Specified
Minimum
Tensile,
ksi

Specified
Minimum
Yield,
ksi

E
or
F

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding
UNS
Alloy
No.

Spec
No.100 200 300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200

Welded Fittings   (Cont’d) Welded Fittings (Cont’d)B366 N08020 Annealed Cr–Ni–Fe–Mo–Cu–Cb 45 (1) 80 35 0.85 19.4 17.5 16.8 16.1 15.5 15.0 14.9 14.8 14.6 14.3 … … … … … … … … N08020 B366N08020 Annealed Cr–Ni–Fe–Mo–Cu–Cb 45 (1) (13) 80 35 1.00 22.9 20.6 19.7 18.9 18.2 17.7 17.5 17.4 17.2 16.8 … … … … … … … … N08020N08020 Annealed Cr–Ni–Fe–Mo–Cu–Cb 45 (1) (2) 80 35 0.85 19.4 19.4 19.2 18.8 18.8 18.8 18.7 18.6 18.5 18.5 … … … … … … … … N08020N08020 Annealed Cr–Ni–Fe–Mo–Cu–Cb 45 (1) (2) (13) 80 35 1.00 22.9 22.9 22.6 22.2 22.1 22.1 22.0 21.9 21.8 21.8 … … … … … … … … N08020
B366 N08367 Sol. ann. Fe–Ni–Cr–Mo–N 45 (1) (8) (22) 95 45 0.85 23.1 22.2 20.2 18.7 17.4 16.5 16.1 15.8 15.5 15.3 … … … … … … … … N08367 B366N08367 Sol. ann. Fe–Ni–Cr–Mo–N 45 (1) (8) (13) (22) 95 45 1.00 27.1 26.2 23.8 21.9 20.5 19.4 19.0 18.6 18.3 18.0 … … … … … … … … N08367N08367 Sol. ann. Fe–Ni–Cr–Mo–N 45 (1) (2) (8) (22) 95 45 0.85 23.1 23.1 21.8 20.9 20.2 19.8 19.6 19.5 19.4 19.2 … … … … … … … … N08367N08367 Sol. ann. Fe–Ni–Cr–Mo–N 45 (1) (2) (8) (13) (22) 95 45 1.00 27.1 27.1 25.7 24.6 23.8 23.3 23.1 22.9 22.8 22.6 … … … … … … … … N08367
B366 N08925 Annealed Low C–Ni–Fe–Cr–Mo–Cu 45 (1) 87 43 0.85 21.1 19.7 18.1 16.8 15.6 14.7 14.4 14.4 14.4 14.4 … … … … … … … … N08925 B366N08925 Annealed Low C–Ni–Fe–Cr–Mo–Cu 45 (1) (13) 87 43 1.00 24.9 23.2 21.3 19.8 18.3 17.3 17.0 16.9 16.9 16.9 … … … … … … … … N08925N08925 Annealed Low C–Ni–Fe–Cr–Mo–Cu 45 (1) (2) 87 43 0.85 21.1 21.1 20.4 19.5 18.8 18.2 17.9 17.7 17.4 17.0 … … … … … … … … N08925N08925 Annealed Low C–Ni–Fe–Cr–Mo–Cu 45 (1) (2) (13) 87 43 1.00 24.9 24.9 23.9 23.0 22.1 21.4 21.1 20.8 20.4 20.1 … … … … … … … … N08925
B366 N08926 Annealed Low C–Ni–Fe–Cr–Mo–Cu–N 45 (1) (19) (20) 94 43 0.85 22.9 20.5 18.3 16.7 15.9 15.3 15.0 14.9 14.8 … … … … … … … … … N08926 B366N08926 Annealed Low C–Ni–Fe–Cr–Mo–Cu–N 45 (1) (13) 94 43 1.00 26.9 24.1 21.5 19.7 18.7 18.0 17.7 17.5 17.4 … … … … … … … … … N08926N08926 Annealed Low C–Ni–Fe–Cr–Mo–Cu–N 45 (1) (2) (19) (20) 94 43 0.85 22.9 22.9 22.3 21.1 20.1 19.4 19.0 18.7 18.4 … … … … … … … … … N08926N08926 Annealed Low C–Ni–Fe–Cr–Mo–Cu–N 45 (1) (2) (13) 94 43 1.00 26.9 26.9 26.2 24.8 23.7 22.8 22.4 22.0 21.6 … … … … … … … … … N08926
B366 N10276 Sol. ann. Low C–Ni–Mo–Cr 43 (12) 100 41 0.85 23.2 21.2 19.6 18.1 16.9 16.0 15.5 15.1 14.8 14.5 14.4 14.2 14.1 14.0 … … … … N10276 B366N10276 Sol. ann. Low C–Ni–Mo–Cr 43 (12) (13) 100 41 1.00 27.3 24.9 23.0 21.3 19.9 18.8 18.2 17.8 17.4 17.1 16.9 16.7 16.6 16.5 … … … … N10276N10276 Sol. ann. Low C–Ni–Mo–Cr 43 (2) (12) 100 41 0.85 23.2 23.2 23.2 23.2 22.9 21.4 20.9 20.4 20.0 19.6 19.4 19.2 19.0 19.0 … … … … N10276N10276 Sol. ann. Low C–Ni–Mo–Cr 43 (2) (12) (13) 100 41 1.00 27.3 27.3 27.3 27.3 26.9 25.2 24.6 24.0 23.5 23.1 22.8 22.6 22.4 22.3 … … … … N10276
B366 R30556 Annealed Ni–Fe–Cr–Co–Mo–W 45 (1) 100 45 0.85 24.3 21.8 19.6 18.1 17.1 16.4 16.1 15.9 15.7 15.5 15.3 15.2 15.0 14.8 14.7 14.5 14.4 11.6 R30556 B366R30556 Annealed Ni–Fe–Cr–Co–Mo–W 45 (1) (13) 100 45 1.00 28.6 25.6 23.1 21.3 20.1 19.3 18.9 18.7 18.4 18.2 18.0 17.8 17.6 17.5 17.3 17.1 16.9 13.6 R30556R30556 Annealed Ni–Fe–Cr–Co–Mo–W 45 (1) (2) 100 45 0.85 24.3 24.3 23.8 23.0 22.5 22.1 21.7 21.4 21.1 20.9 20.7 20.5 20.2 20.0 19.8 18.0 14.4 11.6 R30556R30556 Annealed Ni–Fe–Cr–Co–Mo–W 45 (1) (2) (13) 100 45 1.00 28.6 28.6 28.0 27.1 26.4 26.0 25.6 25.2 24.9 24.6 24.3 24.1 23.8 23.6 23.3 21.2 17.0 13.6 R30556

Table A-4 Nickel and High Nickel Alloys (Cont’d)

ASME B31.1-2020

190



Spec.
No.

UNS
Alloy
No.

Temper or
Condition

Nominal
Composition

P-
No. Notes

Specified
Minimum
Tensile,
ksi

Specified
Minimum
Yield,
ksi

E
or
F

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding
UNS
Alloy
No.

Spec
No.100 200 300 400 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200

Welded Fittings Welded Fittings (Cont’d)B366 N08020 Annealed Cr–Ni–Fe–Mo–Cu–Cb 45 (1) 80 35 0.85 19.4 17.5 16.8 16.1 15.5 15.0 14.9 14.8 14.6 14.3 … … … … … … … … N08020 B366N08020 Annealed Cr–Ni–Fe–Mo–Cu–Cb 45 (1) (13) 80 35 1.00 22.9 20.6 19.7 18.9 18.2 17.7 17.5 17.4 17.2 16.8 … … … … … … … … N08020N08020 Annealed Cr–Ni–Fe–Mo–Cu–Cb 45 (1) (2) 80 35 0.85 19.4 19.4 19.2 18.8 18.8 18.8 18.7 18.6 18.5 18.5 … … … … … … … … N08020N08020 Annealed Cr–Ni–Fe–Mo–Cu–Cb 45 (1) (2) (13) 80 35 1.00 22.9 22.9 22.6 22.2 22.1 22.1 22.0 21.9 21.8 21.8 … … … … … … … … N08020
B366 N08367 Sol. ann. Fe–Ni–Cr–Mo–N 45 (1) (8) (22) 95 45 0.85 23.1 22.2 20.2 18.7 17.4 16.5 16.1 15.8 15.5 15.3 … … … … … … … … N08367 B366N08367 Sol. ann. Fe–Ni–Cr–Mo–N 45 (1) (8) (13) (22) 95 45 1.00 27.1 26.2 23.8 21.9 20.5 19.4 19.0 18.6 18.3 18.0 … … … … … … … … N08367N08367 Sol. ann. Fe–Ni–Cr–Mo–N 45 (1) (2) (8) (22) 95 45 0.85 23.1 23.1 21.8 20.9 20.2 19.8 19.6 19.5 19.4 19.2 … … … … … … … … N08367N08367 Sol. ann. Fe–Ni–Cr–Mo–N 45 (1) (2) (8) (13) (22) 95 45 1.00 27.1 27.1 25.7 24.6 23.8 23.3 23.1 22.9 22.8 22.6 … … … … … … … … N08367
B366 N08925 Annealed Low C–Ni–Fe–Cr–Mo–Cu 45 (1) 87 43 0.85 21.1 19.7 18.1 16.8 15.6 14.7 14.4 14.4 14.4 14.4 … … … … … … … … N08925 B366N08925 Annealed Low C–Ni–Fe–Cr–Mo–Cu 45 (1) (13) 87 43 1.00 24.9 23.2 21.3 19.8 18.3 17.3 17.0 16.9 16.9 16.9 … … … … … … … … N08925N08925 Annealed Low C–Ni–Fe–Cr–Mo–Cu 45 (1) (2) 87 43 0.85 21.1 21.1 20.4 19.5 18.8 18.2 17.9 17.7 17.4 17.0 … … … … … … … … N08925N08925 Annealed Low C–Ni–Fe–Cr–Mo–Cu 45 (1) (2) (13) 87 43 1.00 24.9 24.9 23.9 23.0 22.1 21.4 21.1 20.8 20.4 20.1 … … … … … … … … N08925
B366 N08926 Annealed Low C–Ni–Fe–Cr–Mo–Cu–N 45 (1) (19) (20) 94 43 0.85 22.9 20.5 18.3 16.7 15.9 15.3 15.0 14.9 14.8 … … … … … … … … … N08926 B366N08926 Annealed Low C–Ni–Fe–Cr–Mo–Cu–N 45 (1) (13) 94 43 1.00 26.9 24.1 21.5 19.7 18.7 18.0 17.7 17.5 17.4 … … … … … … … … … N08926N08926 Annealed Low C–Ni–Fe–Cr–Mo–Cu–N 45 (1) (2) (19) (20) 94 43 0.85 22.9 22.9 22.3 21.1 20.1 19.4 19.0 18.7 18.4 … … … … … … … … … N08926N08926 Annealed Low C–Ni–Fe–Cr–Mo–Cu–N 45 (1) (2) (13) 94 43 1.00 26.9 26.9 26.2 24.8 23.7 22.8 22.4 22.0 21.6 … … … … … … … … … N08926
B366 N10276 Sol. ann. Low C–Ni–Mo–Cr 43 (12) 100 41 0.85 23.2 21.2 19.6 18.1 16.9 16.0 15.5 15.1 14.8 14.5 14.4 14.2 14.1 14.0 … … … … N10276 B366N10276 Sol. ann. Low C–Ni–Mo–Cr 43 (12) (13) 100 41 1.00 27.3 24.9 23.0 21.3 19.9 18.8 18.2 17.8 17.4 17.1 16.9 16.7 16.6 16.5 … … … … N10276N10276 Sol. ann. Low C–Ni–Mo–Cr 43 (2) (12) 100 41 0.85 23.2 23.2 23.2 23.2 22.9 21.4 20.9 20.4 20.0 19.6 19.4 19.2 19.0 19.0 … … … … N10276N10276 Sol. ann. Low C–Ni–Mo–Cr 43 (2) (12) (13) 100 41 1.00 27.3 27.3 27.3 27.3 26.9 25.2 24.6 24.0 23.5 23.1 22.8 22.6 22.4 22.3 … … … … N10276
B366 R30556 Annealed Ni–Fe–Cr–Co–Mo–W 45 (1) 100 45 0.85 24.3 21.8 19.6 18.1 17.1 16.4 16.1 15.9 15.7 15.5 15.3 15.2 15.0 14.8 14.7 14.5 14.4 11.6 R30556 B366R30556 Annealed Ni–Fe–Cr–Co–Mo–W 45 (1) (13) 100 45 1.00 28.6 25.6 23.1 21.3 20.1 19.3 18.9 18.7 18.4 18.2 18.0 17.8 17.6 17.5 17.3 17.1 16.9 13.6 R30556R30556 Annealed Ni–Fe–Cr–Co–Mo–W 45 (1) (2) 100 45 0.85 24.3 24.3 23.8 23.0 22.5 22.1 21.7 21.4 21.1 20.9 20.7 20.5 20.2 20.0 19.8 18.0 14.4 11.6 R30556R30556 Annealed Ni–Fe–Cr–Co–Mo–W 45 (1) (2) (13) 100 45 1.00 28.6 28.6 28.0 27.1 26.4 26.0 25.6 25.2 24.9 24.6 24.3 24.1 23.8 23.6 23.3 21.2 17.0 13.6 R30556
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Table A-4 Nickel and High Nickel Alloys (Cont’d)GENERAL NOTES:(a) The tabulated specifications are ANSI/ASTM or ASTM. For ASME BPVC applications, see related specifications in ASME BPVC, Section II.(b) The stress values in this Table may be interpolated to determine values for intermediate temperatures.(c) The P-Numbers indicated in this Table are identical to those adopted by ASME BPVC. Qualification of welding procedures, welders, andwelding operators is required and shall comply with ASME BPVC, Section IX, except as modified by para. 127.5.(d) Tensile strengths and allowable stresses shown in “ksi” are “thousands of pounds per square inch.”(e) Thematerials listed in this Table shall not be used at design temperatures above those forwhich allowable stress values are given herein orin Table A-8.(f) The tabulated stress values are S×E (weld joint efficiency factor) or S×F (material quality factor), as applicable.Weld joint efficiency factorsare shown in Table 102.4.3-1.(g) Pressure–temperature ratings of piping components, as published in standards referenced in this Code, may be used for componentsmeeting the requirements of those standards.Theallowable stress valuesgiven in thisTable are foruse indesigningpiping components thatare not manufactured in accordance with referenced standards.(h) The y coefficient = 0.4 except where Note (7) applies (see Table 104.1.2-1).(i) The tabulated stress values that are shown in italics are at temperatures in the range where creep and stress rupture strength govern theselection of stresses.(j) See para. 124.1.2 for lower temperature limits.NOTES:(1) THIS MATERIAL IS NOT ACCEPTABLE FOR USE ON BOILER EXTERNAL PIPING — SEE FIGURES 100.1.2-1 THROUGH 100.1.2-8.(2) Due to the relatively lowyield strengthsof thesematerials, thesehigher allowable stress valueswere establishedat temperatureswhere theshort time tensile properties govern to permit the use of these alloys where slightly greater deformation is acceptable. These stress valuesexceed 67% but do not exceed 90% of the yield strength at temperature. Use of these values may result in dimensional changes due topermanent strain. Thesevalues shouldnotbeused for flangesof gasketed joints orother applicationswhere slight amountsofdistortion cancause leakage or malfunction.(3) The maximum temperature is limited to 500°F because harder temper adversely affects design stress in the creep rupture temperaturerange.(4) These values may be used for plate material only.(5) These values apply to sizes NPS 5 and smaller.(6) These values apply to sizes larger than NPS 5.(7) See Table 104.1.2-1 for y coefficient value.(8) Heat treatment after forming or welding is neither required nor prohibited. However, if heat treatment is applied, the solution annealingtreatment shall consist of heating to a minimum temperature of 2,025°F and then quenching in water or rapid cooling by other means.(9) These values apply to thickness less than 3∕16 in.(10) These values apply to thickness from 3∕16 in. up to and including 3∕4 in.(11) These values apply to thickness more than 3∕4 in.(12) All filler metal, including consumable insert material, shall comply with the requirements of ASME BPVC, Section IX.(13) These values (E = 1.00) apply only to Class WX or Class WU fittings (all welds radiographed or ultrasonically examined).(14) This alloy is subject to severe loss of impact strength at room temperature after exposure in the range of 1,000°F to 1,400°F.(15) The minimum tensile strength of reduced tension specimens in accordance with ASME BPVC, Section IX, QW-462.1 shall not be less than110,000 psi.(16) These values apply to material with a thickness of greater than 4 in. prior to machining or fabricating.(17) These values apply to material with a maximum thickness of 4 in. prior to machining or fabricating.(18) For service at 1,200°F or higher, the deposited weld metal shall be of the same nominal chemistry as the base metal.(19) Heat treatment after fabrication and forming is neither required nor prohibited. If heat treatment is performed, thematerial shall be heatedfor a sufficient time in the range of 2,010°F to 2,100°F followed by quenching in water or rapid cooling by another means.(20) Welding electrodes or filler metal used for welding UNS N08926 shall conform to ASME SFA-5.11 ENiCrMo-3 or ENiCrMo-4, or ASME SFA-5.14 ERNiCrMo-3 or ERNiCrMo-4.(21) These values apply to thicknesses 3∕16 in. or less.(22) These values apply to thicknesses greater than 3∕16 in.(23) These values apply to seamless pipe and tubing with outside diameter 5 in. and under.
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Spec. No. Class Notes

Specified
Minimum
Tensile, ksi

Specified
Minimum
Yield, ksi

E
or
F

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature,
°F, Not Exceeding

Class Spec. No.400 450 500 600 650
Gray Cast Iron Gray Cast IronA48 20 (1) (2) (3) (4) 20 … … 2.0 … … … … 20 A4825 (1) (2) (3) (4) 25 … … 2.5 … … … … 2530 (1) (2) (3) (4) 30 … … 3.0 … … … … 3035 (1) (2) (3) (4) 35 … … 3.5 … … … … 3540 (1) (2) (3) (4) 40 … … 4.0 … … … … 4045 (1) (2) (3) (4) 45 … … 4.5 … … … … 4550 (1) (2) (3) (4) 50 … … 5.0 … … … … 5055 (1) (2) (3) (4) 55 … … 5.5 … … … … 5560 (1) (2) (3) (4) 60 … … 6.0 … … … … 60

A126 A (2) (3) (4) (7) 21 … … 2.1 … … … … A A126B (2) (3) (4) (7) 31 … … 3.1 … … … … BC (2) (3) (4) (7) 41 … … 4.1 … … … … C
A278 20 (2) (4) (5) 20 … … 2.0 2.0 … … … 20 A27825 (2) (4) (5) 25 … … 2.5 2.5 … … … 2530 (2) (4) (5) 30 … … 3.0 3.0 … … … 3035 (2) (4) (5) 35 … … 3.5 3.5 … … … 3540 (2) (4) (5) 40 … … 4.0 4.0 … … … 4045 (2) (4) (5) 45 … … 4.5 4.5 … … … 4550 (2) (4) (5) 50 … … 5.0 5.0 … … … 5055 (2) (4) (5) 55 … … 5.5 5.5 … … … 5560 (2) (4) (5) 60 … … 6.0 6.0 … … … 60

Ductile Cast Iron Ductile Cast IronA395 60-40-18 (6) (8) 60 40 0.80 9.6 9.6 9.6 9.0 8.5 60-40-18 A39565-45-15 (6) (8) 65 45 0.80 10.4 10.4 … … … 65-45-15
A536 60-42-10 (1) (8) 60 42 0.80 9.6 9.6 9.6 9.0 8.5 60-42-10 A53670-50-05 (1) (8) 70 50 0.80 11.2 11.2 11.2 10.5 10.0 70-50-05
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Spec. No. Class Notes

Specified
Minimum
Tensile, ksi

Specified
Minimum
Yield, ksi

E
or
F

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature,
°F, Not Exceeding

Class Spec. No.400 450 500 600 650
Gray Cast Iron Gray Cast IronA48 20 (1) (2) (3) (4) 20 … … 2.0 … … … … 20 A4825 (1) (2) (3) (4) 25 … … 2.5 … … … … 2530 (1) (2) (3) (4) 30 … … 3.0 … … … … 3035 (1) (2) (3) (4) 35 … … 3.5 … … … … 3540 (1) (2) (3) (4) 40 … … 4.0 … … … … 4045 (1) (2) (3) (4) 45 … … 4.5 … … … … 4550 (1) (2) (3) (4) 50 … … 5.0 … … … … 5055 (1) (2) (3) (4) 55 … … 5.5 … … … … 5560 (1) (2) (3) (4) 60 … … 6.0 … … … … 60

A126 A (2) (3) (4) (7) 21 … … 2.1 … … … … A A126B (2) (3) (4) (7) 31 … … 3.1 … … … … BC (2) (3) (4) (7) 41 … … 4.1 … … … … C
A278 20 (2) (4) (5) 20 … … 2.0 2.0 … … … 20 A27825 (2) (4) (5) 25 … … 2.5 2.5 … … … 2530 (2) (4) (5) 30 … … 3.0 3.0 … … … 3035 (2) (4) (5) 35 … … 3.5 3.5 … … … 3540 (2) (4) (5) 40 … … 4.0 4.0 … … … 4045 (2) (4) (5) 45 … … 4.5 4.5 … … … 4550 (2) (4) (5) 50 … … 5.0 5.0 … … … 5055 (2) (4) (5) 55 … … 5.5 5.5 … … … 5560 (2) (4) (5) 60 … … 6.0 6.0 … … … 60

Ductile Cast Iron Ductile Cast IronA395 60-40-18 (6) (8) 60 40 0.80 9.6 9.6 9.6 9.0 8.5 60-40-18 A39565-45-15 (6) (8) 65 45 0.80 10.4 10.4 … … … 65-45-15
A536 60-42-10 (1) (8) 60 42 0.80 9.6 9.6 9.6 9.0 8.5 60-42-10 A53670-50-05 (1) (8) 70 50 0.80 11.2 11.2 11.2 10.5 10.0 70-50-05
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Table A-5 Cast Iron (Cont’d)GENERAL NOTES:(a) The tabulated specifications are ANSI/ASTM or ASTM. For ASME BPVC applications, see related specifications in ASME BPVC, Section II.(b) The stress values in this Table may be interpolated to determine values for intermediate temperatures.(c) Cast iron components shall not be welded during fabrication or assembly as part of the piping system.(d) Tensile strengths and allowable stresses shown in “ksi” are “thousands of pounds per square inch.”(e) The materials listed in this Table shall not be used at design temperatures above those for which allowable stress values are given.(f) The tabulated stress values forductile cast ironmaterials are S×F (material quality factor).Material quality factors arenot applicable toothertypes of cast iron.(g) Pressure–temperature ratingsof piping components, as published in standards referenced in this Code,maybeused for componentsmeetingthe requirements of those standards. The allowable stress values given in this Table are for use in designing piping components that are notmanufactured in accordance with referenced standards.(h) See para. 124.1.2 for lower temperature limits.NOTES:(1) THIS MATERIAL IS NOT ACCEPTABLE FOR BOILER EXTERNAL PIPING — SEE FIGURES 100.1.2-1 THROUGH 100.1.2-8.(2) Material quality factors are not applicable to these materials.(3) For saturated steam at 250 psi (406°F), the stress values given at 400°F may be used.(4) For limitations on the use of this material, see para. 124.4.(5) Thismaterial shall notbeusedwhere thedesignpressureexceeds250psig [1725kPa(gage)]orwhere thedesign temperatureexceeds450°F(230°C).(6) This material shall not be used for boiler external pipingwhere the design pressure exceeds 350 psig [2415 kPa (gage)] or where the designtemperature exceeds 450°F (230°C).(7) Piping components conforming to eitherASMEB16.1 orASMEB16.4maybeused for boiler external piping, subject to all the requirements ofthe particular standard.(8) For limitations on the use of this material, see para. 124.6.
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Spec.
No. UNS Alloy No.

Temper or
Condition

Size or
Thickness,

in.
P-
No. Notes

Specified
Minimum
Tensile, ksi

Specified
Minimum
Yield, ksi

E
or
F

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

UNS Alloy No.
Spec.
No.100 150 200 250 300 350 400 450 500 550 600 650 700 750 800

Seamless Pipe and Tube Seamless Pipe and TubeB42 C10200, C12000, C12200 Annealed … 31 (2) 30 9 1.00 6.0 5.1 4.9 4.8 4.7 4.0 3.0 … … … … … … … … C10200, C12000, C12200 B42C10200, C12000, C12200 Drawn 2 & under 31 (2) (4) 45 40 1.00 12.9 12.9 12.9 12.9 12.5 11.8 4.3 … … … … … … … … C10200, C12000, C12200C10200, C12000, C12200 Drawn Over 2 to 12 31 (2) (4) 36 30 1.00 10.3 10.3 10.3 10.3 10.0 9.7 9.4 … … … … … … … … C10200, C12000, C12200B43 C23000 Annealed … 31 (2) 40 12 1.00 8.0 8.0 8.0 8.0 8.0 7.0 5.0 2.0 … … … … … … … C23000 B43C23000 Drawn … 31 (2) (4) 40 18 1.00 8.0 8.0 8.0 8.0 8.0 7.0 5.0 2.0 … … … … … … … C23000B68 C10200, C12000, C12200 Annealed … 31 (1) 30 9 1.00 6.0 5.1 4.9 4.8 4.7 4.0 3.0 … … … … … … … … C10200, C12000, C12200 B68B75 C10200, C12000, C12200 Annealed … 31 (2) 30 9 1.00 6.0 5.1 4.9 4.8 4.7 4.0 3.0 … … … … … … … … C10200, C12000, C12200 B75C10200, C12000, C12200 Light drawn … 31 (2) (4) 36 30 1.00 10.3 10.3 10.3 10.3 10.0 9.7 9.4 … … … … … … … … C10200, C12000, C12200C10200, C12000, C12200 Hard drawn … 31 (2) (4) 45 40 1.00 12.9 12.9 12.9 12.9 12.5 11.8 4.3 … … … … … … … … C10200, C12000, C12200B88 C10200, C12000, C12200 Annealed … 31 (1) 30 9 1.00 6.0 5.1 4.9 4.8 4.7 4.0 3.0 … … … … … … … … C10200, C12000, C12200 B88C10200, C12000, C12200 Drawn … 31 (1) (4) 36 30 1.00 10.3 10.3 10.3 10.3 10.0 9.7 9.4 … … … … … … … … C10200, C12000, C12200B111 C10200, C12000 Light drawn … 31 (1) (3) 36 30 1.00 10.3 10.3 10.3 10.3 10.0 9.7 9.4 … … … … … … … … C10200, C12000 B111C10200, C12000 Hard drawn … 31 (1) (3) 45 40 1.00 12.9 12.9 12.9 12.9 12.5 11.8 4.3 … … … … … … … … C10200, C12000C12200, C14200 Light drawn … 31 (1) (3) 36 30 1.00 10.3 10.3 10.3 10.3 10.0 9.7 9.4 … … … … … … … … C12200, C14200C12200, C14200 Hard drawn … 31 (1) (3) 45 40 1.00 12.9 12.9 12.9 12.9 12.5 11.8 4.3 … … … … … … … … C12200, C14200B111 C23000 Annealed … 32 (1) 40 12 1.00 8.0 8.0 8.0 8.0 8.0 7.0 5.0 2.0 … … … … … … … C23000 B111C28000 Annealed … 32 (2) 50 20 1.00 13.3 13.3 13.3 13.3 13.3 10.8 5.3 … … … … … … … … C28000C44300, C44400, C44500 Annealed … 32 (2) 45 15 1.00 10.0 10.0 10.0 10.0 10.0 9.8 3.5 2.0 … … … … … … … C44300, C44400, C44500C60800 Annealed … 35 (1) 50 19 1.00 12.7 12.2 12.2 12.2 12.0 10.0 6.0 4.0 2.0 … … … … … … C60800B111 C68700 Annealed … 32 (1) 50 18 1.00 12.0 11.9 11.8 11.7 11.7 6.5 3.3 1.8 … … … … … … … C68700 B111C70400 Annealed … 34 (1) 38 12 1.00 8.0 8.0 … … … … … … … … … … … … … C70400C70400 Light drawn … 34 (1) (4) 40 30 1.00 11.4 11.4 … … … … … … … … … … … … … C70400
B111 C70600 Annealed … 34 (2) 40 15 1.00 10.0 9.7 9.5 9.3 9.0 8.8 8.7 8.5 8.0 7.0 6.0 … … … … C70600 B111C71000 Annealed … 34 (2) 45 16 1.00 10.7 10.6 10.5 10.4 10.2 10.1 9.9 9.6 9.3 8.9 8.4 7.7 7.0 … … C71000C71500 Annealed … 34 (2) 52 18 1.00 12.0 11.6 11.3 11.0 10.8 10.5 10.3 10.1 9.9 9.8 9.6 9.5 9.4 … … C71500B280 C12200 Annealed … 31 (1) 30 9 1.00 6.0 5.1 4.9 4.8 4.7 4.0 3.0 … … … … … … … … C12200 B280C12200 Drawn … 31 (1) (4) 36 30 1.00 10.3 10.3 10.3 10.3 10.0 9.7 9.4 … … … … … … … … C12200B302 C12000, C12200 Drawn … 31 (1) (3) 36 30 1.00 10.3 10.3 10.3 10.3 10.0 9.7 9.4 … … … … … … … … C12000, C12200 B302B315 C61300, C61400 Annealed … 35 (1) 65 28 1.00 18.6 18.6 18.5 18.3 18.2 18.1 17.9 17.5 17.0 … … … … … … C61300, C61400 B315B466 C70600 Annealed … 34 (1) 38 13 1.00 8.7 8.4 8.2 8.0 7.8 7.7 7.5 7.4 7.3 7.0 6.0 … … … … C70600 B466C71500 Annealed … 34 (1) 52 18 1.00 12.0 11.6 11.3 11.0 10.8 10.5 10.3 10.1 9.9 9.8 9.6 9.5 9.4 … … C71500
Welded Pipe and Tube Welded Pipe and TubeB467 C70600 Annealed 41∕2 & under 34 (1) 40 15 0.85 8.5 8.3 8.1 7.9 7.7 7.5 7.4 7.2 6.3 5.7 4.3 … … … … C70600 B467C70600 Annealed Over 41∕2 34 (1) 38 13 0.85 7.4 7.2 7.0 6.8 6.7 6.5 6.4 6.3 6.2 5.7 4.3 … … … … C70600C71500 Annealed 41∕2 & under 34 (1) 50 20 0.85 11.3 10.9 10.7 10.4 10.2 10.0 9.7 9.6 9.4 9.2 9.1 … … … … C71500C71500 Annealed Over 41∕2 34 (1) 45 15 0.85 8.5 8.2 8.0 7.8 7.6 7.5 7.3 7.2 7.0 6.9 6.8 … … … … C71500
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Spec.
No. UNS Alloy No.

Temper or
Condition

Size or
Thickness,

in.
P-
No. Notes

Specified
Minimum
Tensile, ksi

Specified
Minimum
Yield, ksi

E
or
F

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

UNS Alloy No.
Spec.
No.100 150 200 250 300 350 400 450 500 550 600 650 700 750 800

Seamless Pipe and Tube Seamless Pipe and TubeB42 C10200, C12000, C12200 Annealed … 31 (2) 30 9 1.00 6.0 5.1 4.9 4.8 4.7 4.0 3.0 … … … … … … … … C10200, C12000, C12200 B42C10200, C12000, C12200 Drawn 2 & under 31 (2) (4) 45 40 1.00 12.9 12.9 12.9 12.9 12.5 11.8 4.3 … … … … … … … … C10200, C12000, C12200C10200, C12000, C12200 Drawn Over 2 to 12 31 (2) (4) 36 30 1.00 10.3 10.3 10.3 10.3 10.0 9.7 9.4 … … … … … … … … C10200, C12000, C12200B43 C23000 Annealed … 31 (2) 40 12 1.00 8.0 8.0 8.0 8.0 8.0 7.0 5.0 2.0 … … … … … … … C23000 B43C23000 Drawn … 31 (2) (4) 40 18 1.00 8.0 8.0 8.0 8.0 8.0 7.0 5.0 2.0 … … … … … … … C23000B68 C10200, C12000, C12200 Annealed … 31 (1) 30 9 1.00 6.0 5.1 4.9 4.8 4.7 4.0 3.0 … … … … … … … … C10200, C12000, C12200 B68B75 C10200, C12000, C12200 Annealed … 31 (2) 30 9 1.00 6.0 5.1 4.9 4.8 4.7 4.0 3.0 … … … … … … … … C10200, C12000, C12200 B75C10200, C12000, C12200 Light drawn … 31 (2) (4) 36 30 1.00 10.3 10.3 10.3 10.3 10.0 9.7 9.4 … … … … … … … … C10200, C12000, C12200C10200, C12000, C12200 Hard drawn … 31 (2) (4) 45 40 1.00 12.9 12.9 12.9 12.9 12.5 11.8 4.3 … … … … … … … … C10200, C12000, C12200B88 C10200, C12000, C12200 Annealed … 31 (1) 30 9 1.00 6.0 5.1 4.9 4.8 4.7 4.0 3.0 … … … … … … … … C10200, C12000, C12200 B88C10200, C12000, C12200 Drawn … 31 (1) (4) 36 30 1.00 10.3 10.3 10.3 10.3 10.0 9.7 9.4 … … … … … … … … C10200, C12000, C12200B111 C10200, C12000 Light drawn … 31 (1) (3) 36 30 1.00 10.3 10.3 10.3 10.3 10.0 9.7 9.4 … … … … … … … … C10200, C12000 B111C10200, C12000 Hard drawn … 31 (1) (3) 45 40 1.00 12.9 12.9 12.9 12.9 12.5 11.8 4.3 … … … … … … … … C10200, C12000C12200, C14200 Light drawn … 31 (1) (3) 36 30 1.00 10.3 10.3 10.3 10.3 10.0 9.7 9.4 … … … … … … … … C12200, C14200C12200, C14200 Hard drawn … 31 (1) (3) 45 40 1.00 12.9 12.9 12.9 12.9 12.5 11.8 4.3 … … … … … … … … C12200, C14200B111 C23000 Annealed … 32 (1) 40 12 1.00 8.0 8.0 8.0 8.0 8.0 7.0 5.0 2.0 … … … … … … … C23000 B111C28000 Annealed … 32 (2) 50 20 1.00 13.3 13.3 13.3 13.3 13.3 10.8 5.3 … … … … … … … … C28000C44300, C44400, C44500 Annealed … 32 (2) 45 15 1.00 10.0 10.0 10.0 10.0 10.0 9.8 3.5 2.0 … … … … … … … C44300, C44400, C44500C60800 Annealed … 35 (1) 50 19 1.00 12.7 12.2 12.2 12.2 12.0 10.0 6.0 4.0 2.0 … … … … … … C60800B111 C68700 Annealed … 32 (1) 50 18 1.00 12.0 11.9 11.8 11.7 11.7 6.5 3.3 1.8 … … … … … … … C68700 B111C70400 Annealed … 34 (1) 38 12 1.00 8.0 8.0 … … … … … … … … … … … … … C70400C70400 Light drawn … 34 (1) (4) 40 30 1.00 11.4 11.4 … … … … … … … … … … … … … C70400
B111 C70600 Annealed … 34 (2) 40 15 1.00 10.0 9.7 9.5 9.3 9.0 8.8 8.7 8.5 8.0 7.0 6.0 … … … … C70600 B111C71000 Annealed … 34 (2) 45 16 1.00 10.7 10.6 10.5 10.4 10.2 10.1 9.9 9.6 9.3 8.9 8.4 7.7 7.0 … … C71000C71500 Annealed … 34 (2) 52 18 1.00 12.0 11.6 11.3 11.0 10.8 10.5 10.3 10.1 9.9 9.8 9.6 9.5 9.4 … … C71500B280 C12200 Annealed … 31 (1) 30 9 1.00 6.0 5.1 4.9 4.8 4.7 4.0 3.0 … … … … … … … … C12200 B280C12200 Drawn … 31 (1) (4) 36 30 1.00 10.3 10.3 10.3 10.3 10.0 9.7 9.4 … … … … … … … … C12200B302 C12000, C12200 Drawn … 31 (1) (3) 36 30 1.00 10.3 10.3 10.3 10.3 10.0 9.7 9.4 … … … … … … … … C12000, C12200 B302B315 C61300, C61400 Annealed … 35 (1) 65 28 1.00 18.6 18.6 18.5 18.3 18.2 18.1 17.9 17.5 17.0 … … … … … … C61300, C61400 B315B466 C70600 Annealed … 34 (1) 38 13 1.00 8.7 8.4 8.2 8.0 7.8 7.7 7.5 7.4 7.3 7.0 6.0 … … … … C70600 B466C71500 Annealed … 34 (1) 52 18 1.00 12.0 11.6 11.3 11.0 10.8 10.5 10.3 10.1 9.9 9.8 9.6 9.5 9.4 … … C71500
Welded Pipe and Tube Welded Pipe and TubeB467 C70600 Annealed 41∕2 & under 34 (1) 40 15 0.85 8.5 8.3 8.1 7.9 7.7 7.5 7.4 7.2 6.3 5.7 4.3 … … … … C70600 B467C70600 Annealed Over 41∕2 34 (1) 38 13 0.85 7.4 7.2 7.0 6.8 6.7 6.5 6.4 6.3 6.2 5.7 4.3 … … … … C70600C71500 Annealed 41∕2 & under 34 (1) 50 20 0.85 11.3 10.9 10.7 10.4 10.2 10.0 9.7 9.6 9.4 9.2 9.1 … … … … C71500C71500 Annealed Over 41∕2 34 (1) 45 15 0.85 8.5 8.2 8.0 7.8 7.6 7.5 7.3 7.2 7.0 6.9 6.8 … … … … C71500
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Spec.
No. UNS Alloy No.

Temper or
Condition

Size or
Thickness,

in.
P-
No. Notes

Specified
Minimum
Tensile, ksi

Specified
Minimum
Yield, ksi

E
or
F

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

UNS Alloy No.
Spec.
No.100 150 200 250 300 350 400 450 500 550 600 650 700 750 800

Welded Pipe and Tube (Cont’d)Welded Pipe and Tube   (Cont’d) B608 C61300, C61400 Annealed … 35 (1) (6) 70 30 0.80 16.0 15.9 15.8 15.7 15.6 15.5 15.4 15.1 14.6 … … … … … … C61300, C61400 B608
Plate PlateB171 C70600 Annealed 21∕2 & under 34 (1) 40 15 1.00 10.0 9.7 9.5 9.3 9.0 8.8 8.7 8.5 8.0 7.0 6.0 … … … … C70600 B171C70600 Hot rolled 21∕2 & under 34 (1) 40 15 1.00 10.0 9.7 9.5 9.3 9.0 8.8 8.7 8.5 8.0 7.0 6.0 … … … … C70600C71500 Annealed 21∕2 & under 34 (1) 50 20 1.00 13.3 12.9 12.6 12.3 12.0 11.7 11.5 11.2 11.0 10.8 10.7 10.6 10.4 … … C71500C71500 Annealed Over 21∕2 to 5 34 (1) 45 18 1.00 12.0 11.6 11.3 11.0 10.8 10.5 10.3 10.1 9.9 9.8 9.6 9.5 9.4 … … C71500
Rod RodB16 C36000 Annealed 1 & under … (2) (3) (7) (8) 48 20 1.00 13.3 12.6 12.0 11.5 11.1 10.7 5.3 2.0 … … … … … … … C36000 B16C36000 Annealed Over 1 to 2 … (2) (3) (7) (8) 44 18 1.00 12.0 11.3 10.8 10.4 10.0 9.7 5.3 2.0 … … … … … … … C36000C36000 Annealed Over 2 … (2) (3) (7) (8) 40 15 1.00 10.0 9.4 9.0 8.7 8.3 8.1 5.3 2.0 … … … … … … … C36000
B151 C71500 Annealed Over 1 34 (1) 45 18 1.00 12.0 11.6 11.3 11.0 10.8 10.5 10.3 10.1 9.9 9.8 9.6 9.5 9.4 … … C71500 B151
B453 C35300 Annealed Under 1∕2 … (2) (3) (7) (8) 46 16 1.00 10.7 10.1 9.6 9.2 8.9 8.6 5.3 2.0 … … … … … … … C35300 B453C35300 Annealed 1∕2 to 1 … (2) (3) (7) (8) 44 15 1.00 10.0 9.4 9.0 8.7 8.3 8.1 5.3 2.0 … … … … … … … C35300C35300 Annealed Over 1 … (2) (3) (7) (8) 40 15 1.00 10.0 9.4 9.0 8.7 8.3 8.1 5.3 2.0 … … … … … … … C35300
Bar BarB16 C36000 Annealed 1 & under … (2) (3) (7) (8) 44 18 1.00 12.0 11.3 10.8 10.4 10.0 9.7 5.3 2.0 … … … … … … … C36000 B16C36000 Annealed Over 1 … (2) (3) (7) (8) 40 15 1.00 10.0 9.4 9.0 8.7 8.3 8.1 5.3 2.0 … … … … … … … C36000
Die Forgings (Hot Pressed) Die Forgings (Hot Pressed)B283 C37700 As forged 11∕2 & under … (1) (3) 50 18 1.00 12.0 11.3 10.8 … … … … … … … … … … … … C37700 B283C37700 As forged Over 11∕2 … (1) (3) 46 15 1.00 10.0 9.4 9.0 … … … … … … … … … … … … C37700
Castings CastingsB61 C92200 As cast … … … 34 16 0.80 7.8 7.8 7.8 7.8 7.8 7.8 6.6 6.2 5.8 4.0 … … … … … C92200 B61
B62 C83600 As cast … … … 30 14 0.80 6.9 6.9 6.9 6.9 6.6 6.5 5.5 5.4 … … … … … … … C83600 B62
B148 C95200 As cast … 35 (1) 65 25 0.80 13.4 12.6 12.2 11.8 11.6 11.4 11.4 11.4 11.4 9.4 5.9 … … … … C95200 B148C95400 As cast … 35 (1) (5) 75 30 0.80 16.0 15.2 15.0 14.8 14.8 14.8 14.8 12.8 11.1 8.8 6.8 … … … … C95400
B584 C92200 As cast … … … 34 16 0.80 7.8 7.8 7.8 7.8 7.8 7.8 6.6 6.2 5.8 4.0 … … … … … C92200 B584C93700 As cast … … (3) 30 12 0.80 6.4 5.9 5.5 5.3 5.3 5.2 5.1 … … … … … … … … C93700C97600 As cast … … (3) 40 17 0.80 6.0 5.8 5.6 5.5 5.4 … … … … … … … … … … C97600
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Spec.
No. UNS Alloy No.

Temper or
Condition

Size or
Thickness,

in.
P-
No. Notes

Specified
Minimum
Tensile, ksi

Specified
Minimum
Yield, ksi

E
or
F

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

UNS Alloy No.
Spec.
No.100 150 200 250 300 350 400 450 500 550 600 650 700 750 800

Welded Pipe and Tube Welded Pipe and Tube (Cont’d)B608 C61300, C61400 Annealed … 35 (1) (6) 70 30 0.80 16.0 15.9 15.8 15.7 15.6 15.5 15.4 15.1 14.6 … … … … … … C61300, C61400 B608
Plate PlateB171 C70600 Annealed 21∕2 & under 34 (1) 40 15 1.00 10.0 9.7 9.5 9.3 9.0 8.8 8.7 8.5 8.0 7.0 6.0 … … … … C70600 B171C70600 Hot rolled 21∕2 & under 34 (1) 40 15 1.00 10.0 9.7 9.5 9.3 9.0 8.8 8.7 8.5 8.0 7.0 6.0 … … … … C70600C71500 Annealed 21∕2 & under 34 (1) 50 20 1.00 13.3 12.9 12.6 12.3 12.0 11.7 11.5 11.2 11.0 10.8 10.7 10.6 10.4 … … C71500C71500 Annealed Over 21∕2 to 5 34 (1) 45 18 1.00 12.0 11.6 11.3 11.0 10.8 10.5 10.3 10.1 9.9 9.8 9.6 9.5 9.4 … … C71500
Rod RodB16 C36000 Annealed 1 & under … (2) (3) (7) (8) 48 20 1.00 13.3 12.6 12.0 11.5 11.1 10.7 5.3 2.0 … … … … … … … C36000 B16C36000 Annealed Over 1 to 2 … (2) (3) (7) (8) 44 18 1.00 12.0 11.3 10.8 10.4 10.0 9.7 5.3 2.0 … … … … … … … C36000C36000 Annealed Over 2 … (2) (3) (7) (8) 40 15 1.00 10.0 9.4 9.0 8.7 8.3 8.1 5.3 2.0 … … … … … … … C36000
B151 C71500 Annealed Over 1 34 (1) 45 18 1.00 12.0 11.6 11.3 11.0 10.8 10.5 10.3 10.1 9.9 9.8 9.6 9.5 9.4 … … C71500 B151
B453 C35300 Annealed Under 1∕2 … (2) (3) (7) (8) 46 16 1.00 10.7 10.1 9.6 9.2 8.9 8.6 5.3 2.0 … … … … … … … C35300 B453C35300 Annealed 1∕2 to 1 … (2) (3) (7) (8) 44 15 1.00 10.0 9.4 9.0 8.7 8.3 8.1 5.3 2.0 … … … … … … … C35300C35300 Annealed Over 1 … (2) (3) (7) (8) 40 15 1.00 10.0 9.4 9.0 8.7 8.3 8.1 5.3 2.0 … … … … … … … C35300
Bar BarB16 C36000 Annealed 1 & under … (2) (3) (7) (8) 44 18 1.00 12.0 11.3 10.8 10.4 10.0 9.7 5.3 2.0 … … … … … … … C36000 B16C36000 Annealed Over 1 … (2) (3) (7) (8) 40 15 1.00 10.0 9.4 9.0 8.7 8.3 8.1 5.3 2.0 … … … … … … … C36000
Die Forgings (Hot Pressed) Die Forgings (Hot Pressed)B283 C37700 As forged 11∕2 & under … (1) (3) 50 18 1.00 12.0 11.3 10.8 … … … … … … … … … … … … C37700 B283C37700 As forged Over 11∕2 … (1) (3) 46 15 1.00 10.0 9.4 9.0 … … … … … … … … … … … … C37700
Castings CastingsB61 C92200 As cast … … … 34 16 0.80 7.8 7.8 7.8 7.8 7.8 7.8 6.6 6.2 5.8 4.0 … … … … … C92200 B61
B62 C83600 As cast … … … 30 14 0.80 6.9 6.9 6.9 6.9 6.6 6.5 5.5 5.4 … … … … … … … C83600 B62
B148 C95200 As cast … 35 (1) 65 25 0.80 13.4 12.6 12.2 11.8 11.6 11.4 11.4 11.4 11.4 9.4 5.9 … … … … C95200 B148C95400 As cast … 35 (1) (5) 75 30 0.80 16.0 15.2 15.0 14.8 14.8 14.8 14.8 12.8 11.1 8.8 6.8 … … … … C95400
B584 C92200 As cast … … … 34 16 0.80 7.8 7.8 7.8 7.8 7.8 7.8 6.6 6.2 5.8 4.0 … … … … … C92200 B584C93700 As cast … … (3) 30 12 0.80 6.4 5.9 5.5 5.3 5.3 5.2 5.1 … … … … … … … … C93700C97600 As cast … … (3) 40 17 0.80 6.0 5.8 5.6 5.5 5.4 … … … … … … … … … … C97600
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Table A-6 Copper and Copper Alloys (Cont’d)GENERAL NOTES:(a) The tabulated specifications are ANSI/ASTM or ASTM. For ASME BPVC applications, see related specifications in ASME BPVC, Section II.(b) The stress values in this Table may be interpolated to determine values for intermediate temperatures.(c) The P-Numbers listed in this Table are identical to those adopted byASMEBPVC. Qualification ofwelding procedures,welders, andweldingoperators is required and shall comply with ASME BPVC, Section IX, except as modified by para. 127.5.(d) Tensile strengths and allowable stresses shown in “ksi” are “thousands of pounds per square inch.”(e) Thematerials listed in this Table shall not beusedat design temperatures above those forwhichallowable stress values are given.However,for saturated steam at 250 psi (406°F), the allowable stress values given for 400°F may be used.(f) The tabulated stress values are S×E (weld joint efficiency factor) or S×F (material quality factor), as applicable.Weld joint efficiency factorsare shown in Table 102.4.3-1.(g) Pressure–temperature ratings of piping components, as published in standards referenced in this Code, may be used for componentsmeeting the requirements of those standards.Theallowable stress valuesgiven in thisTable are foruse indesigningpiping components thatare not manufactured in accordance with referenced standards.(h) For limitations on the use of copper and copper alloys for flammable liquids and gases, refer to paras. 122.7, 122.8, and 124.7.(i) The y coefficient = 0.4 (see Table 104.1.2-1).(j) The tabulated stress values that are shown in italics are at temperatures in the range where creep and stress rupture strength govern theselection of stresses.(k) See para. 124.1.2 for lower temperature limits.NOTES:(1) THIS MATERIAL IS NOT ACCEPTABLE FOR BOILER EXTERNAL PIPING — SEE FIGURES 100.1.2-1 THROUGH 100.1.2-8.(2) Thismaterialmaybeused for boiler external piping provided that the nominal size does not exceed3 in. and the design temperature does notexceed 406°F. This material shall not be used for blowoff or blowdown piping except as permitted in para. 122.1.4.Where threaded brass orcopper pipe is used for feedwater piping, it shall have a wall thickness not less than that required for Schedule 80 steel pipe of the samenominal size.(3) Welding or brazing of this material is not permitted.(4) When this material is used for welded or brazed construction, the allowable stress values used shall not exceed those given for the samematerial in the annealed condition.(5) Castings that are welded or repair welded shall be heat treated at 1,150°F to 1,200°F, followed by moving-air cooling. The required time attemperature is based on the cross-section thicknesses as follows:
(a) 11∕2 hr for the first inch or fraction thereof
(b) 1∕2 hr for each additional inch or fraction thereof(6) Welds must be made by an electric fusion welding process involving the addition of filler metal.(7) Material conforming to ASTM B16 alloy C36000 shall not be used in primary pressure relief valve applications.(8) Materials shall be tested to determine the presence of residual stresses that might result in failure of individual parts due to stress corrosioncracking. Tests shall be conducted in accordance with ASTM B154 or ASTM B858. The test frequency shall be as specified in ASTM B249.
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Spec.
No. UNS Alloy No. Temper

Size or
Thickness,

in.
P-
No. Notes

Specified
Minimum
Tensile,
ksi

Specified
Minimum
Yield,
ksi

E
or
F

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

UNS Alloy No.
Spec.
No.100 150 200 250 300 350 400

Drawn Seamless Tube Drawn Seamless TubeB210 A93003 O 0.010 to 0.500 21 (1) 14 5 1.00 3.3 3.3 3.3 3.2 2.4 1.8 1.4 A93003 B210A93003 H14 0.010 to 0.500 21 (1) (3) 20 17 1.00 5.7 5.7 5.7 5.5 4.3 3.0 2.4 A93003Alclad A93003 O 0.010 to 0.500 21 (1) (4) 13 4.5 1.00 3.0 2.9 2.8 2.7 2.2 1.6 1.3 Alclad A93003Alclad A93003 H14 0.010 to 0.500 21 (1) (3) (4) 19 16 1.00 5.4 5.4 5.4 5.2 3.9 2.7 2.1 Alclad A93003
B210 A95050 O 0.018 to 0.500 21 (1) 18 6 1.00 4.0 4.0 4.0 4.0 4.0 2.8 1.4 A95050 B210Alclad A95050 O 0.018 to 0.500 21 (1) (13) (23) 17 … 1.00 3.3 3.3 3.3 3.3 3.3 2.8 1.4 Alclad A95050A96061 T4 0.025 to 0.500 23 (1) (6) 30 16 1.00 8.6 8.6 8.6 8.5 6.9 6.3 4.5 A96061A96061 T6 0.025 to 0.500 23 (1) (6) 42 35 1.00 12.0 12.0 12.0 11.7 8.4 6.3 4.5 A96061A96061 T4, T6 welded 0.025 to 0.500 23 (1) (7) 24 … 1.00 6.9 6.9 6.9 6.8 5.5 4.6 3.5 A96061
Seamless Pipe and Seamless Extruded Tube Seamless Pipe and Seamless Extruded TubeB241 A93003 O All 21 (1) 14 5 1.00 3.3 3.3 3.3 3.2 2.4 1.8 1.4 A93003 B241A93003 H18 Less than 1.000 21 (1) (3) 27 24 1.00 7.7 7.7 7.4 6.9 5.4 3.5 2.5 A93003
B241 A93003 H112 Note (20) 21 (1) (3) (20) 14 5 1.00 3.3 3.3 3.3 3.2 2.4 1.8 1.4 A93003 B241Alclad A93003 O All 21 (1) (4) 13 4.5 1.00 3.0 2.9 2.8 2.7 2.2 1.6 1.2 Alclad A93003Alclad A93003 H112 All 21 (1) (3) (4) 13 4.5 1.00 3.0 2.9 2.8 2.7 2.2 1.6 1.2 Alclad A93003
B241 A95083 O All 25 (1) 39 16 1.00 10.7 10.7 … … … … … A95083 B241A95083 H112 All 25 (1) (3) 39 16 1.00 10.7 10.7 … … … … … A95083A95454 O Up thru 5.000 22 (1) 31 12 1.00 8.0 8.0 8.0 7.5 5.5 4.1 3.0 A95454A95454 H112 Up thru 5.000 22 (1) 31 12 1.00 8.0 8.0 8.0 7.5 5.5 4.1 3.0 A95454
B241 A96061 T4 All 23 (1) (6) (9) 26 16 1.00 7.4 7.4 7.4 7.4 6.0 5.8 4.5 A96061 B241A96061 T6 Pipe < NPS 1 23 (1) (2) (5) 42 35 1.00 12.0 12.0 12.0 11.7 8.4 6.3 4.5 A96061A96061 T6 Note (24) 23 (1) (6) (9) (24) 38 35 1.00 10.9 10.9 10.9 10.6 7.9 6.3 4.5 A96061A96061 T4, T6 welded All 23 (1) (7) (9) 24 … 1.00 6.9 6.9 6.9 6.8 5.5 4.6 3.5 A96061A96063 T6 Up thru 1.000 23 (1) (6) 30 25 1.00 8.6 8.6 8.6 7.5 5.0 3.4 2.0 A96063A96063 T5, T6 welded Up thru 1.000 23 (1) (7) 17 ... 1.00 4.9 4.9 4.9 4.9 3.9 3.0 2.0 A96063
Drawn Seamless Condenser and Heat Exchanger Tube Drawn Seamless Condenser and Heat Exchanger TubeB234 A93003 H14 0.010 to 0.200 21 (1) (2) 20 17 1.00 5.7 5.7 5.7 5.5 4.3 3.0 2.4 A93003 B234Alclad A93003 H14 0.010 to 0.200 21 (1) (2) (4) 19 16 1.00 5.4 5.4 5.4 5.2 3.9 2.7 2.1 Alclad A93003A95454 H34 0.010 to 0.200 22 (1) (2) 39 29 1.00 11.1 11.1 11.1 10.8 5.5 4.1 3.0 A95454
B234 A96061 T4 0.025 to 0.200 23 (1) (6) 30 16 1.00 8.6 8.6 8.6 8.5 6.9 6.3 4.5 A96061 B234A96061 T6 0.025 to 0.200 23 (1) (6) 42 35 1.00 12.0 12.0 12.0 11.7 8.4 6.3 4.5 A96061A96061 T4, T6 welded 0.025 to 0.200 23 (1) (7) 24 … 1.00 6.9 6.9 6.9 6.8 5.5 4.6 3.5 A96061
Arc-Welded Round Tube Arc-Welded Round TubeB547 A93003 O 0.125 to 0.500 21 (1) (15) 14 5 1.00 3.3 3.3 3.3 3.2 2.4 1.8 1.4 A93003 B547A93003 O 0.125 to 0.500 21 (1) (16) 14 5 0.85 2.8 2.8 2.8 2.7 2.0 1.5 1.2 A93003A93003 H112 0.250 to 0.400 21 (1) (14) (15) 17 10 1.00 4.9 4.8 4.4 4.1 3.6 3.0 2.4 A93003A93003 H112 0.250 to 0.400 21 (1) (14) (16) 17 10 0.85 4.2 4.1 3.7 3.5 3.1 2.6 2.0 A93003
B547 Alclad A93003 O 0.125 to 0.499 21 (1) (4) (15) 13 4.5 1.00 3.0 2.9 2.8 2.7 2.2 1.6 1.3 Alclad A93003 B547
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Spec.
No. UNS Alloy No. Temper

Size or
Thickness,

in.
P-
No. Notes

Specified
Minimum
Tensile,
ksi

Specified
Minimum
Yield,
ksi

E
or
F

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

UNS Alloy No.
Spec.
No.100 150 200 250 300 350 400

Drawn Seamless Tube Drawn Seamless TubeB210 A93003 O 0.010 to 0.500 21 (1) 14 5 1.00 3.3 3.3 3.3 3.2 2.4 1.8 1.4 A93003 B210A93003 H14 0.010 to 0.500 21 (1) (3) 20 17 1.00 5.7 5.7 5.7 5.5 4.3 3.0 2.4 A93003Alclad A93003 O 0.010 to 0.500 21 (1) (4) 13 4.5 1.00 3.0 2.9 2.8 2.7 2.2 1.6 1.3 Alclad A93003Alclad A93003 H14 0.010 to 0.500 21 (1) (3) (4) 19 16 1.00 5.4 5.4 5.4 5.2 3.9 2.7 2.1 Alclad A93003
B210 A95050 O 0.018 to 0.500 21 (1) 18 6 1.00 4.0 4.0 4.0 4.0 4.0 2.8 1.4 A95050 B210Alclad A95050 O 0.018 to 0.500 21 (1) (13) (23) 17 … 1.00 3.3 3.3 3.3 3.3 3.3 2.8 1.4 Alclad A95050A96061 T4 0.025 to 0.500 23 (1) (6) 30 16 1.00 8.6 8.6 8.6 8.5 6.9 6.3 4.5 A96061A96061 T6 0.025 to 0.500 23 (1) (6) 42 35 1.00 12.0 12.0 12.0 11.7 8.4 6.3 4.5 A96061A96061 T4, T6 welded 0.025 to 0.500 23 (1) (7) 24 … 1.00 6.9 6.9 6.9 6.8 5.5 4.6 3.5 A96061
Seamless Pipe and Seamless Extruded Tube Seamless Pipe and Seamless Extruded TubeB241 A93003 O All 21 (1) 14 5 1.00 3.3 3.3 3.3 3.2 2.4 1.8 1.4 A93003 B241A93003 H18 Less than 1.000 21 (1) (3) 27 24 1.00 7.7 7.7 7.4 6.9 5.4 3.5 2.5 A93003
B241 A93003 H112 Note (20) 21 (1) (3) (20) 14 5 1.00 3.3 3.3 3.3 3.2 2.4 1.8 1.4 A93003 B241Alclad A93003 O All 21 (1) (4) 13 4.5 1.00 3.0 2.9 2.8 2.7 2.2 1.6 1.2 Alclad A93003Alclad A93003 H112 All 21 (1) (3) (4) 13 4.5 1.00 3.0 2.9 2.8 2.7 2.2 1.6 1.2 Alclad A93003
B241 A95083 O All 25 (1) 39 16 1.00 10.7 10.7 … … … … … A95083 B241A95083 H112 All 25 (1) (3) 39 16 1.00 10.7 10.7 … … … … … A95083A95454 O Up thru 5.000 22 (1) 31 12 1.00 8.0 8.0 8.0 7.5 5.5 4.1 3.0 A95454A95454 H112 Up thru 5.000 22 (1) 31 12 1.00 8.0 8.0 8.0 7.5 5.5 4.1 3.0 A95454
B241 A96061 T4 All 23 (1) (6) (9) 26 16 1.00 7.4 7.4 7.4 7.4 6.0 5.8 4.5 A96061 B241A96061 T6 Pipe < NPS 1 23 (1) (2) (5) 42 35 1.00 12.0 12.0 12.0 11.7 8.4 6.3 4.5 A96061A96061 T6 Note (24) 23 (1) (6) (9) (24) 38 35 1.00 10.9 10.9 10.9 10.6 7.9 6.3 4.5 A96061A96061 T4, T6 welded All 23 (1) (7) (9) 24 … 1.00 6.9 6.9 6.9 6.8 5.5 4.6 3.5 A96061A96063 T6 Up thru 1.000 23 (1) (6) 30 25 1.00 8.6 8.6 8.6 7.5 5.0 3.4 2.0 A96063A96063 T5, T6 welded Up thru 1.000 23 (1) (7) 17 ... 1.00 4.9 4.9 4.9 4.9 3.9 3.0 2.0 A96063
Drawn Seamless Condenser and Heat Exchanger Tube Drawn Seamless Condenser and Heat Exchanger TubeB234 A93003 H14 0.010 to 0.200 21 (1) (2) 20 17 1.00 5.7 5.7 5.7 5.5 4.3 3.0 2.4 A93003 B234Alclad A93003 H14 0.010 to 0.200 21 (1) (2) (4) 19 16 1.00 5.4 5.4 5.4 5.2 3.9 2.7 2.1 Alclad A93003A95454 H34 0.010 to 0.200 22 (1) (2) 39 29 1.00 11.1 11.1 11.1 10.8 5.5 4.1 3.0 A95454
B234 A96061 T4 0.025 to 0.200 23 (1) (6) 30 16 1.00 8.6 8.6 8.6 8.5 6.9 6.3 4.5 A96061 B234A96061 T6 0.025 to 0.200 23 (1) (6) 42 35 1.00 12.0 12.0 12.0 11.7 8.4 6.3 4.5 A96061A96061 T4, T6 welded 0.025 to 0.200 23 (1) (7) 24 … 1.00 6.9 6.9 6.9 6.8 5.5 4.6 3.5 A96061
Arc-Welded Round Tube Arc-Welded Round TubeB547 A93003 O 0.125 to 0.500 21 (1) (15) 14 5 1.00 3.3 3.3 3.3 3.2 2.4 1.8 1.4 A93003 B547A93003 O 0.125 to 0.500 21 (1) (16) 14 5 0.85 2.8 2.8 2.8 2.7 2.0 1.5 1.2 A93003A93003 H112 0.250 to 0.400 21 (1) (14) (15) 17 10 1.00 4.9 4.8 4.4 4.1 3.6 3.0 2.4 A93003A93003 H112 0.250 to 0.400 21 (1) (14) (16) 17 10 0.85 4.2 4.1 3.7 3.5 3.1 2.6 2.0 A93003
B547 Alclad A93003 O 0.125 to 0.499 21 (1) (4) (15) 13 4.5 1.00 3.0 2.9 2.8 2.7 2.2 1.6 1.3 Alclad A93003 B547
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Spec.
No. UNS Alloy No. Temper

Size or
Thickness,

in.
P-
No. Notes

Specified
Minimum
Tensile,
ksi

Specified
Minimum
Yield,
ksi

E
or
F

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

UNS Alloy No.
Spec.
No.100 150 200 250 300 350 400

Arc-Welded Round Tube   (Cont’d) Arc-Welded Round Tube (Cont’d)Alclad A93003 O 0.125 to 0.499 21 (1) (4) (16) 13 4.5 0.85 2.6 2.5 2.4 2.3 1.9 1.4 1.1 Alclad A93003Alclad A93003 H112 0.250 to 0.499 21 (1) (4) (14) (15) 16 9 1.00 3.0 2.9 2.8 2.7 2.2 1.6 1.3 Alclad A93003Alclad A93003 H112 0.250 to 0.499 21 (1) (4) (14) (16) 16 9 0.85 2.6 2.5 2.4 2.3 1.9 1.4 1.1 Alclad A93003
B547 A95083 O 0.125 to 0.500 25 (1) (15) 40 18 1.00 11.4 11.4 … … … … … A95083 B547A95083 O 0.125 to 0.500 25 (1) (16) 40 18 0.85 9.7 9.7 … … … … … A95083
B547 A95454 O 0.125 to 0.500 22 (1) (15) 31 12 1.00 8.0 8.0 8.0 8.0 5.5 4.1 3.0 A95454 B547A95454 O 0.125 to 0.500 22 (1) (16) 31 12 0.85 6.8 6.8 6.8 6.8 4.7 3.5 2.6 A95454A95454 H112 0.250 to 0.499 22 (1) (14) (15) 32 18 1.00 8.0 8.0 8.0 8.0 5.5 4.1 3.0 A95454A95454 H112 0.250 to 0.499 22 (1) (14) (16) 32 18 0.85 6.8 6.8 6.8 6.8 4.7 3.5 2.6 A95454
B547 A96061 T4 0.125 to 0.249 23 (1) (7) (15) (17) 30 16 1.00 8.6 8.6 8.6 8.5 6.9 6.3 4.5 A96061 B547A96061 T4 0.125 to 0.249 23 (1) (7) (16) (17) 30 16 0.85 7.3 7.3 7.3 7.2 5.9 5.4 3.8 A96061A96061 T451 0.250 to 0.500 23 (1) (7) (15) (17) 30 16 1.00 8.6 8.6 8.6 8.5 6.9 6.3 4.5 A96061A96061 T451 0.250 to 0.500 23 (1) (7) (16) (17) 30 16 0.85 7.3 7.3 7.3 7.2 5.9 5.4 3.8 A96061
B547 A96061 T6 0.125 to 0.249 23 (1) (7) (15) (17) 42 35 1.00 12.0 12.0 12.0 11.7 8.4 6.3 4.5 A96061 B547A96061 T6 0.125 to 0.249 23 (1) (7) (16) (17) 42 35 0.85 10.2 10.2 10.2 9.9 7.1 5.4 3.8 A96061A96061 T651 0.250 to 0.500 23 (1) (7) (15) (17) 42 35 1.00 12.0 12.0 12.0 11.7 8.4 6.3 4.5 A96061A96061 T651 0.250 to 0.500 23 (1) (7) (16) (17) 42 35 0.85 10.2 10.2 10.2 9.9 7.1 5.4 3.8 A96061
B547 A96061 T4 0.125 to 0.249 23 (1) (7) (15) (25) 30 16 1.00 6.9 6.9 6.9 6.9 5.5 4.6 3.5 A96061 B547A96061 T4 0.125 to 0.249 23 (1) (7) (16) (25) 30 16 0.85 5.9 5.9 5.9 5.9 4.7 3.9 3.0 A96061A96061 T451 0.250 to 0.500 23 (1) (7) (15) (25) 30 16 1.00 6.9 6.9 6.9 6.9 5.5 4.6 3.5 A96061A96061 T451 0.250 to 0.500 23 (1) (7) (16) (25) 30 16 0.85 5.9 5.9 5.9 5.9 4.7 3.9 3.0 A96061
B547 A96061 T6 0.125 to 0.249 23 (1) (7) (15) (25) 42 35 1.00 6.9 6.9 6.9 6.9 5.5 4.6 3.5 A96061 B547A96061 T6 0.125 to 0.249 23 (1) (7) (16) (25) 42 35 0.85 5.9 5.9 5.9 5.9 4.7 3.9 3.0 A96061A96061 T651 0.250 to 0.500 23 (1) (7) (15) (25) 42 35 1.00 6.9 6.9 6.9 6.9 5.5 4.6 3.5 A96061A96061 T651 0.250 to 0.500 23 (1) (7) (16) (25) 42 35 0.85 5.9 5.9 5.9 5.9 4.7 3.9 3.0 A96061
Sheet and Plate Sheet and PlateB209 A93003 O 0.006 to 3.000 21 (1) 14 5 1.00 3.3 3.3 3.3 3.2 2.4 1.8 1.4 A93003 B209A93003 H112 0.250 to 0.499 21 (1) (3) 17 10 1.00 4.9 4.8 4.4 4.1 3.6 3.0 2.4 A93003A93003 H112 0.500 to 2.000 21 (1) (3) 15 6 1.00 4.0 3.9 3.7 3.6 2.4 1.8 1.4 A93003
B209 Alclad A93003 O 0.006 to 0.499 21 (1) (4) 13 4.5 1.00 3.0 2.9 2.8 2.7 2.2 1.6 1.3 Alclad A93003 B209Alclad A93003 O 0.500 to 3.000 21 (1) (18) 14 5 1.00 3.3 3.2 3.1 3.0 2.2 1.6 1.3 Alclad A93003Alclad A93003 H112 0.250 to 0.499 21 (1) (3) (4) 16 9 1.00 4.6 4.5 4.2 3.9 3.3 2.7 2.1 Alclad A93003Alclad A93003 H112 0.500 to 2.000 21 (1) (3) (19) 15 6 1.00 4.0 3.9 3.8 3.6 2.2 1.6 1.3 Alclad A93003
B209 A95083 O 0.051 to 1.500 25 (1) 40 18 1.00 11.4 11.4 … … … … … A95083 B209A95454 O 0.020 to 3.000 22 (1) 31 12 1.00 8.0 8.0 8.0 8.0 5.5 4.1 3.0 A95454A95454 H112 0.250 to 0.499 22 (1) (3) 32 18 1.00 9.1 9.1 9.1 9.1 5.5 4.1 3.0 A95454A95454 H112 0.500 to 3.000 22 (1) (3) 31 12 1.00 8.0 8.0 8.0 8.0 5.5 4.1 3.0 A95454
B209 A96061 T4 0.006 to 0.249 23 (1) (6) (9) 30 16 1.00 8.6 8.6 8.6 8.5 6.9 6.3 4.5 A96061 B209
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Spec.
No. UNS Alloy No. Temper

Size or
Thickness,

in.
P-
No. Notes

Specified
Minimum
Tensile,
ksi

Specified
Minimum
Yield,
ksi

E
or
F

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

UNS Alloy No.
Spec.
No.100 150 200 250 300 350 400

Arc-Welded Round Tube Arc-Welded Round Tube (Cont’d)Alclad A93003 O 0.125 to 0.499 21 (1) (4) (16) 13 4.5 0.85 2.6 2.5 2.4 2.3 1.9 1.4 1.1 Alclad A93003Alclad A93003 H112 0.250 to 0.499 21 (1) (4) (14) (15) 16 9 1.00 3.0 2.9 2.8 2.7 2.2 1.6 1.3 Alclad A93003Alclad A93003 H112 0.250 to 0.499 21 (1) (4) (14) (16) 16 9 0.85 2.6 2.5 2.4 2.3 1.9 1.4 1.1 Alclad A93003
B547 A95083 O 0.125 to 0.500 25 (1) (15) 40 18 1.00 11.4 11.4 … … … … … A95083 B547A95083 O 0.125 to 0.500 25 (1) (16) 40 18 0.85 9.7 9.7 … … … … … A95083
B547 A95454 O 0.125 to 0.500 22 (1) (15) 31 12 1.00 8.0 8.0 8.0 8.0 5.5 4.1 3.0 A95454 B547A95454 O 0.125 to 0.500 22 (1) (16) 31 12 0.85 6.8 6.8 6.8 6.8 4.7 3.5 2.6 A95454A95454 H112 0.250 to 0.499 22 (1) (14) (15) 32 18 1.00 8.0 8.0 8.0 8.0 5.5 4.1 3.0 A95454A95454 H112 0.250 to 0.499 22 (1) (14) (16) 32 18 0.85 6.8 6.8 6.8 6.8 4.7 3.5 2.6 A95454
B547 A96061 T4 0.125 to 0.249 23 (1) (7) (15) (17) 30 16 1.00 8.6 8.6 8.6 8.5 6.9 6.3 4.5 A96061 B547A96061 T4 0.125 to 0.249 23 (1) (7) (16) (17) 30 16 0.85 7.3 7.3 7.3 7.2 5.9 5.4 3.8 A96061A96061 T451 0.250 to 0.500 23 (1) (7) (15) (17) 30 16 1.00 8.6 8.6 8.6 8.5 6.9 6.3 4.5 A96061A96061 T451 0.250 to 0.500 23 (1) (7) (16) (17) 30 16 0.85 7.3 7.3 7.3 7.2 5.9 5.4 3.8 A96061
B547 A96061 T6 0.125 to 0.249 23 (1) (7) (15) (17) 42 35 1.00 12.0 12.0 12.0 11.7 8.4 6.3 4.5 A96061 B547A96061 T6 0.125 to 0.249 23 (1) (7) (16) (17) 42 35 0.85 10.2 10.2 10.2 9.9 7.1 5.4 3.8 A96061A96061 T651 0.250 to 0.500 23 (1) (7) (15) (17) 42 35 1.00 12.0 12.0 12.0 11.7 8.4 6.3 4.5 A96061A96061 T651 0.250 to 0.500 23 (1) (7) (16) (17) 42 35 0.85 10.2 10.2 10.2 9.9 7.1 5.4 3.8 A96061
B547 A96061 T4 0.125 to 0.249 23 (1) (7) (15) (25) 30 16 1.00 6.9 6.9 6.9 6.9 5.5 4.6 3.5 A96061 B547A96061 T4 0.125 to 0.249 23 (1) (7) (16) (25) 30 16 0.85 5.9 5.9 5.9 5.9 4.7 3.9 3.0 A96061A96061 T451 0.250 to 0.500 23 (1) (7) (15) (25) 30 16 1.00 6.9 6.9 6.9 6.9 5.5 4.6 3.5 A96061A96061 T451 0.250 to 0.500 23 (1) (7) (16) (25) 30 16 0.85 5.9 5.9 5.9 5.9 4.7 3.9 3.0 A96061
B547 A96061 T6 0.125 to 0.249 23 (1) (7) (15) (25) 42 35 1.00 6.9 6.9 6.9 6.9 5.5 4.6 3.5 A96061 B547A96061 T6 0.125 to 0.249 23 (1) (7) (16) (25) 42 35 0.85 5.9 5.9 5.9 5.9 4.7 3.9 3.0 A96061A96061 T651 0.250 to 0.500 23 (1) (7) (15) (25) 42 35 1.00 6.9 6.9 6.9 6.9 5.5 4.6 3.5 A96061A96061 T651 0.250 to 0.500 23 (1) (7) (16) (25) 42 35 0.85 5.9 5.9 5.9 5.9 4.7 3.9 3.0 A96061
Sheet and Plate Sheet and PlateB209 A93003 O 0.006 to 3.000 21 (1) 14 5 1.00 3.3 3.3 3.3 3.2 2.4 1.8 1.4 A93003 B209A93003 H112 0.250 to 0.499 21 (1) (3) 17 10 1.00 4.9 4.8 4.4 4.1 3.6 3.0 2.4 A93003A93003 H112 0.500 to 2.000 21 (1) (3) 15 6 1.00 4.0 3.9 3.7 3.6 2.4 1.8 1.4 A93003
B209 Alclad A93003 O 0.006 to 0.499 21 (1) (4) 13 4.5 1.00 3.0 2.9 2.8 2.7 2.2 1.6 1.3 Alclad A93003 B209Alclad A93003 O 0.500 to 3.000 21 (1) (18) 14 5 1.00 3.3 3.2 3.1 3.0 2.2 1.6 1.3 Alclad A93003Alclad A93003 H112 0.250 to 0.499 21 (1) (3) (4) 16 9 1.00 4.6 4.5 4.2 3.9 3.3 2.7 2.1 Alclad A93003Alclad A93003 H112 0.500 to 2.000 21 (1) (3) (19) 15 6 1.00 4.0 3.9 3.8 3.6 2.2 1.6 1.3 Alclad A93003
B209 A95083 O 0.051 to 1.500 25 (1) 40 18 1.00 11.4 11.4 … … … … … A95083 B209A95454 O 0.020 to 3.000 22 (1) 31 12 1.00 8.0 8.0 8.0 8.0 5.5 4.1 3.0 A95454A95454 H112 0.250 to 0.499 22 (1) (3) 32 18 1.00 9.1 9.1 9.1 9.1 5.5 4.1 3.0 A95454A95454 H112 0.500 to 3.000 22 (1) (3) 31 12 1.00 8.0 8.0 8.0 8.0 5.5 4.1 3.0 A95454
B209 A96061 T4 0.006 to 0.249 23 (1) (6) (9) 30 16 1.00 8.6 8.6 8.6 8.5 6.9 6.3 4.5 A96061 B209
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Spec.
No. UNS Alloy No. Temper

Size or
Thickness,

in.
P-
No. Notes

Specified
Minimum
Tensile,
ksi

Specified
Minimum
Yield,
ksi

E
or
F

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

UNS Alloy No.
Spec.
No.100 150 200 250 300 350 400

Sheet and Plate   (Cont’d) Sheet and Plate (Cont’d)A96061 T451 0.250 to 3.000 23 (1) (6) (9) 30 16 1.00 8.6 8.6 8.6 8.5 6.9 6.3 4.5 A96061A96061 T4 welded 0.006 to 0.249 23 (1) (7) (9) 24 … 1.00 6.9 6.9 6.9 6.9 5.5 4.6 3.5 A96061A96061 T451 welded 0.250 to 3.000 23 (1) (7) (9) 24 … 1.00 6.9 6.9 6.9 6.8 5.5 4.6 3.5 A96061
B209 A96061 T6 0.051 to 0.249 23 (1) (6) (9) 42 35 1.00 12.0 12.0 12.0 11.7 8.4 6.3 4.5 A96061 B209A96061 T651 0.250 to 4.000 23 (1) (6) (9) 42 35 1.00 12.0 12.0 12.0 11.7 8.4 6.3 4.5 A96061A96061 T651 4.001 to 6.000 23 (1) (6) (9) 40 35 1.00 11.4 11.4 11.4 11.1 8.2 6.3 4.4 A96061A96061 T6 welded 0.051 to 0.249 23 (1) (7) (9) 24 … 1.00 6.9 6.9 6.9 6.8 5.5 4.6 3.5 A96061A96061 T651 welded 0.250 to 6.000 23 (1) (7) (9) 24 … 1.00 6.9 6.9 6.9 6.8 5.5 4.6 3.5 A96061
Die and Hand Forgings Die and Hand ForgingsB247 A93003 H112 Up thru 4.000 21 (1) (11) 14 5 1.00 3.3 3.3 3.3 3.2 2.4 1.8 1.4 A93003 B247A93003 H112 welded Up thru 4.000 21 (1) (7) (11) 14 5 1.00 3.3 3.3 3.3 3.2 2.4 1.8 1.4 A93003
B247 A95083 H111 Up thru 4.000 25 (1) (6) 39 20 1.00 11.1 11.1 … … … … … A95083 B247A95083 H112 Up thru 4.000 25 (1) (6) 39 16 1.00 10.7 10.7 … … … … … A95083A95083 H111, H112 welded Up thru 4.000 25 (1) (7) 38 16 1.00 10.9 10.9 … … … … … A95083
B247 A96061 T6 Up thru 4.000 23 (1) (6) (11) 38 35 1.00 10.9 10.9 10.9 10.6 7.9 6.3 4.5 A96061 B247A96061 T6 Up thru 4.000 23 (1) (6) (12) 37 33 1.00 10.6 10.6 10.6 10.5 7.7 6.3 4.5 A96061A96061 T6 4.001 to 8.000 23 (1) (6) (12) 35 32 1.00 10.0 10.0 10.0 9.9 7.4 6.1 4.5 A96061A96061 T6 welded Up thru 8.000 23 (1) (7) 24 … 1.00 6.9 6.9 6.9 6.8 5.5 4.6 3.5 A96061
Rods, Bars, and Shapes Rods, Bars, and ShapesB221 A91060 O All 21 (1) (21) (22) 8.5 2.5 1.00 1.7 1.7 1.6 1.4 1.3 1.1 0.8 A91060 B221A91060 H112 All 21 (1) (3) (21) (22) 8.5 2.5 1.00 1.7 1.7 1.6 1.4 1.3 1.1 0.8 A91060
B221 A91100 O All 21 (1) (21) (22) 11 3 1.00 2.0 2.0 2.0 2.0 1.8 1.4 1.0 A91100 B221A91100 H112 All 21 (1) (3) (21) (22) 11 3 1.00 2.0 2.0 2.0 2.0 1.8 1.4 1.0 A91100
B221 A93003 O All 21 (1) (21) (22) 14 5 1.00 3.3 3.3 3.3 3.2 2.4 1.8 1.4 A93003 B221A93003 H112 All 21 (1) (3) (21) (22) 14 5 1.00 3.3 3.3 3.3 3.2 2.4 1.8 1.4 A93003
B221 A92024 T3 Up thru 0.249 … (1) (2) (9) (21) (22) 57 42 1.00 16.3 16.3 16.3 12.6 9.5 6.0 4.2 A92024 B221A92024 T3 0.250–0.749 … (1) (2) (9) (21) (22) 60 44 1.00 17.1 17.1 17.1 13.2 10.0 6.3 4.4 A92024A92024 T3 0.750–1.499 … (1) (2) (9) (21) (22) 65 46 1.00 18.6 18.6 18.6 14.3 10.8 6.8 4.7 A92024A92024 T3 1.500 and over … (1) (2) (9) (21) (22) 68 48 1.00 19.4 19.4 19.4 15.0 11.3 7.1 5.0 A92024
B221 A95083 O Up thru 5.000 25 (1) (21) (22) 39 16 1.00 10.7 10.7 … … … … … A95083 B221A95083 H111 Up thru 5.000 25 (1) (3) (21) (22) 40 24 1.00 11.4 11.4 … … … … … A95083A95083 H112 Up thru 5.000 25 (1) (3) (21) (22) 39 16 1.00 10.7 10.7 … … … … … A95083
B221 A95086 H112 Up thru 5.000 25 (1) (2) (21) (22) 35 14 1.00 9.3 9.3 … … … … … A95086 B221
B221 A95154 O All 22 (1) (21) (22) 30 11 1.00 7.3 7.3 … … … … … A95154 B221A95154 H112 All 22 (1) (3) (21) (22) 30 11 1.00 7.3 7.3 … … … … … A95154
B221 A95454 O Up thru 5.000 22 (1) (21) (22) 31 12 1.00 8.0 8.0 8.0 8.0 5.5 4.1 3.0 A95454 B221
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Spec.
No. UNS Alloy No. Temper

Size or
Thickness,

in.
P-
No. Notes

Specified
Minimum
Tensile,
ksi

Specified
Minimum
Yield,
ksi

E
or
F

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

UNS Alloy No.
Spec.
No.100 150 200 250 300 350 400

Sheet and Plate Sheet and Plate (Cont’d)A96061 T451 0.250 to 3.000 23 (1) (6) (9) 30 16 1.00 8.6 8.6 8.6 8.5 6.9 6.3 4.5 A96061A96061 T4 welded 0.006 to 0.249 23 (1) (7) (9) 24 … 1.00 6.9 6.9 6.9 6.9 5.5 4.6 3.5 A96061A96061 T451 welded 0.250 to 3.000 23 (1) (7) (9) 24 … 1.00 6.9 6.9 6.9 6.8 5.5 4.6 3.5 A96061
B209 A96061 T6 0.051 to 0.249 23 (1) (6) (9) 42 35 1.00 12.0 12.0 12.0 11.7 8.4 6.3 4.5 A96061 B209A96061 T651 0.250 to 4.000 23 (1) (6) (9) 42 35 1.00 12.0 12.0 12.0 11.7 8.4 6.3 4.5 A96061A96061 T651 4.001 to 6.000 23 (1) (6) (9) 40 35 1.00 11.4 11.4 11.4 11.1 8.2 6.3 4.4 A96061A96061 T6 welded 0.051 to 0.249 23 (1) (7) (9) 24 … 1.00 6.9 6.9 6.9 6.8 5.5 4.6 3.5 A96061A96061 T651 welded 0.250 to 6.000 23 (1) (7) (9) 24 … 1.00 6.9 6.9 6.9 6.8 5.5 4.6 3.5 A96061
Die and Hand Forgings Die and Hand ForgingsB247 A93003 H112 Up thru 4.000 21 (1) (11) 14 5 1.00 3.3 3.3 3.3 3.2 2.4 1.8 1.4 A93003 B247A93003 H112 welded Up thru 4.000 21 (1) (7) (11) 14 5 1.00 3.3 3.3 3.3 3.2 2.4 1.8 1.4 A93003
B247 A95083 H111 Up thru 4.000 25 (1) (6) 39 20 1.00 11.1 11.1 … … … … … A95083 B247A95083 H112 Up thru 4.000 25 (1) (6) 39 16 1.00 10.7 10.7 … … … … … A95083A95083 H111, H112 welded Up thru 4.000 25 (1) (7) 38 16 1.00 10.9 10.9 … … … … … A95083
B247 A96061 T6 Up thru 4.000 23 (1) (6) (11) 38 35 1.00 10.9 10.9 10.9 10.6 7.9 6.3 4.5 A96061 B247A96061 T6 Up thru 4.000 23 (1) (6) (12) 37 33 1.00 10.6 10.6 10.6 10.5 7.7 6.3 4.5 A96061A96061 T6 4.001 to 8.000 23 (1) (6) (12) 35 32 1.00 10.0 10.0 10.0 9.9 7.4 6.1 4.5 A96061A96061 T6 welded Up thru 8.000 23 (1) (7) 24 … 1.00 6.9 6.9 6.9 6.8 5.5 4.6 3.5 A96061
Rods, Bars, and Shapes Rods, Bars, and ShapesB221 A91060 O All 21 (1) (21) (22) 8.5 2.5 1.00 1.7 1.7 1.6 1.4 1.3 1.1 0.8 A91060 B221A91060 H112 All 21 (1) (3) (21) (22) 8.5 2.5 1.00 1.7 1.7 1.6 1.4 1.3 1.1 0.8 A91060
B221 A91100 O All 21 (1) (21) (22) 11 3 1.00 2.0 2.0 2.0 2.0 1.8 1.4 1.0 A91100 B221A91100 H112 All 21 (1) (3) (21) (22) 11 3 1.00 2.0 2.0 2.0 2.0 1.8 1.4 1.0 A91100
B221 A93003 O All 21 (1) (21) (22) 14 5 1.00 3.3 3.3 3.3 3.2 2.4 1.8 1.4 A93003 B221A93003 H112 All 21 (1) (3) (21) (22) 14 5 1.00 3.3 3.3 3.3 3.2 2.4 1.8 1.4 A93003
B221 A92024 T3 Up thru 0.249 … (1) (2) (9) (21) (22) 57 42 1.00 16.3 16.3 16.3 12.6 9.5 6.0 4.2 A92024 B221A92024 T3 0.250–0.749 … (1) (2) (9) (21) (22) 60 44 1.00 17.1 17.1 17.1 13.2 10.0 6.3 4.4 A92024A92024 T3 0.750–1.499 … (1) (2) (9) (21) (22) 65 46 1.00 18.6 18.6 18.6 14.3 10.8 6.8 4.7 A92024A92024 T3 1.500 and over … (1) (2) (9) (21) (22) 68 48 1.00 19.4 19.4 19.4 15.0 11.3 7.1 5.0 A92024
B221 A95083 O Up thru 5.000 25 (1) (21) (22) 39 16 1.00 10.7 10.7 … … … … … A95083 B221A95083 H111 Up thru 5.000 25 (1) (3) (21) (22) 40 24 1.00 11.4 11.4 … … … … … A95083A95083 H112 Up thru 5.000 25 (1) (3) (21) (22) 39 16 1.00 10.7 10.7 … … … … … A95083
B221 A95086 H112 Up thru 5.000 25 (1) (2) (21) (22) 35 14 1.00 9.3 9.3 … … … … … A95086 B221
B221 A95154 O All 22 (1) (21) (22) 30 11 1.00 7.3 7.3 … … … … … A95154 B221A95154 H112 All 22 (1) (3) (21) (22) 30 11 1.00 7.3 7.3 … … … … … A95154
B221 A95454 O Up thru 5.000 22 (1) (21) (22) 31 12 1.00 8.0 8.0 8.0 8.0 5.5 4.1 3.0 A95454 B221

Table A-7 Aluminum and Aluminum Alloys (Cont’d)

ASME B31.1-2020

209



Spec.
No. UNS Alloy No. Temper

Size or
Thickness,

in.
P-
No. Notes

Specified
Minimum
Tensile,
ksi

Specified
Minimum
Yield,
ksi

E
or
F

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

UNS Alloy No.
Spec.
No.100 150 200 250 300 350 400

Rods, Bars, and Shapes   (Cont’d) Rods, Bars, and Shapes (Cont’d)A95454 H111 Up thru 5.000 22 (1) (3) (21) (22) 33 19 1.00 9.4 9.4 9.4 9.4 5.5 4.1 3.0 A95454A95454 H112 Up thru 5.000 22 (1) (3) (21) (22) 31 12 1.00 8.0 8.0 8.0 8.0 5.5 4.1 3.0 A95454
B221 A95456 O Up thru 5.000 25 (1) (21) (22) 41 19 1.00 11.7 11.7 … … … … … A95456 B221A95456 H111 Up thru 5.000 25 (1) (3) (21) (22) 42 26 1.00 12.0 12.0 … … … … … A95456A95456 H112 Up thru 5.000 25 (1) (3) (21) (22) 41 19 1.00 11.7 11.7 … … … … … A95456
B221 A96061 T4 All 23 (1) (2) (9) (21) (22) 26 16 1.00 7.4 7.4 7.4 7.4 6.0 5.8 4.5 A96061 B221A96061 T6 All 23 (1) (2) (9) (21) (22) 38 35 1.00 10.9 10.9 10.9 10.6 7.9 6.3 4.5 A96061A96061 T4 welded All 23 (1) (7) (9) (21) (22) 24 … 1.00 6.9 6.9 6.9 6.8 5.5 4.6 3.5 A96061A96061 T6 welded All 23 (1) (7) (9) (21) (22) 24 … 1.00 6.9 6.9 6.9 6.8 5.5 4.6 3.5 A96061
B221 A96063 T1 Up thru 0.500 23 (1) (2) (21) (22) 17 9 1.00 4.9 4.9 4.9 4.9 4.2 3.4 2.0 A96063 B221A96063 T1 0.501–1.000 23 (1) (2) (21) (22) 16 8 1.00 4.6 4.6 4.6 4.6 4.0 3.4 2.0 A96063A96063 T5 Up thru 0.500 23 (1) (2) (21) (22) 22 16 1.00 6.3 6.3 6.1 5.8 4.6 3.4 2.0 A96063A96063 T5 0.501–1.000 23 (1) (2) (21) (22) 21 15 1.00 6.0 6.0 5.9 5.6 4.3 3.4 2.0 A96063A96063 T6 Up thru 1.000 23 (1) (2) (21) (22) 30 25 1.00 8.6 8.6 8.6 7.5 5.0 3.4 2.0 A96063A96063 T5, T6 welded Up thru 1.000 23 (1) (7) (21) (22) 17 8 1.00 4.9 4.9 4.9 4.9 3.9 3.0 2.0 A96063
Castings CastingsB26 A24430 F … … (1) (2) 17 6 0.80 3.2 3.2 3.2 3.0 2.8 2.5 2.2 A24430 B26A03560 T6 … … (1) (2) 30 20 0.80 6.9 6.9 6.9 5.0 … … … A03560A03560 T71 … … (1) (2) 25 18 0.80 5.8 5.8 5.8 5.0 4.3 3.3 1.9 A03560
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Spec.
No. UNS Alloy No. Temper

Size or
Thickness,

in.
P-
No. Notes

Specified
Minimum
Tensile,
ksi

Specified
Minimum
Yield,
ksi

E
or
F

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

UNS Alloy No.
Spec.
No.100 150 200 250 300 350 400

Rods, Bars, and Shapes Rods, Bars, and Shapes (Cont’d)A95454 H111 Up thru 5.000 22 (1) (3) (21) (22) 33 19 1.00 9.4 9.4 9.4 9.4 5.5 4.1 3.0 A95454A95454 H112 Up thru 5.000 22 (1) (3) (21) (22) 31 12 1.00 8.0 8.0 8.0 8.0 5.5 4.1 3.0 A95454
B221 A95456 O Up thru 5.000 25 (1) (21) (22) 41 19 1.00 11.7 11.7 … … … … … A95456 B221A95456 H111 Up thru 5.000 25 (1) (3) (21) (22) 42 26 1.00 12.0 12.0 … … … … … A95456A95456 H112 Up thru 5.000 25 (1) (3) (21) (22) 41 19 1.00 11.7 11.7 … … … … … A95456
B221 A96061 T4 All 23 (1) (2) (9) (21) (22) 26 16 1.00 7.4 7.4 7.4 7.4 6.0 5.8 4.5 A96061 B221A96061 T6 All 23 (1) (2) (9) (21) (22) 38 35 1.00 10.9 10.9 10.9 10.6 7.9 6.3 4.5 A96061A96061 T4 welded All 23 (1) (7) (9) (21) (22) 24 … 1.00 6.9 6.9 6.9 6.8 5.5 4.6 3.5 A96061A96061 T6 welded All 23 (1) (7) (9) (21) (22) 24 … 1.00 6.9 6.9 6.9 6.8 5.5 4.6 3.5 A96061
B221 A96063 T1 Up thru 0.500 23 (1) (2) (21) (22) 17 9 1.00 4.9 4.9 4.9 4.9 4.2 3.4 2.0 A96063 B221A96063 T1 0.501–1.000 23 (1) (2) (21) (22) 16 8 1.00 4.6 4.6 4.6 4.6 4.0 3.4 2.0 A96063A96063 T5 Up thru 0.500 23 (1) (2) (21) (22) 22 16 1.00 6.3 6.3 6.1 5.8 4.6 3.4 2.0 A96063A96063 T5 0.501–1.000 23 (1) (2) (21) (22) 21 15 1.00 6.0 6.0 5.9 5.6 4.3 3.4 2.0 A96063A96063 T6 Up thru 1.000 23 (1) (2) (21) (22) 30 25 1.00 8.6 8.6 8.6 7.5 5.0 3.4 2.0 A96063A96063 T5, T6 welded Up thru 1.000 23 (1) (7) (21) (22) 17 8 1.00 4.9 4.9 4.9 4.9 3.9 3.0 2.0 A96063
Castings CastingsB26 A24430 F … … (1) (2) 17 6 0.80 3.2 3.2 3.2 3.0 2.8 2.5 2.2 A24430 B26A03560 T6 … … (1) (2) 30 20 0.80 6.9 6.9 6.9 5.0 … … … A03560A03560 T71 … … (1) (2) 25 18 0.80 5.8 5.8 5.8 5.0 4.3 3.3 1.9 A03560
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Table A-7 Aluminum and Aluminum Alloys (Cont’d)GENERAL NOTES:(a) The tabulated specifications are ANSI/ASTM or ASTM. For ASME BPVC applications, see related specifications in ASME BPVC, Section II.(b) The stress values in this Table may be interpolated to determine values for intermediate temperatures.(c) The P-Numbers listed in this Table are identical to those adopted byASMEBPVC. Qualification ofwelding procedures,welders, andweldingoperators is required and shall comply with ASME BPVC, Section IX, except as modified by para. 127.5.(d) Tensile strengths and allowable stresses shown in “ksi” are “thousands of pounds per square inch.”(e) The materials listed in this Table shall not be used at design temperatures above those for which allowable stress values are given.(f) The tabulated stress values are S×E (weld joint efficiency factor) or S×F (material quality factor), as applicable.Weld joint efficiency factorsare shown in Table 102.4.3-1.(g) Pressure–temperature ratings of piping components, as published in standards referenced in this Code, may be used for componentsmeeting the requirements of those standards.Theallowable stress valuesgiven in thisTable are foruse indesigningpiping components thatare not manufactured in accordance with referenced standards.(h) Aluminum and aluminum alloys shall not be used for flammable fluids within the boiler plant structure (see para. 122.7).(i) The y coefficient = 0.4 (see Table 104.1.2-1).(j) The tabulated stress values that are shown in italics are at temperatures in the range where creep and stress rupture strength govern theselection of stresses.(k) See para. 124.1.2 for lower temperature limits.NOTES:(1) THIS MATERIAL IS NOT ACCEPTABLE FOR USE ON BOILER EXTERNAL PIPING — SEE FIGURES 100.1.2-1 THROUGH 100.1.2-8.(2) These allowable stress values are not applicable when either welding or thermal cutting is employed.(3) Theseallowable stressvalues arenot applicablewheneitherweldingor thermal cutting is employed. In such cases, the correspondingstressvalues for the O temper shall be used.(4) These allowable stress values are 90% of those for the corresponding core material.(5) These allowable stress values apply only to seamless pipe smaller than NPS 1 that is extruded and then drawn.(6) Theseallowable stressvalues arenot applicablewheneitherweldingor thermal cutting is employed. In such cases, the correspondingstressvalues for the welded condition shall be used.(7) The strength of a reduced-section tensile specimen is required to qualify welding procedures. Refer to ASME BPVC, Section IX, QW-150.(8) DELETED(9) For stress relieved tempers (T351, T3510, T3511, T451, T4510, T4511, T651, T6510, andT6511), stress values for thematerial in the basictemper shall be used.(10) DELETED(11) These allowable stress values are for die forgings.(12) These allowable stress values are for hand forgings.(13) For temperaturesup to300°F, these allowable stress values are 83%of those for the corresponding corematerial. At temperatures of 350°Fand 400°F, these allowable stress values are 90% of those for the corresponding core material.(14) These allowable stress values are for the tempers listed in the welded condition and are identical to those for the O temper.(15) These allowable stress values are based on 100% radiography of the longitudinal weld in accordance with ASTM B547.(16) These allowable stress values are based on spot radiography of the longitudinal weld in accordance with ASTM B547.(17) These allowable stress values are for the heat-treated tempers listed that are tempered after welding.(18) The tension test specimen from plate that is not less than 0.500 in. thick is machined from the core and does not include the cladding alloy.Therefore, the allowable stress values for thicknesses less than 0.500 in. shall be used.(19) The tension test specimen from plate that is not less than 0.500 in. thick is machined from the core and does not include the cladding alloy.Therefore, these allowable stress values are 90% of those for the core material of the same thickness.(20) These allowable stress values are for seamless extruded tube in all sizes and for seamless pipe in sizes NPS 1 and larger.(21) Stress values in restricted shear, such as indowelbolts or similar construction inwhich the shearingmember is so restricted that the sectionunder consideration would fail without reduction of area, shall be 0.80 times the values in this Table.(22) Stress values in bearing shall be 1.60 times the values in this Table.(23) ASTM B210 does not include this alloy/grade of material.(24) These allowable stress values apply to all thicknesses and sizes of seamless tubing. They also apply to NPS 1 and larger seamless pipe.(25) These allowable stress values are for the tempers listed in the welded condition.
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Spec.
No.

Type or
Grade

UNS
Alloy
No. Temper Nominal Composition

P-
No. Notes

Specified
Minimum
Tensile,
ksi

Specified
Minimum
Yield,
ksi

E
or
F

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

Type or
Grade

Spec.
No.1,200 1,250 1,300 1,350 1,400 1,450 1,500

Seamless Pipe and Tube Seamless Pipe and TubeA213 TP304H S30409 … 18Cr–8Ni 8 … 75 30 1.00 6.1 4.7 3.7 2.9 2.3 1.8 1.4 TP304H A213… S30815 … 21Cr–11Ni–N 8 (1) (10) 87 45 1.00 5.2 4.0 3.1 2.4 1.9 1.6 1.3 …TP310H S31009 … 25Cr–20Ni 8 (2) (4) 75 30 1.00 4.0 3.0 2.2 1.7 1.3 0.97 0.75 TP310HTP316H S31609 … 16Cr–12Ni–2Mo 8 … 75 30 1.00 7.4 5.5 4.1 3.1 2.3 1.7 1.3 TP316HTP316L S31603 … 16Cr–12Ni–2Mo 8 (1) 70 25 1.00 6.4 4.7 3.5 2.5 1.8 1.3 1.0 TP316L
A213 TP321H S32109 … 18Cr–10Ni–Ti 8 … 75 30 1.00 5.4 4.1 3.2 2.5 1.9 1.5 1.1 TP321H A213TP347H S34709 … 18Cr–10Ni–Cb 8 … 75 30 1.00 7.9 5.9 4.4 3.2 2.5 1.8 1.3 TP347HTP348H S34809 … 18Cr–10Ni–Cb 8 … 75 30 1.00 7.9 5.9 4.4 3.2 2.5 1.8 1.3 TP348H
A312 TP304H S30409 … 18Cr–8Ni 8 … 75 30 1.00 6.1 4.7 3.7 2.9 2.3 1.8 1.4 TP304H A312… S30815 … 21Cr–11Ni–N 8 (1) (10) 87 45 1.00 5.2 4.0 3.1 2.4 1.9 1.6 1.3 …TP310H S31009 … 25Cr–20Ni 8 (2) (4) 75 30 1.00 4.0 3.0 2.2 1.7 1.3 0.97 0.75 TP310HTP316H S31609 … 16Cr–12Ni–2Mo 8 … 75 30 1.00 7.4 5.5 4.1 3.1 2.3 1.7 1.3 TP316H
A312 TP321H S32109 … 18Cr–10Ni–Ti 8 (8) 75 30 1.00 5.4 4.1 3.2 2.5 1.9 1.5 1.1 TP321H A312TP321H S32109 … 18Cr–10Ni–Ti 8 (9) 70 25 1.00 4.6 3.5 2.7 2.1 1.6 1.3 0.9 TP321HTP347H S34709 … 18Cr–10Ni–Cb 8 … 75 30 1.00 7.9 5.9 4.4 3.2 2.5 1.8 1.3 TP347HTP348H S34809 … 18Cr–10Ni–Cb 8 … 75 30 1.00 7.9 5.9 4.4 3.2 2.5 1.8 1.3 TP348H
A376 TP304H S30409 … 18Cr–8Ni 8 … 75 30 1.00 6.1 4.7 3.7 2.9 2.3 1.8 1.4 TP304H A376TP316H S31609 … 16Cr–12Ni–2Mo 8 … 75 30 1.00 7.4 5.5 4.1 3.1 2.3 1.7 1.3 TP316HTP321H S32109 … 18Cr–10Ni–Ti 8 … 75 30 1.00 5.4 4.1 3.2 2.5 1.9 1.5 1.1 TP321HTP347H S34709 … 18Cr–10Ni–Cb 8 … 75 30 1.00 7.9 5.9 4.4 3.2 2.5 1.8 1.3 TP347H
B163 … N08800 Annealed Ni–Cr–Fe 45 (1) 75 30 1.00 6.6 4.2 2.0 1.6 1.1 1.0 0.80 … B163… N08810 Annealed Ni–Cr–Fe 45 (1) (10) 65 25 1.00 7.4 5.9 4.7 3.8 3.0 2.4 1.9 …
B167 … N06617 Annealed 52Ni–22Cr–13Co–9Mo 43 (10) 95 35 1.00 15.3 14.5 11.2 8.7 6.6 5.1 3.9 … B167
B407 … N08800 C.D./ann. Ni–Cr–Fe 45 … 75 30 1.00 6.6 4.2 2.0 1.6 1.1 1.0 0.80 … B407… N08810 Annealed Ni–Cr–Fe 45 (10) 65 25 1.00 7.4 5.9 4.7 3.8 3.0 2.4 1.9 …
B622 … R30556 Annealed Ni–Fe–Cr–Co–Mo–W 45 (1) (10) 100 45 1.00 13.6 10.9 8.8 7.0 5.6 4.5 3.6 … B622
Welded Pipe and Tube — Without Filler Metal Welded Pipe and Tube — Without Filler MetalA249 TP304H S30409 … 18Cr–8Ni 8 … 75 35 0.85 5.2 4.0 3.2 2.5 2.0 1.6 1.2 TP304H A249… S30815 … 21Cr–11Ni–N 8 (1) 87 45 0.85 4.4 3.4 2.6 2.0 1.6 1.4 1.1 …TP310H S31009 … 25Cr–20Ni 8 (1) (2) (4) 75 35 0.85 3.4 2.6 1.9 1.4 1.1 0.82 0.64 TP310HTP316H S31609 … 16Cr–12Ni–2Mo 8 … 75 35 0.85 6.3 4.7 3.5 2.6 1.9 1.5 1.1 TP316H
A249 TP321H S32109 … 18Cr–10Ni–Ti 8 … 75 35 0.85 4.6 3.5 2.7 2.1 1.6 1.3 1.0 TP321H A249TP347H S34709 … 18Cr–10Ni–Cb 8 … 75 35 0.85 6.7 5.0 3.7 2.7 2.1 1.6 1.1 TP347HTP348H S34809 … 18Cr–10Ni–Cb 8 … 75 35 0.85 6.7 5.0 3.7 2.7 2.1 1.6 1.1 TP348H
A312 TP304H S30409 … 18Cr–8Ni 8 … 75 30 0.85 5.2 4.0 3.2 2.5 2.0 1.6 1.2 TP304H A312
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Spec.
No.

Type or
Grade

UNS
Alloy
No. Temper Nominal Composition

P-
No. Notes

Specified
Minimum
Tensile,
ksi

Specified
Minimum
Yield,
ksi

E
or
F

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

Type or
Grade

Spec.
No.1,200 1,250 1,300 1,350 1,400 1,450 1,500

Seamless Pipe and Tube Seamless Pipe and TubeA213 TP304H S30409 … 18Cr–8Ni 8 … 75 30 1.00 6.1 4.7 3.7 2.9 2.3 1.8 1.4 TP304H A213… S30815 … 21Cr–11Ni–N 8 (1) (10) 87 45 1.00 5.2 4.0 3.1 2.4 1.9 1.6 1.3 …TP310H S31009 … 25Cr–20Ni 8 (2) (4) 75 30 1.00 4.0 3.0 2.2 1.7 1.3 0.97 0.75 TP310HTP316H S31609 … 16Cr–12Ni–2Mo 8 … 75 30 1.00 7.4 5.5 4.1 3.1 2.3 1.7 1.3 TP316HTP316L S31603 … 16Cr–12Ni–2Mo 8 (1) 70 25 1.00 6.4 4.7 3.5 2.5 1.8 1.3 1.0 TP316L
A213 TP321H S32109 … 18Cr–10Ni–Ti 8 … 75 30 1.00 5.4 4.1 3.2 2.5 1.9 1.5 1.1 TP321H A213TP347H S34709 … 18Cr–10Ni–Cb 8 … 75 30 1.00 7.9 5.9 4.4 3.2 2.5 1.8 1.3 TP347HTP348H S34809 … 18Cr–10Ni–Cb 8 … 75 30 1.00 7.9 5.9 4.4 3.2 2.5 1.8 1.3 TP348H
A312 TP304H S30409 … 18Cr–8Ni 8 … 75 30 1.00 6.1 4.7 3.7 2.9 2.3 1.8 1.4 TP304H A312… S30815 … 21Cr–11Ni–N 8 (1) (10) 87 45 1.00 5.2 4.0 3.1 2.4 1.9 1.6 1.3 …TP310H S31009 … 25Cr–20Ni 8 (2) (4) 75 30 1.00 4.0 3.0 2.2 1.7 1.3 0.97 0.75 TP310HTP316H S31609 … 16Cr–12Ni–2Mo 8 … 75 30 1.00 7.4 5.5 4.1 3.1 2.3 1.7 1.3 TP316H
A312 TP321H S32109 … 18Cr–10Ni–Ti 8 (8) 75 30 1.00 5.4 4.1 3.2 2.5 1.9 1.5 1.1 TP321H A312TP321H S32109 … 18Cr–10Ni–Ti 8 (9) 70 25 1.00 4.6 3.5 2.7 2.1 1.6 1.3 0.9 TP321HTP347H S34709 … 18Cr–10Ni–Cb 8 … 75 30 1.00 7.9 5.9 4.4 3.2 2.5 1.8 1.3 TP347HTP348H S34809 … 18Cr–10Ni–Cb 8 … 75 30 1.00 7.9 5.9 4.4 3.2 2.5 1.8 1.3 TP348H
A376 TP304H S30409 … 18Cr–8Ni 8 … 75 30 1.00 6.1 4.7 3.7 2.9 2.3 1.8 1.4 TP304H A376TP316H S31609 … 16Cr–12Ni–2Mo 8 … 75 30 1.00 7.4 5.5 4.1 3.1 2.3 1.7 1.3 TP316HTP321H S32109 … 18Cr–10Ni–Ti 8 … 75 30 1.00 5.4 4.1 3.2 2.5 1.9 1.5 1.1 TP321HTP347H S34709 … 18Cr–10Ni–Cb 8 … 75 30 1.00 7.9 5.9 4.4 3.2 2.5 1.8 1.3 TP347H
B163 … N08800 Annealed Ni–Cr–Fe 45 (1) 75 30 1.00 6.6 4.2 2.0 1.6 1.1 1.0 0.80 … B163… N08810 Annealed Ni–Cr–Fe 45 (1) (10) 65 25 1.00 7.4 5.9 4.7 3.8 3.0 2.4 1.9 …
B167 … N06617 Annealed 52Ni–22Cr–13Co–9Mo 43 (10) 95 35 1.00 15.3 14.5 11.2 8.7 6.6 5.1 3.9 … B167
B407 … N08800 C.D./ann. Ni–Cr–Fe 45 … 75 30 1.00 6.6 4.2 2.0 1.6 1.1 1.0 0.80 … B407… N08810 Annealed Ni–Cr–Fe 45 (10) 65 25 1.00 7.4 5.9 4.7 3.8 3.0 2.4 1.9 …
B622 … R30556 Annealed Ni–Fe–Cr–Co–Mo–W 45 (1) (10) 100 45 1.00 13.6 10.9 8.8 7.0 5.6 4.5 3.6 … B622
Welded Pipe and Tube — Without Filler Metal Welded Pipe and Tube — Without Filler MetalA249 TP304H S30409 … 18Cr–8Ni 8 … 75 35 0.85 5.2 4.0 3.2 2.5 2.0 1.6 1.2 TP304H A249… S30815 … 21Cr–11Ni–N 8 (1) 87 45 0.85 4.4 3.4 2.6 2.0 1.6 1.4 1.1 …TP310H S31009 … 25Cr–20Ni 8 (1) (2) (4) 75 35 0.85 3.4 2.6 1.9 1.4 1.1 0.82 0.64 TP310HTP316H S31609 … 16Cr–12Ni–2Mo 8 … 75 35 0.85 6.3 4.7 3.5 2.6 1.9 1.5 1.1 TP316H
A249 TP321H S32109 … 18Cr–10Ni–Ti 8 … 75 35 0.85 4.6 3.5 2.7 2.1 1.6 1.3 1.0 TP321H A249TP347H S34709 … 18Cr–10Ni–Cb 8 … 75 35 0.85 6.7 5.0 3.7 2.7 2.1 1.6 1.1 TP347HTP348H S34809 … 18Cr–10Ni–Cb 8 … 75 35 0.85 6.7 5.0 3.7 2.7 2.1 1.6 1.1 TP348H
A312 TP304H S30409 … 18Cr–8Ni 8 … 75 30 0.85 5.2 4.0 3.2 2.5 2.0 1.6 1.2 TP304H A312
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Spec.
No.

Type or
Grade

UNS
Alloy
No. Temper Nominal Composition

P-
No. Notes

Specified
Minimum
Tensile,
ksi

Specified
Minimum
Yield,
ksi

E
or
F

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

Type or
Grade

Spec.
No.1,200 1,250 1,300 1,350 1,400 1,450 1,500

Welded Pipe and Tube — Without Filler Metal   (Cont’d) Welded Pipe and Tube — Without Filler Metal (Cont’d)… S30815 … 21Cr–11Ni–N 8 (1) 87 45 0.85 4.4 3.4 2.6 2.0 1.6 1.4 1.1 …TP310H S31009 … 25Cr–20Ni 8 (2) (4) 75 30 0.85 3.4 2.6 1.9 1.4 1.1 0.82 0.64 TP310HTP316H S31609 … 16Cr–12Ni–2Mo 8 … 75 30 0.85 6.3 4.7 3.5 2.6 1.9 1.5 1.1 TP316H
A312 TP321H S32109 … 18Cr–10Ni–Ti 8 … 75 30 0.85 4.6 3.5 2.7 2.1 1.6 1.3 1.0 TP321H A312TP347H S32709 … 18Cr–10Ni–Cb 8 … 75 30 0.85 6.7 5.0 3.7 2.7 2.1 1.6 1.1 TP347H
A409 … S30815 … 21Cr–11Ni–N 8 (1) 87 45 0.85 4.4 3.4 2.6 2.0 1.6 1.4 1.1 … A409
B619 … R30556 Annealed Ni–Fe–Cr–Co–Mo–W 45 (1) (10) 100 45 0.85 11.6 9.3 7.5 6.0 4.8 3.8 3.1 … B619B626 … R30556 Annealed Ni–Fe–Cr–Co–Mo–W 45 (1) (10) 100 45 0.85 11.6 9.3 7.5 6.0 4.8 3.8 3.1 … B626
Welded Pipe and Tube — Filler Metal Added Welded Pipe and Tube — Filler Metal AddedA358 1 & 3 S30815 … 21Cr–11Ni–N 8 (1) 87 45 1.00 5.2 4.0 3.1 2.4 1.9 1.6 1.3 1 & 3 A3582 S30815 … 21Cr–11Ni–N 8 (1) 87 45 0.90 4.7 3.6 2.8 2.2 1.7 1.4 1.2 2
A409 … S30815 … 21Cr–11Ni–N 8 (1) 87 45 0.80 4.2 3.2 2.5 1.9 1.5 1.3 1.0 … A409
B546 … N06617 Annealed 52Ni–22Cr–13Co–9Mo 43 … 95 35 0.85 13.0 12.3 9.5 7.4 5.6 4.3 3.3 … B546
Plate PlateA240 304 S30400 … 18Cr–8Ni 8 (2) (3) 75 30 1.00 6.1 4.7 3.7 2.9 2.3 1.8 1.4 304 A240… S30815 … 21Cr–11Ni–N 8 (1) (10) 87 45 1.00 5.2 4.0 3.1 2.4 1.9 1.6 1.3 …310S S31008 … 25Cr–20Ni 8 (2) (3) (4) 75 30 1.00 2.5 1.5 0.80 0.50 0.40 0.30 0.20 310S316 S31600 … 16Cr–12Ni–2Mo 8 (2) (3) 75 30 1.00 7.4 5.5 4.1 3.1 2.3 1.7 1.3 316316L S31603 … 16Cr–12Ni–2Mo 8 (1) 70 25 1.00 6.4 4.7 3.5 2.5 1.8 1.3 1.0 316L
A240 321 S32100 … 18Cr–10Ni–Ti 8 (2) (3) 75 30 1.00 3.6 2.6 1.7 1.1 0.80 0.50 0.30 321 A240347 S34700 … 18Cr–10Ni–Cb 8 (2) (3) 75 30 1.00 4.4 3.3 2.2 1.5 1.2 0.90 0.80 347348 S34800 … 18Cr–10Ni–Cb 8 (1) (2) (3) 75 30 1.00 4.4 3.3 2.2 1.5 1.2 0.90 0.80 348
B168 … N06617 Annealed 52Ni–22Cr–13Co–9Mo 43 … 95 35 1.00 15.3 14.5 11.2 8.7 6.6 5.1 3.9 … B168
B409 … N08800 Annealed Ni–Cr–Fe 45 (3) 75 30 1.00 6.6 4.2 2.0 1.6 1.1 1.0 0.80 … B409… N08810 Annealed Ni–Cr–Fe 45 (3) 65 25 1.00 7.4 5.9 4.7 3.8 3.0 2.4 1.9 …
Plate, Sheet, and Strip Plate, Sheet, and StripB435 … R30556 Annealed Ni–Fe–Cr–Co–Mo–W 45 (1) (10) 100 45 1.00 13.6 10.9 8.8 7.0 5.6 4.5 3.6 … B435
Bars, Rods, and Shapes Bars, Rods, and ShapesA479 … S30815 … 21Cr–11Ni–N 8 (1) (10) 87 45 1.00 5.2 4.0 3.1 2.4 1.9 1.6 1.3 … A479TP316L S31603 … 16Cr–12Ni–2Mo 8 (1) (5) 70 25 1.00 6.4 4.7 3.5 2.5 1.8 1.3 1.0 TP316L
B166 … N06617 Annealed 52Ni–22Cr–13Co–9Mo 43 (10) 95 36 1.00 15.3 14.5 11.2 8.7 6.6 5.1 3.9 … B166
B408 … N08800 Annealed Ni–Cr–Fe 45 … 75 30 1.00 6.6 4.2 2.0 1.6 1.1 1.0 0.80 … B408
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Spec.
No.

Type or
Grade

UNS
Alloy
No. Temper Nominal Composition

P-
No. Notes

Specified
Minimum
Tensile,
ksi

Specified
Minimum
Yield,
ksi

E
or
F

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

Type or
Grade

Spec.
No.1,200 1,250 1,300 1,350 1,400 1,450 1,500

Welded Pipe and Tube — Without Filler Metal Welded Pipe and Tube — Without Filler Metal (Cont’d)… S30815 … 21Cr–11Ni–N 8 (1) 87 45 0.85 4.4 3.4 2.6 2.0 1.6 1.4 1.1 …TP310H S31009 … 25Cr–20Ni 8 (2) (4) 75 30 0.85 3.4 2.6 1.9 1.4 1.1 0.82 0.64 TP310HTP316H S31609 … 16Cr–12Ni–2Mo 8 … 75 30 0.85 6.3 4.7 3.5 2.6 1.9 1.5 1.1 TP316H
A312 TP321H S32109 … 18Cr–10Ni–Ti 8 … 75 30 0.85 4.6 3.5 2.7 2.1 1.6 1.3 1.0 TP321H A312TP347H S32709 … 18Cr–10Ni–Cb 8 … 75 30 0.85 6.7 5.0 3.7 2.7 2.1 1.6 1.1 TP347H
A409 … S30815 … 21Cr–11Ni–N 8 (1) 87 45 0.85 4.4 3.4 2.6 2.0 1.6 1.4 1.1 … A409
B619 … R30556 Annealed Ni–Fe–Cr–Co–Mo–W 45 (1) (10) 100 45 0.85 11.6 9.3 7.5 6.0 4.8 3.8 3.1 … B619B626 … R30556 Annealed Ni–Fe–Cr–Co–Mo–W 45 (1) (10) 100 45 0.85 11.6 9.3 7.5 6.0 4.8 3.8 3.1 … B626
Welded Pipe and Tube — Filler Metal Added Welded Pipe and Tube — Filler Metal AddedA358 1 & 3 S30815 … 21Cr–11Ni–N 8 (1) 87 45 1.00 5.2 4.0 3.1 2.4 1.9 1.6 1.3 1 & 3 A3582 S30815 … 21Cr–11Ni–N 8 (1) 87 45 0.90 4.7 3.6 2.8 2.2 1.7 1.4 1.2 2
A409 … S30815 … 21Cr–11Ni–N 8 (1) 87 45 0.80 4.2 3.2 2.5 1.9 1.5 1.3 1.0 … A409
B546 … N06617 Annealed 52Ni–22Cr–13Co–9Mo 43 … 95 35 0.85 13.0 12.3 9.5 7.4 5.6 4.3 3.3 … B546
Plate PlateA240 304 S30400 … 18Cr–8Ni 8 (2) (3) 75 30 1.00 6.1 4.7 3.7 2.9 2.3 1.8 1.4 304 A240… S30815 … 21Cr–11Ni–N 8 (1) (10) 87 45 1.00 5.2 4.0 3.1 2.4 1.9 1.6 1.3 …310S S31008 … 25Cr–20Ni 8 (2) (3) (4) 75 30 1.00 2.5 1.5 0.80 0.50 0.40 0.30 0.20 310S316 S31600 … 16Cr–12Ni–2Mo 8 (2) (3) 75 30 1.00 7.4 5.5 4.1 3.1 2.3 1.7 1.3 316316L S31603 … 16Cr–12Ni–2Mo 8 (1) 70 25 1.00 6.4 4.7 3.5 2.5 1.8 1.3 1.0 316L
A240 321 S32100 … 18Cr–10Ni–Ti 8 (2) (3) 75 30 1.00 3.6 2.6 1.7 1.1 0.80 0.50 0.30 321 A240347 S34700 … 18Cr–10Ni–Cb 8 (2) (3) 75 30 1.00 4.4 3.3 2.2 1.5 1.2 0.90 0.80 347348 S34800 … 18Cr–10Ni–Cb 8 (1) (2) (3) 75 30 1.00 4.4 3.3 2.2 1.5 1.2 0.90 0.80 348
B168 … N06617 Annealed 52Ni–22Cr–13Co–9Mo 43 … 95 35 1.00 15.3 14.5 11.2 8.7 6.6 5.1 3.9 … B168
B409 … N08800 Annealed Ni–Cr–Fe 45 (3) 75 30 1.00 6.6 4.2 2.0 1.6 1.1 1.0 0.80 … B409… N08810 Annealed Ni–Cr–Fe 45 (3) 65 25 1.00 7.4 5.9 4.7 3.8 3.0 2.4 1.9 …
Plate, Sheet, and Strip Plate, Sheet, and StripB435 … R30556 Annealed Ni–Fe–Cr–Co–Mo–W 45 (1) (10) 100 45 1.00 13.6 10.9 8.8 7.0 5.6 4.5 3.6 … B435
Bars, Rods, and Shapes Bars, Rods, and ShapesA479 … S30815 … 21Cr–11Ni–N 8 (1) (10) 87 45 1.00 5.2 4.0 3.1 2.4 1.9 1.6 1.3 … A479TP316L S31603 … 16Cr–12Ni–2Mo 8 (1) (5) 70 25 1.00 6.4 4.7 3.5 2.5 1.8 1.3 1.0 TP316L
B166 … N06617 Annealed 52Ni–22Cr–13Co–9Mo 43 (10) 95 36 1.00 15.3 14.5 11.2 8.7 6.6 5.1 3.9 … B166
B408 … N08800 Annealed Ni–Cr–Fe 45 … 75 30 1.00 6.6 4.2 2.0 1.6 1.1 1.0 0.80 … B408
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Spec.
No.

Type or
Grade

UNS
Alloy
No. Temper Nominal Composition

P-
No. Notes

Specified
Minimum
Tensile,
ksi

Specified
Minimum
Yield,
ksi

E
or
F

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

Type or
Grade

Spec.
No.1,200 1,250 1,300 1,350 1,400 1,450 1,500

Bars, Rods, and Shapes (Cont’d)Bars, Rods, and Shapes   (Cont’d) N08810 Annealed Ni–Cr–Fe 45 (10) 65 25 1.00 7.4 5.9 4.7 3.8 3.0 2.4 1.9 …
B572 … R30556 Annealed Ni–Fe–Cr–Co–Mo–W 45 (1) (10) 100 45 1.00 13.6 10.9 8.8 7.0 5.6 4.5 3.6 … B572
Forgings ForgingsA182 F304H S30409 … 18Cr–8Ni 8 … 75 30 1.00 6.1 4.7 3.7 2.9 2.3 1.8 1.4 F304H A182… S30815 … 21Cr–11Ni–N 8 (1) (10) 87 45 1.00 5.2 4.0 3.1 2.4 1.9 1.6 1.3 …F310H S31009 … 25Cr–20Ni 8 (1) (2) (4) 75 30 1.00 4.0 3.0 2.2 1.7 1.3 0.97 0.75 F310HF316H S31609 … 16Cr–12Ni–2Mo 8 … 75 30 1.00 7.4 5.5 4.1 3.1 2.3 1.7 1.3 F316HF316L S31603 … 16Cr–12Ni–2Mo 8 (1) 70 25 1.00 6.4 4.7 3.5 2.5 1.8 1.3 1.0 F316L
A182 F321H S32109 … 18Cr–10Ni–Ti 8 … 75 30 1.00 5.4 4.1 3.2 2.5 1.9 1.5 1.1 F321H A182F347H S34709 … 18Cr–10Ni–Cb 8 … 75 30 1.00 7.9 5.9 4.4 3.2 2.5 1.8 1.3 F347HF348H S34809 … 18Cr–10Ni–Cb 8 … 75 30 1.00 7.9 5.9 4.4 3.2 2.5 1.8 1.3 F348H
B564 … N06617 Annealed 52Ni–22Cr–13Co–9Mo 43 (10) 95 35 1.00 15.3 14.5 11.2 8.7 6.6 5.1 3.9 … B564… N08800 Annealed Ni–Cr–Fe 45 … 75 30 1.00 6.6 4.2 2.0 1.6 1.1 1.0 0.80 …… N08810 Annealed Ni–Cr–Fe 45 (10) 65 25 1.00 7.4 5.9 4.7 3.8 3.0 2.4 1.9 …
Fittings (Seamless and Welded) Fittings (Seamless and Welded)A403 WP304H S30409 … 18Cr–8Ni 8 (1) 75 30 1.00 6.1 4.7 3.7 2.9 2.3 1.8 1.4 WP304H A403WP316H S31609 … 16Cr–12Ni–2Mo 8 (1) 75 30 1.00 7.4 5.5 4.1 3.1 2.3 1.7 1.3 WP316HWP316L S31603 … 16Cr–12Ni–2Mo 8 (1) 70 25 1.00 6.4 4.7 3.5 2.5 1.8 1.3 1.0 WP316LWP321H S32109 … 18Cr–10Ni–Ti 8 (1) 75 30 1.00 5.4 4.1 3.2 2.5 1.9 1.5 1.1 WP321HWP347H S34709 … 18Cr–10Ni–Cb 8 (1) 75 30 1.00 7.9 5.9 4.4 3.2 2.5 1.8 1.3 WP347HWP348H S34809 … 18Cr–10Ni–Cb 8 (1) 75 30 1.00 7.9 5.9 4.4 3.2 2.5 1.8 1.3 WP348H
B366 … R30556 Annealed Ni–Fe–Cr–Co–Mo–W 45 (1) (6) (10) 100 45 1.00 13.6 10.9 8.8 7.0 5.6 4.5 3.6 … B366… R30556 Annealed Ni–Fe–Cr–Co–Mo–W 45 (1) (7) (10) 100 45 0.85 11.6 9.3 7.5 6.0 4.8 3.8 3.1 …
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Spec.
No.

Type or
Grade

UNS
Alloy
No. Temper Nominal Composition

P-
No. Notes

Specified
Minimum
Tensile,
ksi

Specified
Minimum
Yield,
ksi

E
or
F

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

Type or
Grade

Spec.
No.1,200 1,250 1,300 1,350 1,400 1,450 1,500

Bars, Rods, and Shapes Bars, Rods, and Shapes (Cont’d)… N08810 Annealed Ni–Cr–Fe 45 (10) 65 25 1.00 7.4 5.9 4.7 3.8 3.0 2.4 1.9 …
B572 … R30556 Annealed Ni–Fe–Cr–Co–Mo–W 45 (1) (10) 100 45 1.00 13.6 10.9 8.8 7.0 5.6 4.5 3.6 … B572
Forgings ForgingsA182 F304H S30409 … 18Cr–8Ni 8 … 75 30 1.00 6.1 4.7 3.7 2.9 2.3 1.8 1.4 F304H A182… S30815 … 21Cr–11Ni–N 8 (1) (10) 87 45 1.00 5.2 4.0 3.1 2.4 1.9 1.6 1.3 …F310H S31009 … 25Cr–20Ni 8 (1) (2) (4) 75 30 1.00 4.0 3.0 2.2 1.7 1.3 0.97 0.75 F310HF316H S31609 … 16Cr–12Ni–2Mo 8 … 75 30 1.00 7.4 5.5 4.1 3.1 2.3 1.7 1.3 F316HF316L S31603 … 16Cr–12Ni–2Mo 8 (1) 70 25 1.00 6.4 4.7 3.5 2.5 1.8 1.3 1.0 F316L
A182 F321H S32109 … 18Cr–10Ni–Ti 8 … 75 30 1.00 5.4 4.1 3.2 2.5 1.9 1.5 1.1 F321H A182F347H S34709 … 18Cr–10Ni–Cb 8 … 75 30 1.00 7.9 5.9 4.4 3.2 2.5 1.8 1.3 F347HF348H S34809 … 18Cr–10Ni–Cb 8 … 75 30 1.00 7.9 5.9 4.4 3.2 2.5 1.8 1.3 F348H
B564 … N06617 Annealed 52Ni–22Cr–13Co–9Mo 43 (10) 95 35 1.00 15.3 14.5 11.2 8.7 6.6 5.1 3.9 … B564… N08800 Annealed Ni–Cr–Fe 45 … 75 30 1.00 6.6 4.2 2.0 1.6 1.1 1.0 0.80 …… N08810 Annealed Ni–Cr–Fe 45 (10) 65 25 1.00 7.4 5.9 4.7 3.8 3.0 2.4 1.9 …
Fittings (Seamless and Welded) Fittings (Seamless and Welded)A403 WP304H S30409 … 18Cr–8Ni 8 (1) 75 30 1.00 6.1 4.7 3.7 2.9 2.3 1.8 1.4 WP304H A403WP316H S31609 … 16Cr–12Ni–2Mo 8 (1) 75 30 1.00 7.4 5.5 4.1 3.1 2.3 1.7 1.3 WP316HWP316L S31603 … 16Cr–12Ni–2Mo 8 (1) 70 25 1.00 6.4 4.7 3.5 2.5 1.8 1.3 1.0 WP316LWP321H S32109 … 18Cr–10Ni–Ti 8 (1) 75 30 1.00 5.4 4.1 3.2 2.5 1.9 1.5 1.1 WP321HWP347H S34709 … 18Cr–10Ni–Cb 8 (1) 75 30 1.00 7.9 5.9 4.4 3.2 2.5 1.8 1.3 WP347HWP348H S34809 … 18Cr–10Ni–Cb 8 (1) 75 30 1.00 7.9 5.9 4.4 3.2 2.5 1.8 1.3 WP348H
B366 … R30556 Annealed Ni–Fe–Cr–Co–Mo–W 45 (1) (6) (10) 100 45 1.00 13.6 10.9 8.8 7.0 5.6 4.5 3.6 … B366… R30556 Annealed Ni–Fe–Cr–Co–Mo–W 45 (1) (7) (10) 100 45 0.85 11.6 9.3 7.5 6.0 4.8 3.8 3.1 …
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Table A-8 Temperatures 1,200°F and Above (Cont’d)GENERAL NOTES:(a) The tabulated specifications are ANSI/ASTM or ASTM. For ASME BPVC applications, see related specifications in ASME BPVC, Section II.(b) The stress values in this Table may be interpolated to determine values for intermediate temperatures.(c) The P-Numbers listed in this Table are identical to those adopted by ASME BPVC. Qualification of welding procedures, welders, and weldingoperators is required and shall comply with ASME BPVC, Section IX, except as modified by para. 127.5.(d) Tensile strengths and allowable stresses shown in “ksi” are “thousands of pounds per square inch.”(e) The materials listed in this Table shall not be used at design temperatures above those for which allowable stress values are given.(f) The tabulated stress values are S × E (weld joint efficiency factor) or S × F (material quality factor), as applicable.Weld joint efficiency factorsare shown in Table 102.4.3-1.(g) Pressure–temperature ratingsof piping components, as published in standards referenced in this Code,maybeused for componentsmeetingthe requirements of those standards. The allowable stress values given in this Table are for use in designing piping components that are notmanufactured in accordance with referenced standards.(h) All the materials listed are classified as austenitic (see Table 104.1.2-1).(i) The tabulated stress values that are shown in italics are at temperatures in the range where creep and stress rupture strength govern theselection of stresses.NOTES:(1) THIS MATERIAL IS NOT ACCEPTABLE FOR USE ON BOILER EXTERNAL PIPING — SEE FIGURES 100.1.2-1 THROUGH 100.1.2-8.(2) These allowable stress values shall be used only if the carbon content of the material is 0.04% or higher.(3) The allowable stress values tabulated shall be used only if thematerial is heat treated by heating to aminimum temperature of 1,900°F andquenching in water or rapid cooling by other means.(4) These allowable stress values shall be used only when the grain size of the material is ASTM No. 6 or coarser.(5) These allowable stress values shall be used only when Supplementary Requirement S1 per ASTM A479 has been specified.(6) Seamless.(7) Welded — all filler metal, including consumable insert material, shall comply with the requirements of ASME BPVC, Section IX.(8) These allowable stress values apply to seamless pipe ≤3∕8 in. wall thickness.(9) These allowable stress values apply to seamless pipe >3∕8 in. wall thickness.(10) Creep-fatigue, thermal ratcheting, and environmental effects are increasingly significant failuremodes at temperatures in excess of 1,500°Fand shall be considered in the design.
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Spec.
No. Grade Condition

Nominal
Composition

P-
No. Notes

Specified
Minimum
Tensile,
ksi

Specified
Minimum
Yield,
ksi

E
or F

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

Grade
Spec.
No.100 150 200 250 300 350 400 450 500 550 600

Seamless Pipe and Tube Seamless Pipe and TubeB338 1 Annealed Ti 51 (1) 35 25 1.00 10.0 9.3 8.3 7.4 6.6 6.0 5.5 5.1 4.7 4.2 3.6 1 B3382 Annealed Ti 51 (1) 50 40 1.00 14.3 13.7 12.4 11.3 10.3 9.5 8.8 8.2 7.6 7.0 6.5 23 Annealed Ti 52 (1) 65 55 1.00 18.6 17.5 15.8 14.2 12.8 11.5 10.3 9.3 8.5 7.9 7.4 37 Annealed Ti–Pd 51 (1) 50 40 1.00 14.3 13.7 12.4 11.3 10.3 9.5 8.8 8.2 7.6 7.0 6.5 712 Annealed Ti–Mo–Ni 52 (1) 70 50 1.00 20.0 20.0 18.7 17.4 16.2 15.2 14.3 13.6 13.1 12.7 12.3 12B861 1 Annealed Ti 51 (1) 35 25 1.00 10.0 9.3 8.3 7.4 6.6 6.0 5.5 5.1 4.7 4.2 3.6 1 B8612 Annealed Ti 51 (1) 50 40 1.00 14.3 13.7 12.4 11.3 10.3 9.5 8.8 8.2 7.6 7.0 6.5 23 Annealed Ti 52 (1) 65 55 1.00 18.6 17.5 15.8 14.2 12.8 11.5 10.3 9.3 8.5 7.9 7.4 37 Annealed Ti–Pd 51 (1) 50 40 1.00 14.3 13.7 12.4 11.3 10.3 9.5 8.8 8.2 7.6 7.0 6.5 712 Annealed Ti–Mo–Ni 52 (1) 70 50 1.00 20.0 20.0 18.7 17.4 16.2 15.2 14.3 13.6 13.1 12.7 12.3 12
Welded Pipe and Tube Welded Pipe and TubeB338 1 Annealed Ti 51 (1) (2) 35 25 0.85 8.5 7.9 7.0 6.3 5.6 5.1 4.7 4.3 4.0 3.6 3.0 1 B3382 Annealed Ti 51 (1) (2) 50 40 0.85 12.1 11.6 10.6 9.6 8.8 8.1 7.5 7.0 6.5 6.0 5.5 23 Annealed Ti 52 (1) (2) 65 55 0.85 15.8 14.9 13.4 12.1 10.8 9.7 8.8 7.9 7.2 6.7 6.3 37 Annealed Ti–Pd 51 (1) (2) 50 40 0.85 12.1 11.6 10.6 9.6 8.8 8.1 7.5 7.0 6.5 6.0 5.5 712 Annealed Ti–Mo–Ni 52 (1) (2) 70 50 0.85 17.0 17.0 15.9 14.8 13.8 12.9 12.1 11.5 11.1 10.8 10.5 12B862 1 Annealed Ti 51 (1) (2) 35 25 0.85 8.5 7.9 7.0 6.3 5.6 5.1 4.7 4.3 4.0 3.6 3.0 1 B8622 Annealed Ti 51 (1) (2) 50 40 0.85 12.1 11.6 10.6 9.6 8.8 8.1 7.5 7.0 6.5 6.0 5.5 23 Annealed Ti 52 (1) (2) 65 55 0.85 15.8 14.9 13.4 12.1 10.8 9.7 8.8 7.9 7.2 6.7 6.3 37 Annealed Ti–Pd 51 (1) (2) 50 40 0.85 12.1 11.6 10.6 9.6 8.8 8.1 7.5 7.0 6.5 6.0 5.5 712 Annealed Ti–Mo–Ni 52 (1) (2) 70 50 0.85 17.0 17.0 15.9 14.8 13.8 12.9 12.1 11.5 11.1 10.8 10.5 12
Plate, Sheet, and Strip Plate, Sheet, and StripB265 1 Annealed Ti 51 (1) 35 25 1.00 10.0 9.3 8.3 7.4 6.6 6.0 5.5 5.1 4.7 4.2 3.6 1 B2652 Annealed Ti 51 (1) 50 40 1.00 14.3 13.7 12.4 11.3 10.3 9.5 8.8 8.2 7.6 7.0 6.5 23 Annealed Ti 52 (1) 65 55 1.00 18.6 17.5 15.8 14.2 12.8 11.5 10.3 9.3 8.5 7.9 7.4 37 Annealed Ti–Pd 51 (1) 50 40 1.00 14.3 13.7 12.4 11.3 10.3 9.5 8.8 8.2 7.6 7.0 6.5 712 Annealed Ti–Mo–Ni 52 (1) 70 50 1.00 20.0 20.0 18.7 17.4 16.2 15.2 14.3 13.6 13.1 12.7 12.3 12
Forgings ForgingsB381 F1 Annealed Ti 51 (1) 35 25 1.00 10.0 9.3 8.3 7.4 6.6 6.0 5.5 5.1 4.7 4.2 3.6 F1 B381F2 Annealed Ti 51 (1) 50 40 1.00 14.3 13.7 12.4 11.3 10.3 9.5 8.8 8.2 7.6 7.0 6.5 F2F3 Annealed Ti 52 (1) 65 55 1.00 18.6 17.5 15.8 14.2 12.8 11.5 10.3 9.3 8.5 7.9 7.4 F3F7 Annealed Ti–Pd 51 (1) 50 40 1.00 14.3 13.7 12.4 11.3 10.3 9.5 8.8 8.2 7.6 7.0 6.5 F7F12 Annealed Ti–Mo–Ni 52 (1) 70 50 1.00 20.0 20.0 18.7 17.4 16.2 15.2 14.3 13.6 13.1 12.7 12.3 F12
Bars and Billets Bars and BilletsB348 1 Annealed Ti 51 (1) 35 25 1.00 10.0 9.3 8.3 7.4 6.6 6.0 5.5 5.1 4.7 4.2 3.6 1 B3482 Annealed Ti 51 (1) 50 40 1.00 14.3 13.7 12.4 11.3 10.3 9.5 8.8 8.2 7.6 7.0 6.5 23 Annealed Ti 52 (1) 65 55 1.00 18.6 17.5 15.8 14.2 12.8 11.5 10.3 9.3 8.5 7.9 7.4 37 Annealed Ti–Pd 51 (1) 50 40 1.00 14.3 13.7 12.4 11.3 10.3 9.5 8.8 8.2 7.6 7.0 6.5 712 Annealed Ti–Mo–Ni 52 (1) 70 50 1.00 20.0 20.0 18.7 17.4 16.2 15.2 14.3 13.6 13.1 12.7 12.3 12
Castings CastingsB367 C-2 As-cast Ti 50 (1) (3) 50 40 0.80 11.4 10.5 10.0 9.0 8.3 7.6 … … … … … C-2 B367
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Spec.
No. Grade Condition

Nominal
Composition

P-
No. Notes

Specified
Minimum
Tensile,
ksi

Specified
Minimum
Yield,
ksi

E
or F

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

Grade
Spec.
No.100 150 200 250 300 350 400 450 500 550 600

Seamless Pipe and Tube Seamless Pipe and TubeB338 1 Annealed Ti 51 (1) 35 25 1.00 10.0 9.3 8.3 7.4 6.6 6.0 5.5 5.1 4.7 4.2 3.6 1 B3382 Annealed Ti 51 (1) 50 40 1.00 14.3 13.7 12.4 11.3 10.3 9.5 8.8 8.2 7.6 7.0 6.5 23 Annealed Ti 52 (1) 65 55 1.00 18.6 17.5 15.8 14.2 12.8 11.5 10.3 9.3 8.5 7.9 7.4 37 Annealed Ti–Pd 51 (1) 50 40 1.00 14.3 13.7 12.4 11.3 10.3 9.5 8.8 8.2 7.6 7.0 6.5 712 Annealed Ti–Mo–Ni 52 (1) 70 50 1.00 20.0 20.0 18.7 17.4 16.2 15.2 14.3 13.6 13.1 12.7 12.3 12B861 1 Annealed Ti 51 (1) 35 25 1.00 10.0 9.3 8.3 7.4 6.6 6.0 5.5 5.1 4.7 4.2 3.6 1 B8612 Annealed Ti 51 (1) 50 40 1.00 14.3 13.7 12.4 11.3 10.3 9.5 8.8 8.2 7.6 7.0 6.5 23 Annealed Ti 52 (1) 65 55 1.00 18.6 17.5 15.8 14.2 12.8 11.5 10.3 9.3 8.5 7.9 7.4 37 Annealed Ti–Pd 51 (1) 50 40 1.00 14.3 13.7 12.4 11.3 10.3 9.5 8.8 8.2 7.6 7.0 6.5 712 Annealed Ti–Mo–Ni 52 (1) 70 50 1.00 20.0 20.0 18.7 17.4 16.2 15.2 14.3 13.6 13.1 12.7 12.3 12
Welded Pipe and Tube Welded Pipe and TubeB338 1 Annealed Ti 51 (1) (2) 35 25 0.85 8.5 7.9 7.0 6.3 5.6 5.1 4.7 4.3 4.0 3.6 3.0 1 B3382 Annealed Ti 51 (1) (2) 50 40 0.85 12.1 11.6 10.6 9.6 8.8 8.1 7.5 7.0 6.5 6.0 5.5 23 Annealed Ti 52 (1) (2) 65 55 0.85 15.8 14.9 13.4 12.1 10.8 9.7 8.8 7.9 7.2 6.7 6.3 37 Annealed Ti–Pd 51 (1) (2) 50 40 0.85 12.1 11.6 10.6 9.6 8.8 8.1 7.5 7.0 6.5 6.0 5.5 712 Annealed Ti–Mo–Ni 52 (1) (2) 70 50 0.85 17.0 17.0 15.9 14.8 13.8 12.9 12.1 11.5 11.1 10.8 10.5 12B862 1 Annealed Ti 51 (1) (2) 35 25 0.85 8.5 7.9 7.0 6.3 5.6 5.1 4.7 4.3 4.0 3.6 3.0 1 B8622 Annealed Ti 51 (1) (2) 50 40 0.85 12.1 11.6 10.6 9.6 8.8 8.1 7.5 7.0 6.5 6.0 5.5 23 Annealed Ti 52 (1) (2) 65 55 0.85 15.8 14.9 13.4 12.1 10.8 9.7 8.8 7.9 7.2 6.7 6.3 37 Annealed Ti–Pd 51 (1) (2) 50 40 0.85 12.1 11.6 10.6 9.6 8.8 8.1 7.5 7.0 6.5 6.0 5.5 712 Annealed Ti–Mo–Ni 52 (1) (2) 70 50 0.85 17.0 17.0 15.9 14.8 13.8 12.9 12.1 11.5 11.1 10.8 10.5 12
Plate, Sheet, and Strip Plate, Sheet, and StripB265 1 Annealed Ti 51 (1) 35 25 1.00 10.0 9.3 8.3 7.4 6.6 6.0 5.5 5.1 4.7 4.2 3.6 1 B2652 Annealed Ti 51 (1) 50 40 1.00 14.3 13.7 12.4 11.3 10.3 9.5 8.8 8.2 7.6 7.0 6.5 23 Annealed Ti 52 (1) 65 55 1.00 18.6 17.5 15.8 14.2 12.8 11.5 10.3 9.3 8.5 7.9 7.4 37 Annealed Ti–Pd 51 (1) 50 40 1.00 14.3 13.7 12.4 11.3 10.3 9.5 8.8 8.2 7.6 7.0 6.5 712 Annealed Ti–Mo–Ni 52 (1) 70 50 1.00 20.0 20.0 18.7 17.4 16.2 15.2 14.3 13.6 13.1 12.7 12.3 12
Forgings ForgingsB381 F1 Annealed Ti 51 (1) 35 25 1.00 10.0 9.3 8.3 7.4 6.6 6.0 5.5 5.1 4.7 4.2 3.6 F1 B381F2 Annealed Ti 51 (1) 50 40 1.00 14.3 13.7 12.4 11.3 10.3 9.5 8.8 8.2 7.6 7.0 6.5 F2F3 Annealed Ti 52 (1) 65 55 1.00 18.6 17.5 15.8 14.2 12.8 11.5 10.3 9.3 8.5 7.9 7.4 F3F7 Annealed Ti–Pd 51 (1) 50 40 1.00 14.3 13.7 12.4 11.3 10.3 9.5 8.8 8.2 7.6 7.0 6.5 F7F12 Annealed Ti–Mo–Ni 52 (1) 70 50 1.00 20.0 20.0 18.7 17.4 16.2 15.2 14.3 13.6 13.1 12.7 12.3 F12
Bars and Billets Bars and BilletsB348 1 Annealed Ti 51 (1) 35 25 1.00 10.0 9.3 8.3 7.4 6.6 6.0 5.5 5.1 4.7 4.2 3.6 1 B3482 Annealed Ti 51 (1) 50 40 1.00 14.3 13.7 12.4 11.3 10.3 9.5 8.8 8.2 7.6 7.0 6.5 23 Annealed Ti 52 (1) 65 55 1.00 18.6 17.5 15.8 14.2 12.8 11.5 10.3 9.3 8.5 7.9 7.4 37 Annealed Ti–Pd 51 (1) 50 40 1.00 14.3 13.7 12.4 11.3 10.3 9.5 8.8 8.2 7.6 7.0 6.5 712 Annealed Ti–Mo–Ni 52 (1) 70 50 1.00 20.0 20.0 18.7 17.4 16.2 15.2 14.3 13.6 13.1 12.7 12.3 12
Castings CastingsB367 C-2 As-cast Ti 50 (1) (3) 50 40 0.80 11.4 10.5 10.0 9.0 8.3 7.6 … … … … … C-2 B367
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Table A-9 Titanium and Titanium Alloys (Cont’d)GENERAL NOTES:(a) The tabulated specifications are ANSI/ASTM or ASTM. For ASME BPVC applications, see related specifications in ASME BPVC, Section II.(b) The stress values in this Table may be interpolated to determine values for intermediate temperatures.(c) The P-Numbers listed in this Table are identical to those adopted byASMEBPVC. Qualification ofwelding procedures,welders, andweldingoperators is required and shall comply with ASME BPVC, Section IX, except as modified by para. 127.5.(d) Tensile strengths and allowable stresses shown in “ksi” are “thousands of pounds per square inch.”(e) The materials listed in this Table shall not be used at design temperatures above those for which allowable stress values are given.(f) The tabulated stress values are S×E (weld joint efficiency factor) or S×F (material quality factor), as applicable.Weld joint efficiency factorsare shown in Table 102.4.3-1.(g) Pressure–temperature ratings of piping components, as published in standards referenced in this Code, may be used for componentsmeeting the requirements of those standards.Theallowable stress valuesgiven in thisTable are foruse indesigningpiping components thatare not manufactured in accordance with referenced standards.(h) The y coefficient = 0.4 (see Table 104.1.2-1).(i) The tabulated stress values that are shown in italics are at temperatures in the range where creep and stress rupture strength govern theselection of stresses.(j) See para. 124.1.2 for lower temperature limits.NOTES:(1) THIS MATERIAL IS NOT ACCEPTABLE FOR USE ON BOILER EXTERNAL PIPING — SEE FIGURES 100.1.2-1 THROUGH 100.1.2-8.(2) Filler metal shall not be used in the manufacture of welded pipe or tubing.(3) Welding of this material is not permitted.
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Spec.
No. Grade

Type
or

Class Nominal Composition

Material
Category/
UNS No. Notes

Specified
Minimum
Tensile,
ksi

Specified
Minimum
Yield,
ksi

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

Grade
Spec.
No.100 200 300 350 400 450 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200

Carbon Steel Carbon SteelA194 1, 2, 2H … … Carbon steel (1) … … … … … … … … … … … … … … … … … … … … … … 1, 2, 2H A194A307 A … C Carbon steel (3) (4) 60 … 7.0 7.0 7.0 … 7.0 … … … … … … … … … … … … … … … A A307B … C Carbon steel (2) (3) (4) 60 … 7.0 7.0 7.0 … 7.0 … … … … … … … … … … … … … … … BA449 … … C Carbon steel (2) (5) (6) 120 … 23.0 23.0 23.0 … 23.0 … 23.0 23.0 … … … … … … … … … … … … … A449… … C Carbon steel (2) (5) (7) 105 … 20.2 20.2 20.2 … 20.2 … 20.2 20.2 … … … … … … … … … … … … …… … C Carbon steel (2) (5) (8) 90 … 14.5 14.5 14.5 … 14.5 … 14.5 14.5 … … … … … … … … … … … … …
Low and Intermediate Alloy Steel Low and Intermediate Alloy SteelA193 B5 … 5Cr–1∕2Mo Alloy steel (5) (9) (10) 100 80 20.0 20.0 20.0 … 20.0 … 20.0 20.0 20.0 20.0 20.0 18.5 14.5 10.4 7.6 5.6 4.2 3.1 2.0 1.3 B5 A193B7 … 1Cr–1∕5Mo Alloy steel (11) 125 105 25.0 25.0 25.0 … 25.0 … 25.0 25.0 25.0 25.0 23.6 21.0 16.3 12.5 8.5 4.5 … … … … B7B7 … 1Cr–1∕5Mo Alloy steel (12) 115 95 23.0 23.0 23.0 … 23.0 … 23.0 23.0 23.0 23.0 22.2 20.0 16.3 12.5 8.5 4.5 ... … ... ... B7B7 … 1Cr–1∕5Mo Alloy steel (13) 100 75 18.8 18.8 18.8 … 18.8 … 18.8 18.8 18.8 18.8 18.8 18.0 16.3 12.5 8.5 4.5 ... ... ... ... B7B7M … 1Cr–1∕5Mo Alloy steel (2) (11) 100 80 20.0 20.0 20.0 … 20.0 … 20.0 20.0 20.0 20.0 20.0 18.5 16.5 12.5 8.5 4.5 ... ... ... ... B7MA193 B16 … 1Cr–1∕2Mo–V Alloy steel (11) 125 105 25.0 25.0 25.0 … 25.0 … 25.0 25.0 25.0 25.0 25.0 25.0 23.5 20.5 16.0 11.0 6.3 2.8 ... ... B16 A193B16 … 1Cr–1∕2Mo–V Alloy steel (12) 110 95 22.0 22.0 22.0 … 22.0 … 22.0 22.0 22.0 22.0 22.0 22.0 21.0 18.5 15.3 11.0 6.3 2.8 ... ... B16B16 … 1Cr–1∕2Mo–V Alloy steel (13) 100 85 20.0 20.0 20.0 … 20.0 … 20.0 20.0 20.0 20.0 20.0 20.0 18.8 16.7 14.3 11.0 6.3 2.8 ... ... B16
A194 3 … 5Cr–1∕2Mo–V Alloy steel (1) … … … … … … … … … … … … … … … … … … … … … … 3 A1944 … C–Mo Alloy steel (1) (14) … … … … … … … … … … … … … … … … … … … … … … 47 … Cr–Mo Alloy steel (1) … … … … … … … … … … … … … … … … … … … … … … 7
A320 L7 … 1Cr–1∕5Mo Alloy steel (2) (5) (15) 125 105 25.0 25.0 25.0 … 25.0 … 25.0 25.0 25.0 25.0 … … … … … … … … … … L7 A320L7M … 1Cr–1∕5Mo Alloy steel (2) (11) 100 80 20.0 20.0 20.0 … 20.0 … 20.0 20.0 20.0 20.0 20.0 18.5 16.3 12.5 8.5 4.5 ... ... ... ... L7ML43 … 13∕4Ni–3∕4Cr–1∕4Mo Alloy steel (2) (5) (15) 125 105 25.0 25.0 25.0 … 25.0 … 25.0 25.0 25.0 25.0 … … … … … … … … … … L43
A354 BC … … Alloy steel (5) (9) (11) 125 109 25.0 25.0 25.0 … 25.0 … 25.0 25.0 25.0 … … … … … … … … … … … BC A354BC … … Alloy steel (5) (9) (12) 115 99 23.0 23.0 23.0 … 23.0 … 23.0 23.0 23.0 … … … … … … … … … … … BCBD … … Alloy steel (5) (9) (11) 150 130 30.0 30.0 30.0 … 30.0 … 30.0 30.0 30.0 … … … … … … … … … … … BDBD … … Alloy steel (5) (9) (12) 140 120 28.0 28.0 28.0 … 28.0 … 28.0 28.0 28.0 … … … … … … … … … … … BD
Stainless Steels: Austenitic Stainless Steels: AusteniticA193 B8 1 18Cr–8Ni S30400 (5) (16) (17) 75 30 18.8 16.7 15.0 … 13.8 … 12.9 12.1 12.0 11.8 11.5 11.2 11.0 10.8 10.6 10.4 10.1 9.8 7.7 6.1 B8 A193B8C 1 18Cr–10Ni–Cb S34700 (5) (16) (17) 75 30 18.8 17.9 16.4 … 15.5 … 15.0 14.3 14.1 13.8 13.7 13.6 13.5 13.5 13.4 13.4 12.1 9.1 6.1 4.4 B8CB8M 1 16Cr–12Ni–2Mo S31600 (5) (16) (17) 75 30 18.8 17.7 15.6 … 14.3 … 13.3 12.6 12.3 12.1 11.9 11.7 11.6 11.5 11.4 11.3 11.2 11.0 9.8 7.4 B8MB8T 1 18Cr–10Ni–Ti S32100 (5) (16) (17) 75 30 18.8 17.8 16.5 … 15.3 … 14.3 13.5 13.3 12.9 12.7 12.5 12.4 12.3 12.1 12.0 9.6 6.9 5.0 3.6 B8TA193 B8 2 18Cr–8Ni S30400 (5) (18) (19) 125 100 25.0 … … … … … … … … … … … … … … … … … … … B8 A193B8 2 18Cr–8Ni S30400 (5) (18) (20) 115 80 20.0 … … … … … … … … … … … … … … … … … … … B8B8 2 18Cr–8Ni S30400 (5) (18) (21) 105 65 18.8 … … … … … … … … … … … … … … … … … … … B8B8 2 18Cr–8Ni S30400 (5) (18) (22) 100 50 18.8 … … … … … … … … … … … … … … … … … … … B8
A193 B8C 2 18Cr–10Ni–Cb S34700 (5) (18) (19) 125 100 25.0 … … … … … … … … … … … … … … … … … … … B8C A193B8C 2 18Cr–10Ni–Cb S34700 (5) (18) (20) 115 80 20.0 … … … … … … … … … … … … … … … … … … … B8CB8C 2 18Cr–10Ni–Cb S34700 (5) (18) (21) 105 65 18.8 … … … … … … … … … … … … … … … … … … … B8CB8C 2 18Cr–10Ni–Cb S34700 (5) (18) (22) 100 50 18.8 … … … … … … … … … … … … … … … … … … … B8C
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Spec.
No. Grade

Type
or

Class Nominal Composition

Material
Category/
UNS No. Notes

Specified
Minimum
Tensile,
ksi

Specified
Minimum
Yield,
ksi

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

Grade
Spec.
No.100 200 300 350 400 450 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200

Carbon Steel Carbon SteelA194 1, 2, 2H … … Carbon steel (1) … … … … … … … … … … … … … … … … … … … … … … 1, 2, 2H A194A307 A … C Carbon steel (3) (4) 60 … 7.0 7.0 7.0 … 7.0 … … … … … … … … … … … … … … … A A307B … C Carbon steel (2) (3) (4) 60 … 7.0 7.0 7.0 … 7.0 … … … … … … … … … … … … … … … BA449 … … C Carbon steel (2) (5) (6) 120 … 23.0 23.0 23.0 … 23.0 … 23.0 23.0 … … … … … … … … … … … … … A449… … C Carbon steel (2) (5) (7) 105 … 20.2 20.2 20.2 … 20.2 … 20.2 20.2 … … … … … … … … … … … … …… … C Carbon steel (2) (5) (8) 90 … 14.5 14.5 14.5 … 14.5 … 14.5 14.5 … … … … … … … … … … … … …
Low and Intermediate Alloy Steel Low and Intermediate Alloy SteelA193 B5 … 5Cr–1∕2Mo Alloy steel (5) (9) (10) 100 80 20.0 20.0 20.0 … 20.0 … 20.0 20.0 20.0 20.0 20.0 18.5 14.5 10.4 7.6 5.6 4.2 3.1 2.0 1.3 B5 A193B7 … 1Cr–1∕5Mo Alloy steel (11) 125 105 25.0 25.0 25.0 … 25.0 … 25.0 25.0 25.0 25.0 23.6 21.0 16.3 12.5 8.5 4.5 … … … … B7B7 … 1Cr–1∕5Mo Alloy steel (12) 115 95 23.0 23.0 23.0 … 23.0 … 23.0 23.0 23.0 23.0 22.2 20.0 16.3 12.5 8.5 4.5 ... … ... ... B7B7 … 1Cr–1∕5Mo Alloy steel (13) 100 75 18.8 18.8 18.8 … 18.8 … 18.8 18.8 18.8 18.8 18.8 18.0 16.3 12.5 8.5 4.5 ... ... ... ... B7B7M … 1Cr–1∕5Mo Alloy steel (2) (11) 100 80 20.0 20.0 20.0 … 20.0 … 20.0 20.0 20.0 20.0 20.0 18.5 16.5 12.5 8.5 4.5 ... ... ... ... B7MA193 B16 … 1Cr–1∕2Mo–V Alloy steel (11) 125 105 25.0 25.0 25.0 … 25.0 … 25.0 25.0 25.0 25.0 25.0 25.0 23.5 20.5 16.0 11.0 6.3 2.8 ... ... B16 A193B16 … 1Cr–1∕2Mo–V Alloy steel (12) 110 95 22.0 22.0 22.0 … 22.0 … 22.0 22.0 22.0 22.0 22.0 22.0 21.0 18.5 15.3 11.0 6.3 2.8 ... ... B16B16 … 1Cr–1∕2Mo–V Alloy steel (13) 100 85 20.0 20.0 20.0 … 20.0 … 20.0 20.0 20.0 20.0 20.0 20.0 18.8 16.7 14.3 11.0 6.3 2.8 ... ... B16
A194 3 … 5Cr–1∕2Mo–V Alloy steel (1) … … … … … … … … … … … … … … … … … … … … … … 3 A1944 … C–Mo Alloy steel (1) (14) … … … … … … … … … … … … … … … … … … … … … … 47 … Cr–Mo Alloy steel (1) … … … … … … … … … … … … … … … … … … … … … … 7
A320 L7 … 1Cr–1∕5Mo Alloy steel (2) (5) (15) 125 105 25.0 25.0 25.0 … 25.0 … 25.0 25.0 25.0 25.0 … … … … … … … … … … L7 A320L7M … 1Cr–1∕5Mo Alloy steel (2) (11) 100 80 20.0 20.0 20.0 … 20.0 … 20.0 20.0 20.0 20.0 20.0 18.5 16.3 12.5 8.5 4.5 ... ... ... ... L7ML43 … 13∕4Ni–3∕4Cr–1∕4Mo Alloy steel (2) (5) (15) 125 105 25.0 25.0 25.0 … 25.0 … 25.0 25.0 25.0 25.0 … … … … … … … … … … L43
A354 BC … … Alloy steel (5) (9) (11) 125 109 25.0 25.0 25.0 … 25.0 … 25.0 25.0 25.0 … … … … … … … … … … … BC A354BC … … Alloy steel (5) (9) (12) 115 99 23.0 23.0 23.0 … 23.0 … 23.0 23.0 23.0 … … … … … … … … … … … BCBD … … Alloy steel (5) (9) (11) 150 130 30.0 30.0 30.0 … 30.0 … 30.0 30.0 30.0 … … … … … … … … … … … BDBD … … Alloy steel (5) (9) (12) 140 120 28.0 28.0 28.0 … 28.0 … 28.0 28.0 28.0 … … … … … … … … … … … BD
Stainless Steels: Austenitic Stainless Steels: AusteniticA193 B8 1 18Cr–8Ni S30400 (5) (16) (17) 75 30 18.8 16.7 15.0 … 13.8 … 12.9 12.1 12.0 11.8 11.5 11.2 11.0 10.8 10.6 10.4 10.1 9.8 7.7 6.1 B8 A193B8C 1 18Cr–10Ni–Cb S34700 (5) (16) (17) 75 30 18.8 17.9 16.4 … 15.5 … 15.0 14.3 14.1 13.8 13.7 13.6 13.5 13.5 13.4 13.4 12.1 9.1 6.1 4.4 B8CB8M 1 16Cr–12Ni–2Mo S31600 (5) (16) (17) 75 30 18.8 17.7 15.6 … 14.3 … 13.3 12.6 12.3 12.1 11.9 11.7 11.6 11.5 11.4 11.3 11.2 11.0 9.8 7.4 B8MB8T 1 18Cr–10Ni–Ti S32100 (5) (16) (17) 75 30 18.8 17.8 16.5 … 15.3 … 14.3 13.5 13.3 12.9 12.7 12.5 12.4 12.3 12.1 12.0 9.6 6.9 5.0 3.6 B8TA193 B8 2 18Cr–8Ni S30400 (5) (18) (19) 125 100 25.0 … … … … … … … … … … … … … … … … … … … B8 A193B8 2 18Cr–8Ni S30400 (5) (18) (20) 115 80 20.0 … … … … … … … … … … … … … … … … … … … B8B8 2 18Cr–8Ni S30400 (5) (18) (21) 105 65 18.8 … … … … … … … … … … … … … … … … … … … B8B8 2 18Cr–8Ni S30400 (5) (18) (22) 100 50 18.8 … … … … … … … … … … … … … … … … … … … B8
A193 B8C 2 18Cr–10Ni–Cb S34700 (5) (18) (19) 125 100 25.0 … … … … … … … … … … … … … … … … … … … B8C A193B8C 2 18Cr–10Ni–Cb S34700 (5) (18) (20) 115 80 20.0 … … … … … … … … … … … … … … … … … … … B8CB8C 2 18Cr–10Ni–Cb S34700 (5) (18) (21) 105 65 18.8 … … … … … … … … … … … … … … … … … … … B8CB8C 2 18Cr–10Ni–Cb S34700 (5) (18) (22) 100 50 18.8 … … … … … … … … … … … … … … … … … … … B8C
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Spec.
No. Grade

Type
or

Class Nominal Composition

Material
Category/
UNS No. Notes

Specified
Minimum
Tensile,
ksi

Specified
Minimum
Yield,
ksi

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

Grade
Spec.
No.100 200 300 350 400 450 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200

Stainless Steels: Austenitic   (Cont’d) Stainless Steels: Austenitic (Cont’d)

A193 B8M 2 16Cr–12Ni–2Mo S31600 (5) (18) (19) 110 80 22.0 22.0 22.0 … 22.0 … 22.0 22.0 22.0 22.0 22.0 … … … … … … … … … B8M A193B8M 2 16Cr–12Ni–2Mo S31600 (5) (18) (20) 100 80 20.0 20.0 20.0 … 20.0 … 20.0 20.0 20.0 20.0 20.0 … … … … … … … … … B8MB8M 2 16Cr–12Ni–2Mo S31600 (5) (18) (21) 95 75 18.8 17.7 16.3 … 16.3 … 16.3 16.3 16.3 16.3 16.3 … … … … … … … … … B8MB8M 2 16Cr–12Ni–2Mo S31600 (5) (18) (22) 90 65 18.8 17.7 15.6 … 14.3 … 13.3 12.5 12.5 12.5 12.5 … … … … … … … … … B8M
A193 B8T 2 18Cr–10Ni–Ti S32100 (5) (18) (19) 125 100 25.0 … … … … … … … … … … … … … … … … … … … B8T A193B8T 2 18Cr–10Ni–Ti S32100 (5) (18) (20) 115 80 20.0 … … … … … … … … … … … … … … … … … … … B8TB8T 2 18Cr–10Ni–Ti S32100 (5) (18) (21) 105 65 18.8 … … … … … … … … … … … … … … … … … … … B8TB8T 2 18Cr–10Ni–Ti S32100 (5) (18) (22) 100 50 18.8 … … … … … … … … … … … … … … … … … … … B8T
A194 8 … 18Cr–8Ni S30400 (1) … … … … … … … … … … … … … … … … … … … … … … 8 A1948C … 18Cr–10Ni–Cb S34700 (1) … … … … … … … … … … … … … … … … … … … … … … 8C
A194 8M … 16Cr–12Ni–Mo S31600 (1) … … … … … … … … … … … … … … … … … … … … … … 8M A1948T … 18Cr–10Ni–Ti S32100 (1) … … … … … … … … … … … … … … … … … … … … … … 8T8F … 18Cr–8Ni–Fm … (1) … … … … … … … … … … … … … … … … … … … … … … 8F
A320 B8 1 18Cr–8Ni S30400 (5) (18) 75 30 18.8 … … … … … … … … … … … … … … … … … … … B8 A320B8 1 18Cr–8Ni S30400 (5) (23) 75 30 18.8 16.7 15.0 … 13.8 … … … … … … … … … … … … … … … B8B8 2 18Cr–8Ni S30400 (5) (18) (22) 100 50 18.8 … … … … … … … … … … … … … … … … … … … B8B8 2 18Cr–8Ni S30400 (5) (18) (21) 105 65 18.8 … … … … … … … … … … … … … … … … … … … B8B8 2 18Cr–8Ni S30400 (5) (18) (20) 115 80 20.0 … … … … … … … … … … … … … … … … … … … B8B8 2 18Cr–8Ni S30400 (5) (18) (19) 125 100 25.0 … … … … … … … … … … … … … … … … … … … B8
A320 B8C 1 18Cr–10Ni–Cb S34700 (5) 75 30 18.8 … … … … … … … … … … … … … … … … … … … B8C A320B8C 1 18Cr–10Ni–Cb S34700 (5) (23) 75 30 18.8 18.4 17.1 … 16.0 … … … … … … … … … … … … … … … B8CB8C 2 18Cr–10Ni–Cb S34700 (5) (18) (22) 100 50 18.8 … … … … … … … … … … … … … … … … … … … B8CB8C 2 18Cr–10Ni–Cb S34700 (5) (18) (21) 105 65 18.8 … … … … … … … … … … … … … … … … … … … B8CB8C 2 18Cr–10Ni–Cb S34700 (5) (18) (20) 115 80 20.0 … … … … … … … … … … … … … … … … … … … B8CB8C 2 18Cr–10Ni–Cb S34700 (5) (18) (19) 125 100 25.0 … … … … … … … … … … … … … … … … … … … B8C
A320 B8M 1 16Cr–12Ni–2Mo S31600 (5) 75 30 18.8 … … … … … … … … … … … … … … … … … … … B8M A320B8M 1 16Cr–12Ni–2Mo S31600 (5) (23) 75 30 18.8 17.7 15.6 … 14.3 … … … … … … … … … … … … … … … B8MB8M 2 16Cr–12Ni–2Mo S31600 (5) (18) (22) 90 50 18.8 … … … … … … … … … … … … … … … … … … … B8MB8M 2 16Cr–12Ni–2Mo S31600 (5) (18) (21) 95 65 18.8 … … … … … … … … … … … … … … … … … … … B8MB8M 2 16Cr–12Ni–2Mo S31600 (5) (18) (20) 100 80 20.0 … … … … … … … … … … … … … … … … … … … B8MB8M 2 16Cr–12Ni–2Mo S31600 (5) (18) (19) 110 95 25.0 … … … … … … … … … … … … … … … … … … … B8M
A320 B8T 1 18Cr–10Ni–Ti S32100 (5) 75 30 18.8 … … … … … … … … … … … … … … … … … … … B8T A320B8T 1 18Cr–10Ni–Ti S32100 (5) (23) 75 30 18.8 17.8 16.5 … 15.3 … … … … … … … … … … … … … … … B8TB8T 2 18Cr–10Ni–Ti S32100 (5) (18) (22) 100 50 18.8 … … … … … … … … … … … … … … … … … … … B8TB8T 2 18Cr–10Ni–Ti S32100 (5) (18) (21) 105 65 18.8 … … … … … … … … … … … … … … … … … … … B8TB8T 2 18Cr–10Ni–Ti S32100 (5) (18) (20) 115 80 20.0 … … … … … … … … … … … … … … … … … … … B8TB8T 2 18Cr–10Ni–Ti S32100 (5) (18) (19) 125 100 25.0 … … … … … … … … … … … … … … … … … … … B8T
A453 660 A & B 15Cr–25Ni–Mo–Ti–V–B S66286 (5) 130 85 21.3 21.3 21.3 21.3 21.3 21.3 21.3 21.3 21.3 21.3 21.3 21.3 21.3 21.3 21.3 21.3 … … … … 660 A453
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Spec.
No. Grade

Type
or

Class Nominal Composition

Material
Category/
UNS No. Notes

Specified
Minimum
Tensile,
ksi

Specified
Minimum
Yield,
ksi

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

Grade
Spec.
No.100 200 300 350 400 450 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200

Stainless Steels: Austenitic Stainless Steels: Austenitic (Cont’d)

A193 B8M 2 16Cr–12Ni–2Mo S31600 (5) (18) (19) 110 80 22.0 22.0 22.0 … 22.0 … 22.0 22.0 22.0 22.0 22.0 … … … … … … … … … B8M A193B8M 2 16Cr–12Ni–2Mo S31600 (5) (18) (20) 100 80 20.0 20.0 20.0 … 20.0 … 20.0 20.0 20.0 20.0 20.0 … … … … … … … … … B8MB8M 2 16Cr–12Ni–2Mo S31600 (5) (18) (21) 95 75 18.8 17.7 16.3 … 16.3 … 16.3 16.3 16.3 16.3 16.3 … … … … … … … … … B8MB8M 2 16Cr–12Ni–2Mo S31600 (5) (18) (22) 90 65 18.8 17.7 15.6 … 14.3 … 13.3 12.5 12.5 12.5 12.5 … … … … … … … … … B8M
A193 B8T 2 18Cr–10Ni–Ti S32100 (5) (18) (19) 125 100 25.0 … … … … … … … … … … … … … … … … … … … B8T A193B8T 2 18Cr–10Ni–Ti S32100 (5) (18) (20) 115 80 20.0 … … … … … … … … … … … … … … … … … … … B8TB8T 2 18Cr–10Ni–Ti S32100 (5) (18) (21) 105 65 18.8 … … … … … … … … … … … … … … … … … … … B8TB8T 2 18Cr–10Ni–Ti S32100 (5) (18) (22) 100 50 18.8 … … … … … … … … … … … … … … … … … … … B8T
A194 8 … 18Cr–8Ni S30400 (1) … … … … … … … … … … … … … … … … … … … … … … 8 A1948C … 18Cr–10Ni–Cb S34700 (1) … … … … … … … … … … … … … … … … … … … … … … 8C
A194 8M … 16Cr–12Ni–Mo S31600 (1) … … … … … … … … … … … … … … … … … … … … … … 8M A1948T … 18Cr–10Ni–Ti S32100 (1) … … … … … … … … … … … … … … … … … … … … … … 8T8F … 18Cr–8Ni–Fm … (1) … … … … … … … … … … … … … … … … … … … … … … 8F
A320 B8 1 18Cr–8Ni S30400 (5) (18) 75 30 18.8 … … … … … … … … … … … … … … … … … … … B8 A320B8 1 18Cr–8Ni S30400 (5) (23) 75 30 18.8 16.7 15.0 … 13.8 … … … … … … … … … … … … … … … B8B8 2 18Cr–8Ni S30400 (5) (18) (22) 100 50 18.8 … … … … … … … … … … … … … … … … … … … B8B8 2 18Cr–8Ni S30400 (5) (18) (21) 105 65 18.8 … … … … … … … … … … … … … … … … … … … B8B8 2 18Cr–8Ni S30400 (5) (18) (20) 115 80 20.0 … … … … … … … … … … … … … … … … … … … B8B8 2 18Cr–8Ni S30400 (5) (18) (19) 125 100 25.0 … … … … … … … … … … … … … … … … … … … B8
A320 B8C 1 18Cr–10Ni–Cb S34700 (5) 75 30 18.8 … … … … … … … … … … … … … … … … … … … B8C A320B8C 1 18Cr–10Ni–Cb S34700 (5) (23) 75 30 18.8 18.4 17.1 … 16.0 … … … … … … … … … … … … … … … B8CB8C 2 18Cr–10Ni–Cb S34700 (5) (18) (22) 100 50 18.8 … … … … … … … … … … … … … … … … … … … B8CB8C 2 18Cr–10Ni–Cb S34700 (5) (18) (21) 105 65 18.8 … … … … … … … … … … … … … … … … … … … B8CB8C 2 18Cr–10Ni–Cb S34700 (5) (18) (20) 115 80 20.0 … … … … … … … … … … … … … … … … … … … B8CB8C 2 18Cr–10Ni–Cb S34700 (5) (18) (19) 125 100 25.0 … … … … … … … … … … … … … … … … … … … B8C
A320 B8M 1 16Cr–12Ni–2Mo S31600 (5) 75 30 18.8 … … … … … … … … … … … … … … … … … … … B8M A320B8M 1 16Cr–12Ni–2Mo S31600 (5) (23) 75 30 18.8 17.7 15.6 … 14.3 … … … … … … … … … … … … … … … B8MB8M 2 16Cr–12Ni–2Mo S31600 (5) (18) (22) 90 50 18.8 … … … … … … … … … … … … … … … … … … … B8MB8M 2 16Cr–12Ni–2Mo S31600 (5) (18) (21) 95 65 18.8 … … … … … … … … … … … … … … … … … … … B8MB8M 2 16Cr–12Ni–2Mo S31600 (5) (18) (20) 100 80 20.0 … … … … … … … … … … … … … … … … … … … B8MB8M 2 16Cr–12Ni–2Mo S31600 (5) (18) (19) 110 95 25.0 … … … … … … … … … … … … … … … … … … … B8M
A320 B8T 1 18Cr–10Ni–Ti S32100 (5) 75 30 18.8 … … … … … … … … … … … … … … … … … … … B8T A320B8T 1 18Cr–10Ni–Ti S32100 (5) (23) 75 30 18.8 17.8 16.5 … 15.3 … … … … … … … … … … … … … … … B8TB8T 2 18Cr–10Ni–Ti S32100 (5) (18) (22) 100 50 18.8 … … … … … … … … … … … … … … … … … … … B8TB8T 2 18Cr–10Ni–Ti S32100 (5) (18) (21) 105 65 18.8 … … … … … … … … … … … … … … … … … … … B8TB8T 2 18Cr–10Ni–Ti S32100 (5) (18) (20) 115 80 20.0 … … … … … … … … … … … … … … … … … … … B8TB8T 2 18Cr–10Ni–Ti S32100 (5) (18) (19) 125 100 25.0 … … … … … … … … … … … … … … … … … … … B8T
A453 660 A & B 15Cr–25Ni–Mo–Ti–V–B S66286 (5) 130 85 21.3 21.3 21.3 21.3 21.3 21.3 21.3 21.3 21.3 21.3 21.3 21.3 21.3 21.3 21.3 21.3 … … … … 660 A453
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Spec.
No. Grade

Type
or

Class Nominal Composition

Material
Category/
UNS No. Notes

Specified
Minimum
Tensile,
ksi

Specified
Minimum
Yield,
ksi

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

Grade
Spec.
No.100 200 300 350 400 450 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200

Stainless Steels: Austenitic   (Cont’d) Stainless Steels: Austenitic (Cont’d)

A479 TP309H … 23Cr–12Ni S30909 (24) 75 30 20.0 20.0 20.0 … 20.0 … 19.4 18.8 18.5 18.2 18.0 17.7 17.5 17.2 16.9 13.8 10.3 7.6 5.5 4.0 TP309H A479TP309H … 23Cr–12Ni S30909 … 75 30 20.0 17.5 16.1 … 15.1 … 14.4 13.9 13.7 13.5 13.3 13.1 12.9 12.7 12.5 12.3 10.3 7.6 5.5 4.0 TP309HTP310H … 25Cr–20Ni S31009 (24) 75 30 20.0 17.6 16.1 … 15.1 … 14.3 13.7 13.5 13.3 13.1 12.9 12.7 12.5 12.3 12.1 10.3 7.6 5.5 4.0 TP310HTP310H … 25Cr–20Ni S31009 … 75 30 20.0 20.0 20.0 … 19.9 … 19.3 18.5 18.2 17.9 17.7 17.4 17.2 16.9 16.7 13.8 10.3 7.6 5.5 4.0 TP310H
Stainless Steels: Martensitic Stainless Steels: MartensiticA193 B6 (410) 13Cr S41000 (5) (10) 110 85 21.3 19.5 18.9 … 18.5 … 18.3 17.9 17.6 17.2 16.7 16.1 15.3 12.3 ... ... ... ... ... ... B6 A193
A194 6 … 13Cr S41000 (1) … … … … … … … … … … … … … … … … … … … … … … 6 A194
Stainless Steels: Precipitation Hardened Stainless Steels: Precipitation HardenedA564 630 H1100 17Cr–4Ni–3.5Cu–0.04P S17400 (5) (25) 140 115 28.0 … … … … … … … … … … … … … … … … … … … 630 A564
Copper and Copper Alloys Copper and Copper AlloysB150 … … … C61400 (2) (26) (27) (28) 80 40 17.5 17.5 17.5 17.5 17.2 16.6 16.1 … … … … … … … … … … … … … … B150… … … C61400 (2) (26) (28) (29) 75 35 17.5 17.5 17.5 17.5 17.2 16.6 16.1 … … … … … … … … … … … … … …… … … C61400 (2) (26) (28) (30) 70 32 17.5 17.5 17.5 17.5 17.2 16.6 16.1 … … … … … … … … … … … … … …… … … C61400 (2) (26) (28) (31) 70 30 17.5 17.5 17.5 17.5 17.2 16.6 16.1 … … … … … … … … … … … … … …

Table A-10 Bolts, Nuts, and Studs (Cont’d)

ASME B31.1-2020

230



Spec.
No. Grade

Type
or

Class Nominal Composition

Material
Category/
UNS No. Notes

Specified
Minimum
Tensile,
ksi

Specified
Minimum
Yield,
ksi

Maximum Allowable Stress Values in Tension, ksi, for Metal Temperature, °F, Not Exceeding

Grade
Spec.
No.100 200 300 350 400 450 500 600 650 700 750 800 850 900 950 1,000 1,050 1,100 1,150 1,200

Stainless Steels: Austenitic Stainless Steels: Austenitic (Cont’d)

A479 TP309H … 23Cr–12Ni S30909 (24) 75 30 20.0 20.0 20.0 … 20.0 … 19.4 18.8 18.5 18.2 18.0 17.7 17.5 17.2 16.9 13.8 10.3 7.6 5.5 4.0 TP309H A479TP309H … 23Cr–12Ni S30909 … 75 30 20.0 17.5 16.1 … 15.1 … 14.4 13.9 13.7 13.5 13.3 13.1 12.9 12.7 12.5 12.3 10.3 7.6 5.5 4.0 TP309HTP310H … 25Cr–20Ni S31009 (24) 75 30 20.0 17.6 16.1 … 15.1 … 14.3 13.7 13.5 13.3 13.1 12.9 12.7 12.5 12.3 12.1 10.3 7.6 5.5 4.0 TP310HTP310H … 25Cr–20Ni S31009 … 75 30 20.0 20.0 20.0 … 19.9 … 19.3 18.5 18.2 17.9 17.7 17.4 17.2 16.9 16.7 13.8 10.3 7.6 5.5 4.0 TP310H
Stainless Steels: Martensitic Stainless Steels: MartensiticA193 B6 (410) 13Cr S41000 (5) (10) 110 85 21.3 19.5 18.9 … 18.5 … 18.3 17.9 17.6 17.2 16.7 16.1 15.3 12.3 ... ... ... ... ... ... B6 A193
A194 6 … 13Cr S41000 (1) … … … … … … … … … … … … … … … … … … … … … … 6 A194
Stainless Steels: Precipitation Hardened Stainless Steels: Precipitation HardenedA564 630 H1100 17Cr–4Ni–3.5Cu–0.04P S17400 (5) (25) 140 115 28.0 … … … … … … … … … … … … … … … … … … … 630 A564
Copper and Copper Alloys Copper and Copper AlloysB150 … … … C61400 (2) (26) (27) (28) 80 40 17.5 17.5 17.5 17.5 17.2 16.6 16.1 … … … … … … … … … … … … … … B150… … … C61400 (2) (26) (28) (29) 75 35 17.5 17.5 17.5 17.5 17.2 16.6 16.1 … … … … … … … … … … … … … …… … … C61400 (2) (26) (28) (30) 70 32 17.5 17.5 17.5 17.5 17.2 16.6 16.1 … … … … … … … … … … … … … …… … … C61400 (2) (26) (28) (31) 70 30 17.5 17.5 17.5 17.5 17.2 16.6 16.1 … … … … … … … … … … … … … …
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Table A-10 Bolts, Nuts, and Studs (Cont’d)GENERAL NOTE: See para. 124.1.2 for lower temperature limits.NOTES:(1) This is a product specification. Allowable stresses are not necessary. Limitations on metal temperature for materials covered by thisspecification for use under ASME B31.1 are as follows:
(a) Grades 1 and 2, −20°F to 600°F
(b) Grade 2H, −20°F to 800°F
(c) Grades 3 and 7, −20°F to 1,100°F
(d) Grade 4, −20°F to 900°F
(e) Grades 6 and 8F, −20°F to 800°F
(f) Grades 8, 8C, 8M, and 8T, −20°F to 1,200°F(2) THIS MATERIAL IS NOT ACCEPTABLE FOR USE ON BOILER EXTERNAL PIPING — SEE FIGURES 100.1.2-1 THROUGH 100.1.2-8.(3) This material shall not be used above 400°F. The allowable stress value is 7,000 psi.(4) Theallowable stress values listed inMSSSP-58 for thismaterialmaybeused forpipe-supporting elementsdesigned inaccordancewithMSSSP-58.(5) These allowable stress values are established from a consideration of strength only and will be satisfactory for average service. For boltedjoints, where freedom from leakage over a long period of time without retightening is required, lower stress values may be necessary asdetermined from the relative flexibility of the flange, bolt, and corresponding relaxation properties.(6) These allowable stress values apply to bolting materials ≤ 1 in. in diameter.(7) These allowable stress values apply to bolting materials ≥ 1 in. in diameter and ≤ 11∕2 in. in diameter.(8) These allowable stress values apply to bolting materials ≥ 11∕2 in. in diameter and ≤ 3 in. in diameter.(9) Between temperatures of −20°F and 400°F, allowable stress values equal to the lower of the following may be used: 20% of the specifiedtensile strength or 25% of the specified yield strength.(10) These allowable stress values apply to bolting materials 4 in. in diameter and smaller.(11) These allowable stress values apply to bolting materials 21∕2 in. in diameter and smaller.(12) These allowable stress values apply to bolting materials larger than 21∕2 in. in diameter but not larger than 4 in. in diameter.(13) These allowable stress values apply to bolting materials larger than 4 in. in diameter but not larger than 7 in. in diameter.(14) Upon prolonged exposure to temperatures above 800°F (427°C), the carbide phase of carbon–molybdenum steel may be converted tographite.(15) Minimum tempering temperature shall be 800°F.(16) The allowable stress values tabulated for temperatures over 1,000°F apply only if the carbon content of the material is 0.04% or higher.(17) The allowable stress values tabulated for temperatures over 1,000°F apply only if the material is heat treated by heating to a minimumtemperature of 1,900°F and quenching in water or rapid cooling by other means.(18) Thehardnessof thismaterial, under the threadroots, shall not exceedRockwellC35.Thehardness shall bemeasuredona flat area, at least 1∕8in. across, prepared by removing thread. No more material than necessary shall be removed to prepare the flat area. Hardness measure-ments shall be made at the same frequency as the tensile test.(19) These allowable stress values apply to bolting materials 3∕4 in. in diameter and smaller.(20) These allowable stress values apply to bolting materials larger than 3∕4 in. but not larger than 1 in. in diameter.(21) These allowable stress values apply to bolting materials larger than 1 in. but not larger than 11∕4 in. in diameter.(22) These allowable stress values apply to bolting materials larger than 11∕4 in. but not larger than 11∕2 in. in diameter.(23) These allowable stress values apply to bolting material that has been carbide solution treated.(24) Due to relatively low yield strength of these materials, these higher allowable stress values were established at temperatures where theshort time tensile properties govern to permit the use of these alloys where slightly greater deformation is acceptable. These stress valuesexceed 67%but donot exceed90%of the yield strength at temperature. Use of these stress valuesmay result in dimensional changes due topermanent strain. These values shouldnotbeused for the flanges of gasketed joints or other applicationswhere slight amounts of distortioncan cause leakage or malfunction.(25) These allowable stress values apply to bolting materials 8 in. in diameter and smaller.(26) Welding or brazing of this material is not permitted.(27) These allowable stress values apply to bolting materials 1∕2 in. in diameter and smaller.(28) Tempered to HR50.(29) These allowable stress values apply to bolting materials larger than 1∕2 in. but not larger than 1 in. in diameter.(30) These allowable stress values apply to bolting materials larger than 1 in. but not larger than 2 in. in diameter.(31) These allowable stress values apply to bolting materials larger than 2 in. but not larger than 3 in. in diameter.
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Table B-1 Thermal Expansion Data

= °
° [ ]

=
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}
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A

B

Mean Coefficient of Thermal Expansion, 10 in./in./ F
in Going From 70 F to Indicated Temperature Note (1)

Linear Thermal Expansion, in./100 ft

6

Material Coefficient
Temperature Range 70°F to

−325 −150 −50 70 200 300 400 500 600 700 800 900 1,000 1,100 1,200 1,300 1,400Group 1 carbon and low alloysteels [Note (2)] A 5.5 5.9 6.2 6.4 6.7 6.9 7.1 7.3 7.4 7.6 7.8 7.9 8.1 8.2 8.3 8.4 8.4
B −2.6 −1.6 −0.9 0 1.0 1.9 2.8 3.7 4.7 5.7 6.8 7.9 9.0 10.1 11.3 12.4 14.7

Group 2 low alloy steels [Note (3)] A 6.0 6.5 6.7 7.0 7.3 7.4 7.6 7.7 7.8 7.9 8.0 8.1 8.2 8.3 8.4 8.4 8.5
B −2.9 −1.7 −1.0 0 1.1 2.0 3.0 4.0 5.0 6.0 7.0 8.1 9.2 10.3 11.4 12.5 13.5

5Cr–1Mo steels A 5.6 6.0 6.2 6.4 6.7 6.9 7.0 7.1 7.2 7.2 7.3 7.4 7.5 7.6 7.6 7.7 7.8
B −2.7 −1.6 −0.9 0 1.0 1.9 2.8 3.7 4.6 5.5 6.4 7.4 8.4 9.3 10.3 11.4 12.4

9Cr–1Mo steels A 5.0 5.4 5.6 5.8 6.0 6.2 6.3 6.4 6.5 6.6 6.7 6.8 6.9 7.0 7.1 7.2 7.2
B −2.4 −1.4 −0.8 0 0.9 1.7 2.5 3.3 4.1 5.0 5.9 6.8 7.7 8.7 9.7 10.6 11.6

Straight chromium stainless steels12Cr to 13Cr steels A 5.1 5.5 5.7 5.9 6.2 6.3 6.4 6.5 6.5 6.6 6.7 6.7 6.8 6.8 6.9 6.9 7.0
B −2.4 −1.5 −0.8 0 1.0 1.7 2.5 3.3 4.2 5.0 5.8 6.7 7.6 8.5 9.4 10.2 11.1

15Cr to 17Cr steels A 4.5 4.9 5.1 5.3 5.5 5.7 5.8 5.9 6.0 6.1 6.2 6.2 6.3 6.4 6.4 6.5 6.5
B −2.1 −1.3 −0.7 0 0.9 1.6 2.3 3.0 3.8 4.6 5.4 6.2 7.0 7.9 8.7 9.5 10.4

27Cr steels A 4.3 4.7 4.9 5.0 5.2 5.2 5.3 5.4 5.4 5.5 5.6 5.7 5.7 5.8 5.9 5.9 6.0
B −2.0 −1.2 −0.7 0 0.8 1.4 2.1 2.8 3.5 4.2 4.9 5.6 6.4 7.2 8.0 8.7 9.6

Austenitic stainless steels (304,305, 316, 317, 321, 347, 348,19-9DL, XM-15, etc.) A 7.5 8.0 8.2 8.5 8.9 9.2 9.5 9.7 9.9 10.0 10.1 10.2 10.3 10.4 10.6 10.7 10.8
B −3.6 −2.1 −1.2 0 1.4 2.5 3.8 5.0 6.3 7.5 8.8 10.2 11.5 12.9 14.3 15.8 17.2

Other austenitic stainless steels(309, 310, 315, XM-19, etc.) A 7.1 7.6 7.8 8.2 8.5 8.7 8.9 9.1 9.2 9.3 9.4 9.5 9.6 9.7 9.8 9.9 10.1
B −3.4 −2.0 −1.1 0 1.3 2.4 3.5 4.7 5.8 7.0 8.2 9.5 10.7 12.0 13.3 14.7 16.1

Gray cast iron A … … … … 5.8 5.9 6.1 6.3 6.5 6.7 6.8 7.0 7.2 … … … …
B … … … 0 0.9 1.6 2.4 3.2 4.1 5.0 6.0 7.0 8.0 … … … …

Ductile cast iron A … 4.9 5.3 5.7 6.0 6.3 6.6 6.8 7.0 7.1 7.3 7.4 7.5 … … … …
B … −1.3 −0.8 0 0.9 1.7 2.6 3.5 4.5 5.4 6.4 7.3 8.4 … … … …Monel (67Ni–30Cu) N04400 A 5.8 6.8 7.2 7.7 8.1 8.3 8.5 8.7 8.8 8.9 8.9 9.0 9.1 9.1 9.2 9.2 9.3
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Table B-1 Thermal Expansion Data (Cont’d)
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A

B

Mean Coefficient of Thermal Expansion, 10 in./in./ F
in Going From 70 F to Indicated Temperature Note (1)

Linear Thermal Expansion, in./100 ft

6

Material Coefficient
Temperature Range 70°F to

−325 −150 −50 70 200 300 400 500 600 700 800 900 1,000 1,100 1,200 1,300 1,400
B −2.7 −1.8 −1.0 0 1.3 2.3 3.4 4.5 5.6 6.7 7.8 9.0 10.1 11.3 12.4 13.6 14.8

Nickel alloys N02200 and N02201 A 5.3 6.0 6.3 6.6 7.2 7.5 7.7 7.9 8.0 8.2 8.3 8.4 8.5 8.6 8.7 8.8 8.9
B −2.7 −1.7 −1.0 0 1.1 2.1 3.1 4.1 5.1 6.2 7.3 8.4 9.5 10.7 11.8 13.0 14.2

Nickel alloy N06022 A … … … 6.9 6.9 6.9 6.9 7.0 7.0 7.2 7.3 7.5 7.7 7.9 8.1 8.3 8.5
B … … … 0 1.1 1.9 2.7 3.6 4.5 5.4 6.4 7.5 8.6 9.8 11.0 12.2 13.6

Nickel alloy N06600 A 5.5 6.1 6.4 6.8 7.1 7.3 7.5 7.6 7.8 7.9 8.0 8.2 8.3 8.4 8.6 8.7 8.9
B −2.6 −1.6 −0.9 0 1.1 2.0 3.0 3.9 5.0 6.0 7.0 8.1 9.3 10.4 11.6 12.9 14.2

Nickel alloy N06625 A … … … 6.7 7.1 7.2 7.3 7.4 7.4 7.5 7.6 7.7 7.9 8.0 8.2 8.4 8.5
B … … … 0 1.1 2.0 2.9 3.8 4.7 5.6 6.6 7.7 8.8 9.9 11.1 12.3 13.6

Nickel alloys N08800 and N08810 A 5.9 6.9 7.4 7.9 8.4 8.6 8.8 8.9 9.0 9.1 9.2 9.3 9.4 9.5 9.6 9.7 9.8
B −2.8 −1.7 −1.1 0 1.3 2.4 3.5 4.6 5.7 6.9 8.1 9.3 10.5 11.8 13.0 14.4 15.7

Nickel alloy N08825 A … … 7.2 7.5 7.7 7.9 8.0 8.1 8.2 8.3 8.4 8.5 8.6 … … … …
B … … −1.0 0 1.2 2.2 3.2 4.2 5.2 6.3 7.4 8.5 9.6 … … … …

Nickel alloy N10276 A … … … 6.0 6.3 6.5 6.7 6.9 7.1 7.2 7.4 7.5 7.6 7.7 7.8 7.9 8.0
B … … … 0 1.0 1.8 2.7 3.6 4.5 5.5 6.4 7.5 8.5 9.5 10.6 11.7 12.8

Copper alloys C1XXXX series A 7.7 8.7 9.0 9.3 9.6 9.7 9.8 9.9 10.0 … … … … … … … …
B −3.7 −2.3 −1.3 0 1.5 2.7 3.9 5.1 6.4 … … … … … … … …

Bronze alloys A 8.4 8.8 9.2 9.6 10.0 10.1 10.2 10.3 10.4 10.5 10.6 10.7 10.8 10.9 11.0 … …
B −4.0 −2.3 −1.3 0 1.6 2.8 4.0 5.3 6.6 8.0 9.3 10.7 12.1 13.5 14.9 … …

Brass alloys A 8.2 8.5 9.0 9.3 9.8 10.0 10.2 10.5 10.7 10.9 11.2 11.4 11.6 11.9 12.1 … …
B −3.9 −2.2 −1.3 0 1.5 2.8 4.1 5.4 6.8 8.2 9.8 11.4 13.0 14.7 16.4 … …

Copper–nickel (70Cu-30Ni) A 6.7 7.4 7.8 8.1 8.5 8.7 8.9 9.1 9.2 9.2 … … … … … … …
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Table B-1 Thermal Expansion Data (Cont’d)
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A

B

Mean Coefficient of Thermal Expansion, 10 in./in./ F
in Going From 70 F to Indicated Temperature Note (1)

Linear Thermal Expansion, in./100 ft

6

Material Coefficient
Temperature Range 70°F to

−325 −150 −50 70 200 300 400 500 600 700 800 900 1,000 1,100 1,200 1,300 1,400
B −3.2 −2.0 −1.1 0 1.3 2.4 3.5 4.7 5.8 7.0 … … … … … … …

Aluminum alloys A 9.9 10.9 11.6 12.1 13.0 13.3 13.6 13.9 14.2 … … … … … … … …
B −4.7 −2.9 −1.7 0 2.0 3.7 5.4 7.2 9.0 … … … … … … … …

Titanium alloys (Grades 1, 2, 3, 7,and 12) A … … 4.5 4.6 4.7 4.8 4.8 4.9 4.9 5.0 5.1 … … … … … …
B … … −0.6 0 0.7 1.3 1.9 2.5 3.1 3.8 4.5 … … … … … …NOTES:(1) These data are for information and it is not to be implied that materials are suitable for all the temperature ranges shown.(2) Group 1 alloys (by nominal composition):Carbon steels (C, C–Si, C–Mn, and C–Mn–Si) 1Cr–1∕2Mo-V 3∕4Ni–1∕2Cu–MoC–1∕2Mo 11∕4Cr–1∕2Mo 3∕4Ni–1∕2Cr–1∕2Mo–V1∕2Cr–1∕5Mo–V 11∕4Cr–1∕2Mo–Si 3∕4Ni–1Mo–3∕4Cr1∕2Cr–1∕4Mo–Si 13∕4Cr–1∕2Mo–Cu 1Ni–1∕2Cr–1∕2Mo1∕2Cr–1∕2Mo 2Cr–1∕2Mo 11∕4Ni–1Cr–1∕2Mo1∕2Cr–1∕2Ni–1∕4Mo 21∕4Cr–1Mo 13∕4Ni–3∕4Cr–1∕4Mo3∕4Cr–1∕2Ni–Cu 3Cr–1Mo 2Ni–3∕4Cr–1∕4Mo3∕4Cr–3∕4Ni–Cu–Al 1∕2Ni–1∕2Mo–V 2Ni–3∕4Cr–1∕3Mo1Cr–1∕5Mo 1∕2Ni–1∕2Cr–1∕4Mo–V 21∕2Ni1Cr–1∕5Mo–Si 3∕4Ni–1∕2Mo–Cr–V 31∕2Ni1Cr–1∕2Mo 3∕4Ni–1∕2Mo–1∕3Cr–V 31∕2Ni–13∕4Cr–1∕2Mo–V

(3) Group 2 alloys (by nominal composition):Mn–V Mn–1∕2Mo Mn–1∕2Mo–1∕2NiMn–1∕4Mo Mn–1∕2Mo–1∕4Ni Mn–1∕2Mo–3∕4Ni
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A

B

Mean Coefficient of Thermal Expansion, 10 mm/mm/ C
in Going From 20 C to Indicated Temperature Note (1)

Linear Thermal Expansion, mm/m

6

Material
Coeffi-
cient

Temperature Range 20°C to Temperature Range 20°C to
−200 −100 −50 20 50 75 100 125 150 175 200 225 250 275 300 325 350 375 400 425 450 475 500 525 550 575 600 625 650 675 700 725 750 775 800Group 1 carbon and low alloysteels [Note (2)] A 9.9 10.7 11.1 11.5 11.8 11.9 12.1 12.3 12.4 12.6 12.7 12.9 13.0 13.2 13.3 13.4 13.6 13.7 13.8 14.0 14.1 14.2 14.4 14.5 14.6 14.7 14.8 14.9 15.0 15.1 15.1 15.2 15.3 15.3 15.4

B −2.2 −1.3 −0.8 0 0.4 0.7 1.0 1.3 1.6 2.0 2.3 2.6 3.0 3.4 3.7 4.1 4.5 4.9 5.3 5.7 6.1 6.5 6.9 7.3 7.7 8.2 8.6 9.0 9.4 9.9 10.3 10.7 11.1 11.6 12.0
Group 2 low alloy steels [Note (3)] A 10.8 11.7 12.0 12.6 12.8 13.0 13.1 13.2 13.4 13.5 13.6 13.7 13.8 13.9 14.0 14.1 14.2 14.3 14.4 14.5 14.6 14.6 14.7 14.8 14.8 14.9 15.0 15.0 15.1 15.1 15.2 15.2 15.3 15.3 15.3

B −2.4 −1.4 −0.8 0 0.4 0.7 1.0 1.4 1.7 2.1 2.4 2.8 3.2 3.6 3.9 4.3 4.7 5.1 5.5 5.9 6.3 6.7 7.1 7.5 7.9 8.3 8.7 9.1 9.5 9.9 10.3 10.7 11.1 11.1 11.5
5Cr–1Mo steels A 10.1 10.8 11.2 11.5 11.8 12.0 12.1 12.3 12.4 12.5 12.6 12.6 12.7 12.8 12.8 12.9 13.0 13.0 13.1 13.2 13.2 13.3 13.4 13.4 13.5 13.6 13.6 13.7 13.7 13.8 13.9 13.9 14.0 14.0 14.1

B −2.2 −1.3 −0.8 0 0.4 0.7 1.0 1.3 1.6 1.9 2.3 2.6 2.9 3.3 3.6 3.9 4.3 4.6 5.0 5.3 5.7 6.1 6.4 6.8 7.2 7.5 7.9 8.3 8.7 9.0 9.4 9.8 10.2 10.6 11.0
9Cr–1Mo steels A 9.0 9.8 10.1 10.5 10.6 10.7 10.9 11.0 11.1 11.2 11.3 11.4 11.5 11.6 11.7 11.8 11.9 11.9 12.0 12.1 12.2 12.3 12.3 12.4 12.5 12.6 12.7 12.7 12.8 12.9 13.0 13.1 13.3 13.4 13.6

B −2.0 −1.2 −0.7 0 0.3 0.6 0.9 1.2 1.4 1.7 2.0 2.3 2.6 3.0 3.3 3.6 3.9 4.2 4.6 4.9 5.2 5.6 5.9 6.3 6.6 7.0 7.3 7.7 8.1 8.5 8.9 9.3 9.7 10.1 10.6
Straight chromium stainless steels12Cr to 13Cr steels A 9.1 9.9 10.2 10.6 10.9 11.0 11.1 11.3 11.4 11.4 11.5 11.6 11.6 11.7 11.7 11.8 11.8 11.9 11.9 12.0 12.0 12.1 12.1 12.2 12.2 12.3 12.3 12.4 12.4 12.5 12.5 12.5 12.5 12.6 12.6

B −2.0 −1.2 −0.7 0 0.3 0.6 0.9 1.2 1.5 1.8 2.1 2.4 2.7 3.0 3.3 3.6 3.9 4.2 4.5 4.9 5.2 5.5 5.8 6.2 6.5 6.8 7.2 7.5 7.8 8.2 8.5 8.8 9.2 9.5 9.8
15Cr to 17Cr steels A 8.1 8.8 9.1 9.6 9.7 9.9 10.0 10.1 10.2 10.3 10.4 10.5 10.6 10.7 10.8 10.8 10.9 11.0 11.0 11.1 11.2 11.2 11.3 11.3 11.4 11.4 11.5 11.5 11.5 11.6 11.6 11.7 11.7 11.8 11.9

B −1.8 −1.1 −0.6 0 0.3 0.5 0.8 1.1 1.3 1.6 1.9 2.2 2.4 2.7 3.0 3.3 3.6 3.9 4.2 4.5 4.8 5.1 5.4 5.7 6.0 6.3 6.6 7.0 7.3 7.6 7.9 8.2 8.6 8.9 9.3
27Cr steels A 7.7 8.5 8.7 9.0 9.2 9.2 9.3 9.4 9.4 9.5 9.5 9.6 9.6 9.7 9.7 9.8 9.9 9.9 10.0 10.0 10.1 10.2 10.2 10.3 10.4 10.4 10.5 10.5 10.6 10.6 10.7 10.7 10.8 10.8 10.9

B −1.7 −1.0 −0.6 0 0.3 0.5 0.7 1.0 1.2 1.5 1.7 2.0 2.2 2.5 2.7 3.0 3.3 3.5 3.8 4.1 4.3 4.6 4.9 5.2 5.5 5.8 6.1 6.4 6.7 7.0 7.2 7.6 7.9 8.2 8.5
Austenitic stainless steels (304,305, 316, 317, 321, 347, 348,19-9DL, XM-15, etc.) A 13.5 14.3 14.7 15.3 15.6 15.9 16.2 16.4 16.6 16.8 17.0 17.2 17.4 17.5 17.7 17.8 17.9 18.0 18.1 18.2 18.3 18.4 18.4 18.5 18.6 18.7 18.8 18.9 19.0 19.1 19.2 19.3 19.4 19.4 19.4

B −3.0 −1.7 −1.0 0 0.5 0.9 1.3 1.7 2.2 2.6 3.1 3.5 4.0 4.5 4.9 5.4 5.9 6.4 6.9 7.4 7.9 8.3 8.9 9.4 9.9 10.4 10.9 11.4 12.0 12.5 13.1 13.6 14.1 14.7 15.2
Other austenitic stainless steels(309, 310, 315, XM-19, etc.) A 12.8 13.6 14.1 14.7 15.0 15.2 15.4 15.6 15.7 15.9 16.0 16.1 16.3 16.4 16.5 16.6 16.6 16.7 16.8 16.9 17.0 17.1 17.2 17.2 17.3 17.4 17.5 17.6 17.7 17.8 17.9 18.0 18.1 18.2 18.3

B −2.8 −1.6 −1.0 0 0.4 0.8 1.2 1.6 2.0 2.5 2.9 3.3 3.7 4.2 4.6 5.0 5.5 5.9 6.4 6.8 7.3 7.8 8.2 8.7 9.2 9.7 10.2 10.6 11.1 11.7 12.2 12.7 13.2 13.7 14.3
Gray cast iron A … … … 9.8 10.1 10.2 10.4 10.5 10.7 10.8 11.0 11.1 11.2 11.4 11.5 11.7 11.8 12.0 12.1 12.3 12.4 12.6 12.7 12.9 13.0 … … … … … … … … … …

B … … … 0 0.3 0.6 0.8 1.1 1.4 1.7 2.0 2.3 2.6 2.9 3.2 3.6 3.9 4.2 4.6 5.0 5.3 5.7 6.1 6.5 6.9 … … … … … … … … … …
Ductile cast iron A … 8.8 9.5 10.3 10.5 10.7 10.9 11.1 11.3 11.6 11.8 12.0 12.2 12.4 12.5 12.6 12.8 12.9 13.0 13.1 13.2 13.2 13.3 13.4 13.5 … … … … … … … … … …

B … −1.1 −0.7 0 0.3 0.6 0.9 1.2 1.5 1.8 2.1 2.5 2.8 3.1 3.5 3.9 4.2 4.6 4.9 5.3 5.7 6.0 6.4 6.8 7.2 … … … … … … … … … …
Monel (67Ni–30Cu) N04400 A 10.4 12.2 13.0 13.8 14.1 14.4 14.6 14.8 15.0 15.1 15.3 15.4 15.5 15.6 15.7 15.8 15.9 16.0 16.0 16.1 16.1 16.2 16.2 16.3 16.3 16.4 16.4 16.5 16.5 16.5 16.6 16.6 16.7 16.7 16.8

B −2.3 −1.5 −0.9 0 0.4 0.8 1.2 1.6 1.9 2.3 2.8 3.2 3.6 4.0 4.4 4.8 5.2 5.7 6.1 6.5 6.9 7.4 7.8 8.2 8.6 9.1 9.5 10.0 10.4 10.8 11.3 11.7 12.2 12.6 13.1
Nickel alloys N02200 and N02201 A 9.6 10.8 11.4 11.9 12.4 12.7 13.0 13.3 13.5 13.7 13.9 14.0 14.2 14.3 14.4 14.5 14.6 14.7 14.8 14.9 15.0 15.1 15.2 15.3 15.4 15.5 15.6 15.6 15.7 15.8 15.9 15.9 16.0 16.1 16.2B −2.2 −1.4 −0.8 0 0.4 0.7 1.0 1.4 1.8 2.1 2.5 2.9 3.3 3.6 4.0 4.4 4.8 5.2 5.6 6.0 6.5 6.9 7.3 7.7 8.2 8.6 9.0 9.5 9.9 10.3 10.8 11.2 11.7 12.2 12.6
Nickel alloy N06022 A … … … 12.4 12.4 12.4 12.4 12.4 12.4 12.4 12.4 12.5 12.5 12.6 12.6 12.7 12.8 12.9 13.0 13.2 13.3 13.5 13.6 13.8 13.9 14.1 14.3 14.4 14.6 14.8 14.9 15.1 15.2 15.4 15.6

B … … … 0 0.4 0.7 1.0 1.3 1.6 1.9 2.2 2.6 2.9 3.2 3.5 3.9 4.2 4.6 5.0 5.3 5.7 6.1 6.5 7.0 7.4 7.8 8.3 8.7 9.2 9.7 10.1 10.6 11.1 11.6 12.1
Nickel alloy N06600 A 9.9 10.8 11.5 12.3 12.5 12.7 12.8 13.0 13.2 13.3 13.5 13.6 13.7 13.8 14.0 14.1 14.2 14.3 14.4 14.5 14.6 14.7 14.8 14.9 15.0 15.1 15.2 15.3 15.4 15.6 15.7 15.8 15.9 16.1 16.2

B −2.2 −1.3 −0.8 0 0.4 0.7 1.0 1.4 1.7 2.1 2.4 2.8 3.2 3.5 3.9 4.3 4.7 5.1 5.5 5.9 6.3 6.7 7.1 7.5 7.9 8.4 8.8 9.3 9.7 10.2 10.7 11.1 11.6 12.1 12.6
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Mean Coefficient of Thermal Expansion, 10 mm/mm/ C
in Going From 20 C to Indicated Temperature Note (1)

Linear Thermal Expansion, mm/m

6

Material
Coeffi-
cient

Temperature Range 20°C to Temperature Range 20°C to
−200 −100 −50 20 50 75 100 125 150 175 200 225 250 275 300 325 350 375 400 425 450 475 500 525 550 575 600 625 650 675 700 725 750 775 800Group 1 carbon and low alloysteels [Note (2)] A 9.9 10.7 11.1 11.5 11.8 11.9 12.1 12.3 12.4 12.6 12.7 12.9 13.0 13.2 13.3 13.4 13.6 13.7 13.8 14.0 14.1 14.2 14.4 14.5 14.6 14.7 14.8 14.9 15.0 15.1 15.1 15.2 15.3 15.3 15.4

B −2.2 −1.3 −0.8 0 0.4 0.7 1.0 1.3 1.6 2.0 2.3 2.6 3.0 3.4 3.7 4.1 4.5 4.9 5.3 5.7 6.1 6.5 6.9 7.3 7.7 8.2 8.6 9.0 9.4 9.9 10.3 10.7 11.1 11.6 12.0
Group 2 low alloy steels [Note (3)] A 10.8 11.7 12.0 12.6 12.8 13.0 13.1 13.2 13.4 13.5 13.6 13.7 13.8 13.9 14.0 14.1 14.2 14.3 14.4 14.5 14.6 14.6 14.7 14.8 14.8 14.9 15.0 15.0 15.1 15.1 15.2 15.2 15.3 15.3 15.3

B −2.4 −1.4 −0.8 0 0.4 0.7 1.0 1.4 1.7 2.1 2.4 2.8 3.2 3.6 3.9 4.3 4.7 5.1 5.5 5.9 6.3 6.7 7.1 7.5 7.9 8.3 8.7 9.1 9.5 9.9 10.3 10.7 11.1 11.1 11.5
5Cr–1Mo steels A 10.1 10.8 11.2 11.5 11.8 12.0 12.1 12.3 12.4 12.5 12.6 12.6 12.7 12.8 12.8 12.9 13.0 13.0 13.1 13.2 13.2 13.3 13.4 13.4 13.5 13.6 13.6 13.7 13.7 13.8 13.9 13.9 14.0 14.0 14.1

B −2.2 −1.3 −0.8 0 0.4 0.7 1.0 1.3 1.6 1.9 2.3 2.6 2.9 3.3 3.6 3.9 4.3 4.6 5.0 5.3 5.7 6.1 6.4 6.8 7.2 7.5 7.9 8.3 8.7 9.0 9.4 9.8 10.2 10.6 11.0
9Cr–1Mo steels A 9.0 9.8 10.1 10.5 10.6 10.7 10.9 11.0 11.1 11.2 11.3 11.4 11.5 11.6 11.7 11.8 11.9 11.9 12.0 12.1 12.2 12.3 12.3 12.4 12.5 12.6 12.7 12.7 12.8 12.9 13.0 13.1 13.3 13.4 13.6

B −2.0 −1.2 −0.7 0 0.3 0.6 0.9 1.2 1.4 1.7 2.0 2.3 2.6 3.0 3.3 3.6 3.9 4.2 4.6 4.9 5.2 5.6 5.9 6.3 6.6 7.0 7.3 7.7 8.1 8.5 8.9 9.3 9.7 10.1 10.6
Straight chromium stainless steels12Cr to 13Cr steels A 9.1 9.9 10.2 10.6 10.9 11.0 11.1 11.3 11.4 11.4 11.5 11.6 11.6 11.7 11.7 11.8 11.8 11.9 11.9 12.0 12.0 12.1 12.1 12.2 12.2 12.3 12.3 12.4 12.4 12.5 12.5 12.5 12.5 12.6 12.6

B −2.0 −1.2 −0.7 0 0.3 0.6 0.9 1.2 1.5 1.8 2.1 2.4 2.7 3.0 3.3 3.6 3.9 4.2 4.5 4.9 5.2 5.5 5.8 6.2 6.5 6.8 7.2 7.5 7.8 8.2 8.5 8.8 9.2 9.5 9.8
15Cr to 17Cr steels A 8.1 8.8 9.1 9.6 9.7 9.9 10.0 10.1 10.2 10.3 10.4 10.5 10.6 10.7 10.8 10.8 10.9 11.0 11.0 11.1 11.2 11.2 11.3 11.3 11.4 11.4 11.5 11.5 11.5 11.6 11.6 11.7 11.7 11.8 11.9

B −1.8 −1.1 −0.6 0 0.3 0.5 0.8 1.1 1.3 1.6 1.9 2.2 2.4 2.7 3.0 3.3 3.6 3.9 4.2 4.5 4.8 5.1 5.4 5.7 6.0 6.3 6.6 7.0 7.3 7.6 7.9 8.2 8.6 8.9 9.3
27Cr steels A 7.7 8.5 8.7 9.0 9.2 9.2 9.3 9.4 9.4 9.5 9.5 9.6 9.6 9.7 9.7 9.8 9.9 9.9 10.0 10.0 10.1 10.2 10.2 10.3 10.4 10.4 10.5 10.5 10.6 10.6 10.7 10.7 10.8 10.8 10.9

B −1.7 −1.0 −0.6 0 0.3 0.5 0.7 1.0 1.2 1.5 1.7 2.0 2.2 2.5 2.7 3.0 3.3 3.5 3.8 4.1 4.3 4.6 4.9 5.2 5.5 5.8 6.1 6.4 6.7 7.0 7.2 7.6 7.9 8.2 8.5
Austenitic stainless steels (304,305, 316, 317, 321, 347, 348,19-9DL, XM-15, etc.) A 13.5 14.3 14.7 15.3 15.6 15.9 16.2 16.4 16.6 16.8 17.0 17.2 17.4 17.5 17.7 17.8 17.9 18.0 18.1 18.2 18.3 18.4 18.4 18.5 18.6 18.7 18.8 18.9 19.0 19.1 19.2 19.3 19.4 19.4 19.4

B −3.0 −1.7 −1.0 0 0.5 0.9 1.3 1.7 2.2 2.6 3.1 3.5 4.0 4.5 4.9 5.4 5.9 6.4 6.9 7.4 7.9 8.3 8.9 9.4 9.9 10.4 10.9 11.4 12.0 12.5 13.1 13.6 14.1 14.7 15.2
Other austenitic stainless steels(309, 310, 315, XM-19, etc.) A 12.8 13.6 14.1 14.7 15.0 15.2 15.4 15.6 15.7 15.9 16.0 16.1 16.3 16.4 16.5 16.6 16.6 16.7 16.8 16.9 17.0 17.1 17.2 17.2 17.3 17.4 17.5 17.6 17.7 17.8 17.9 18.0 18.1 18.2 18.3

B −2.8 −1.6 −1.0 0 0.4 0.8 1.2 1.6 2.0 2.5 2.9 3.3 3.7 4.2 4.6 5.0 5.5 5.9 6.4 6.8 7.3 7.8 8.2 8.7 9.2 9.7 10.2 10.6 11.1 11.7 12.2 12.7 13.2 13.7 14.3
Gray cast iron A … … … 9.8 10.1 10.2 10.4 10.5 10.7 10.8 11.0 11.1 11.2 11.4 11.5 11.7 11.8 12.0 12.1 12.3 12.4 12.6 12.7 12.9 13.0 … … … … … … … … … …

B … … … 0 0.3 0.6 0.8 1.1 1.4 1.7 2.0 2.3 2.6 2.9 3.2 3.6 3.9 4.2 4.6 5.0 5.3 5.7 6.1 6.5 6.9 … … … … … … … … … …
Ductile cast iron A … 8.8 9.5 10.3 10.5 10.7 10.9 11.1 11.3 11.6 11.8 12.0 12.2 12.4 12.5 12.6 12.8 12.9 13.0 13.1 13.2 13.2 13.3 13.4 13.5 … … … … … … … … … …

B … −1.1 −0.7 0 0.3 0.6 0.9 1.2 1.5 1.8 2.1 2.5 2.8 3.1 3.5 3.9 4.2 4.6 4.9 5.3 5.7 6.0 6.4 6.8 7.2 … … … … … … … … … …
Monel (67Ni–30Cu) N04400 A 10.4 12.2 13.0 13.8 14.1 14.4 14.6 14.8 15.0 15.1 15.3 15.4 15.5 15.6 15.7 15.8 15.9 16.0 16.0 16.1 16.1 16.2 16.2 16.3 16.3 16.4 16.4 16.5 16.5 16.5 16.6 16.6 16.7 16.7 16.8

B −2.3 −1.5 −0.9 0 0.4 0.8 1.2 1.6 1.9 2.3 2.8 3.2 3.6 4.0 4.4 4.8 5.2 5.7 6.1 6.5 6.9 7.4 7.8 8.2 8.6 9.1 9.5 10.0 10.4 10.8 11.3 11.7 12.2 12.6 13.1
Nickel alloys N02200 and N02201 A 9.6 10.8 11.4 11.9 12.4 12.7 13.0 13.3 13.5 13.7 13.9 14.0 14.2 14.3 14.4 14.5 14.6 14.7 14.8 14.9 15.0 15.1 15.2 15.3 15.4 15.5 15.6 15.6 15.7 15.8 15.9 15.9 16.0 16.1 16.2B −2.2 −1.4 −0.8 0 0.4 0.7 1.0 1.4 1.8 2.1 2.5 2.9 3.3 3.6 4.0 4.4 4.8 5.2 5.6 6.0 6.5 6.9 7.3 7.7 8.2 8.6 9.0 9.5 9.9 10.3 10.8 11.2 11.7 12.2 12.6
Nickel alloy N06022 A … … … 12.4 12.4 12.4 12.4 12.4 12.4 12.4 12.4 12.5 12.5 12.6 12.6 12.7 12.8 12.9 13.0 13.2 13.3 13.5 13.6 13.8 13.9 14.1 14.3 14.4 14.6 14.8 14.9 15.1 15.2 15.4 15.6

B … … … 0 0.4 0.7 1.0 1.3 1.6 1.9 2.2 2.6 2.9 3.2 3.5 3.9 4.2 4.6 5.0 5.3 5.7 6.1 6.5 7.0 7.4 7.8 8.3 8.7 9.2 9.7 10.1 10.6 11.1 11.6 12.1
Nickel alloy N06600 A 9.9 10.8 11.5 12.3 12.5 12.7 12.8 13.0 13.2 13.3 13.5 13.6 13.7 13.8 14.0 14.1 14.2 14.3 14.4 14.5 14.6 14.7 14.8 14.9 15.0 15.1 15.2 15.3 15.4 15.6 15.7 15.8 15.9 16.1 16.2

B −2.2 −1.3 −0.8 0 0.4 0.7 1.0 1.4 1.7 2.1 2.4 2.8 3.2 3.5 3.9 4.3 4.7 5.1 5.5 5.9 6.3 6.7 7.1 7.5 7.9 8.4 8.8 9.3 9.7 10.2 10.7 11.1 11.6 12.1 12.6
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Material
Coeffi-
cient

Temperature Range 20°C to Temperature Range 20°C to
−200 −100 −50 20 50 75 100 125 150 175 200 225 250 275 300 325 350 375 400 425 450 475 500 525 550 575 600 625 650 675 700 725 750 775 800

Nickel alloy N06625 A … … … 12.0 12.4 12.6 12.8 12.9 13.0 13.1 13.2 13.2 13.2 13.3 13.3 13.3 13.4 13.5 13.5 13.6 13.7 13.8 14.0 14.1 14.2 14.3 14.5 14.6 14.8 14.9 15.0 15.1 15.3 15.4 15.6
B … … … 0 0.4 0.7 1.0 1.4 1.7 2.0 2.4 2.7 3.0 3.4 3.7 4.1 4.4 4.8 5.1 5.5 5.9 6.3 6.7 7.1 7.5 8.0 8.4 8.8 9.3 9.8 10.2 10.7 11.2 11.6 12.1

Nickel alloys N08800 and N08810 A 10.6 12.5 13.3 14.2 14.6 14.9 15.1 15.3 15.5 15.6 15.8 15.9 16.0 16.1 16.2 16.3 16.4 16.5 16.5 16.6 16.7 16.8 16.8 16.9 17.0 17.1 17.2 17.2 17.3 17.4 17.5 17.6 17.7 17.8 17.9
B −2.3 −1.5 −0.9 0 0.4 0.8 1.2 1.6 2.0 2.4 2.8 3.3 3.7 4.1 4.5 5.0 5.4 5.8 6.3 6.7 7.2 7.6 8.1 8.5 9.0 9.5 9.9 10.4 10.9 11.4 11.9 12.4 12.9 13.4 14.0

Nickel alloy N08825 A … … 12.9 13.5 13.6 13.7 13.9 14.0 14.2 14.3 14.4 14.4 14.5 14.6 14.7 14.8 14.9 15.0 15.1 15.1 15.2 15.3 15.4 15.5 15.6 … … … … … … … … … …
B … … −0.9 0 0.4 0.8 1.1 1.5 1.8 2.2 2.6 3.0 3.3 3.7 4.1 4.5 4.9 5.3 5.7 6.1 6.5 7.0 7.4 7.8 8.3 … … … … … … … … … …

Nickel alloy N10276 A … … … 10.8 11.0 11.2 11.4 11.6 11.7 11.9 12.0 12.2 12.4 12.5 12.6 12.8 12.9 13.0 13.1 13.2 13.3 13.4 13.5 13.6 13.7 13.8 13.9 14.0 14.1 14.2 14.3 14.3 14.4 14.5 14.6
B … … … 0 0.3 0.6 0.9 1.2 1.5 1.8 2.2 2.5 2.8 3.2 3.5 3.9 4.3 4.6 5.0 5.4 5.7 6.1 6.5 6.9 7.3 7.7 8.1 8.5 8.9 9.3 9.7 10.1 10.5 10.9 11.4

Copper alloys C1XXXX series A 13.9 15.7 16.2 16.7 17.0 17.2 17.3 17.4 17.5 17.6 17.7 17.8 17.8 17.9 18.0 18.0 … … … … … … … … … … … … … … … … … … …
B −3.1 −1.9 −1.1 0 0.5 0.9 1.4 1.8 2.3 2.7 3.2 3.6 4.1 4.6 5.0 5.5 … … … … … … … … … … … … … … … … … … …

Bronze alloys A 15.1 15.8 16.4 17.2 17.6 17.9 18.0 18.2 18.2 18.3 18.4 18.5 18.5 18.6 18.7 18.8 18.9 19.0 19.0 19.1 19.2 19.3 19.4 19.4 19.5 19.6 19.7 19.7 19.8 … … … … … …
B −3.3 −1.9 −1.1 0 0.5 1.0 1.4 1.9 2.4 2.8 3.3 3.8 4.3 4.7 5.2 5.7 6.2 6.7 7.2 7.7 8.3 8.8 9.3 9.8 10.3 10.9 11.4 11.9 12.5 … … … … … …

Brass alloys A 14.7 15.4 16.0 16.7 17.1 17.4 17.6 17.8 18.0 18.2 18.4 18.6 18.8 19.0 19.2 19.3 19.5 19.6 19.8 20.1 20.3 20.5 20.7 20.8 21.0 21.2 21.4 21.6 21.8 … … … … … …
B −3.2 −1.9 −1.1 0 0.5 1.0 1.4 1.9 2.3 2.8 3.3 3.8 4.3 4.8 5.4 5.9 6.4 7.0 7.5 8.2 8.7 9.3 9.9 10.5 11.1 11.8 12.4 13.1 13.7 … … … … … …

Copper–nickel (70Cu–30Ni) A 11.9 13.4 14.0 14.5 14.9 15.2 15.3 15.5 15.7 15.8 16.0 16.1 16.3 16.4 16.5 16.5 16.6 16.6 16.7 … … … … … … … … … … … … … … … …
B −2.6 −1.6 −1.0 0 0.4 0.8 1.2 1.6 2.0 2.5 2.9 3.3 3.7 4.2 4.6 5.0 5.5 5.9 6.3 … … … … … … … … … … … … … … … …

Aluminum alloys A 18.0 19.7 20.8 21.7 22.6 23.1 23.4 23.7 23.9 24.2 24.4 24.7 25.0 25.2 25.5 25.6 … … … … … … … … … … … … … … … … … … …
B −4.0 −2.4 −1.5 0 0.7 1.3 1.9 2.5 3.1 3.7 4.4 5.1 5.7 6.4 7.1 7.8 … … … … … … … … … … … … … … … … … … …

Titanium alloys (Grades 1, 2, 3, 7,and 12) A … … 8.2 8.3 8.4 8.5 8.5 8.6 8.6 8.6 8.7 8.7 8.7 8.8 8.8 8.8 8.9 8.9 9.0 9.2 … … … … … … … … … … … … … … …
B … … −0.6 0 0.3 0.5 0.7 0.9 1.1 1.3 1.6 1.8 2.0 2.2 2.5 2.7 2.9 3.2 3.4 3.7 … … … … … … … … … … … … … … …

Table B-1 (SI) Thermal Expansion Data (Cont’d)
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}= °
° [ ]

=

A

B

Mean Coefficient of Thermal Expansion, 10 mm/mm/ C
in Going From 20 C to Indicated Temperature Note (1)

Linear Thermal Expansion, mm/m

6

Material
Coeffi-
cient

Temperature Range 20°C to Temperature Range 20°C to
−200 −100 −50 20 50 75 100 125 150 175 200 225 250 275 300 325 350 375 400 425 450 475 500 525 550 575 600 625 650 675 700 725 750 775 800

Nickel alloy N06625 A … … … 12.0 12.4 12.6 12.8 12.9 13.0 13.1 13.2 13.2 13.2 13.3 13.3 13.3 13.4 13.5 13.5 13.6 13.7 13.8 14.0 14.1 14.2 14.3 14.5 14.6 14.8 14.9 15.0 15.1 15.3 15.4 15.6
B … … … 0 0.4 0.7 1.0 1.4 1.7 2.0 2.4 2.7 3.0 3.4 3.7 4.1 4.4 4.8 5.1 5.5 5.9 6.3 6.7 7.1 7.5 8.0 8.4 8.8 9.3 9.8 10.2 10.7 11.2 11.6 12.1

Nickel alloys N08800 and N08810 A 10.6 12.5 13.3 14.2 14.6 14.9 15.1 15.3 15.5 15.6 15.8 15.9 16.0 16.1 16.2 16.3 16.4 16.5 16.5 16.6 16.7 16.8 16.8 16.9 17.0 17.1 17.2 17.2 17.3 17.4 17.5 17.6 17.7 17.8 17.9
B −2.3 −1.5 −0.9 0 0.4 0.8 1.2 1.6 2.0 2.4 2.8 3.3 3.7 4.1 4.5 5.0 5.4 5.8 6.3 6.7 7.2 7.6 8.1 8.5 9.0 9.5 9.9 10.4 10.9 11.4 11.9 12.4 12.9 13.4 14.0

Nickel alloy N08825 A … … 12.9 13.5 13.6 13.7 13.9 14.0 14.2 14.3 14.4 14.4 14.5 14.6 14.7 14.8 14.9 15.0 15.1 15.1 15.2 15.3 15.4 15.5 15.6 … … … … … … … … … …
B … … −0.9 0 0.4 0.8 1.1 1.5 1.8 2.2 2.6 3.0 3.3 3.7 4.1 4.5 4.9 5.3 5.7 6.1 6.5 7.0 7.4 7.8 8.3 … … … … … … … … … …

Nickel alloy N10276 A … … … 10.8 11.0 11.2 11.4 11.6 11.7 11.9 12.0 12.2 12.4 12.5 12.6 12.8 12.9 13.0 13.1 13.2 13.3 13.4 13.5 13.6 13.7 13.8 13.9 14.0 14.1 14.2 14.3 14.3 14.4 14.5 14.6
B … … … 0 0.3 0.6 0.9 1.2 1.5 1.8 2.2 2.5 2.8 3.2 3.5 3.9 4.3 4.6 5.0 5.4 5.7 6.1 6.5 6.9 7.3 7.7 8.1 8.5 8.9 9.3 9.7 10.1 10.5 10.9 11.4

Copper alloys C1XXXX series A 13.9 15.7 16.2 16.7 17.0 17.2 17.3 17.4 17.5 17.6 17.7 17.8 17.8 17.9 18.0 18.0 … … … … … … … … … … … … … … … … … … …
B −3.1 −1.9 −1.1 0 0.5 0.9 1.4 1.8 2.3 2.7 3.2 3.6 4.1 4.6 5.0 5.5 … … … … … … … … … … … … … … … … … … …

Bronze alloys A 15.1 15.8 16.4 17.2 17.6 17.9 18.0 18.2 18.2 18.3 18.4 18.5 18.5 18.6 18.7 18.8 18.9 19.0 19.0 19.1 19.2 19.3 19.4 19.4 19.5 19.6 19.7 19.7 19.8 … … … … … …
B −3.3 −1.9 −1.1 0 0.5 1.0 1.4 1.9 2.4 2.8 3.3 3.8 4.3 4.7 5.2 5.7 6.2 6.7 7.2 7.7 8.3 8.8 9.3 9.8 10.3 10.9 11.4 11.9 12.5 … … … … … …

Brass alloys A 14.7 15.4 16.0 16.7 17.1 17.4 17.6 17.8 18.0 18.2 18.4 18.6 18.8 19.0 19.2 19.3 19.5 19.6 19.8 20.1 20.3 20.5 20.7 20.8 21.0 21.2 21.4 21.6 21.8 … … … … … …
B −3.2 −1.9 −1.1 0 0.5 1.0 1.4 1.9 2.3 2.8 3.3 3.8 4.3 4.8 5.4 5.9 6.4 7.0 7.5 8.2 8.7 9.3 9.9 10.5 11.1 11.8 12.4 13.1 13.7 … … … … … …

Copper–nickel (70Cu–30Ni) A 11.9 13.4 14.0 14.5 14.9 15.2 15.3 15.5 15.7 15.8 16.0 16.1 16.3 16.4 16.5 16.5 16.6 16.6 16.7 … … … … … … … … … … … … … … … …
B −2.6 −1.6 −1.0 0 0.4 0.8 1.2 1.6 2.0 2.5 2.9 3.3 3.7 4.2 4.6 5.0 5.5 5.9 6.3 … … … … … … … … … … … … … … … …

Aluminum alloys A 18.0 19.7 20.8 21.7 22.6 23.1 23.4 23.7 23.9 24.2 24.4 24.7 25.0 25.2 25.5 25.6 … … … … … … … … … … … … … … … … … … …
B −4.0 −2.4 −1.5 0 0.7 1.3 1.9 2.5 3.1 3.7 4.4 5.1 5.7 6.4 7.1 7.8 … … … … … … … … … … … … … … … … … … …

Titanium alloys (Grades 1, 2, 3, 7,and 12) A … … 8.2 8.3 8.4 8.5 8.5 8.6 8.6 8.6 8.7 8.7 8.7 8.8 8.8 8.8 8.9 8.9 9.0 9.2 … … … … … … … … … … … … … … …
B … … −0.6 0 0.3 0.5 0.7 0.9 1.1 1.3 1.6 1.8 2.0 2.2 2.5 2.7 2.9 3.2 3.4 3.7 … … … … … … … … … … … … … … …

Table B-1 (SI) Thermal Expansion Data (Cont’d)
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Table B-1 (SI) Thermal Expansion Data (Cont’d)NOTES:(1) These data are for information and it is not to be implied that materials are suitable for all the temperature ranges shown.(2) Group 1 alloys (by nominal composition):Carbon steels (C, C–Si, C–Mn, and C–Mn–Si) 1Cr–1∕2Mo–V 3∕4Ni–1∕2Cu–MoC–1∕2Mo 11∕4Cr–1∕2Mo 3∕4Ni–1∕2Cr–1∕2Mo–V1∕2Cr–1∕5Mo–V 11∕4Cr–1∕2Mo–Si 3∕4Ni–1Mo–3∕4Cr1∕2Cr–1∕4Mo–Si 13∕4Cr–1∕2Mo–Cu 1Ni–1∕2Cr–1∕2Mo1∕2Cr–1∕2Mo 2Cr–1∕2Mo 11∕4Ni–1Cr–1∕2Mo1∕2Cr–1∕2Ni–1∕4Mo 21∕4Cr–1Mo 13∕4Ni–3∕4Cr–1∕4Mo3∕4Cr–1∕2Ni–Cu 3Cr–1Mo 2Ni–3∕4Cr–1∕4Mo3∕4Cr–3∕4Ni–Cu–Al 1∕2Ni–1∕2Mo–V 2Ni–3∕4Cr–1∕3Mo1Cr–1∕5Mo 1∕2Ni–1∕2Cr–1∕4Mo–V 21∕2Ni1Cr–1∕5Mo–Si 3∕4Ni–1∕2Mo–Cr–V 31∕2Ni1Cr–1∕2Mo 3∕4Ni–1∕2Mo–1∕3Cr–V 31∕2Ni–13∕4Cr–1∕2Mo–V(3) Group 2 alloys (by nominal composition):Mn–V Mn–1∕2Mo Mn–1∕2Mo–1∕2NiMn–1∕4Mo Mn–1∕2Mo–1∕4Ni Mn–1∕2Mo–3∕4Ni
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MANDATORY APPENDIX C
MODULI OF ELASTICITY
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Table C-1 Moduli of Elasticity for Ferrous Material

Material

E = Modulus of Elasticity, psi (Multiply Tabulated Values by 106) [Note (1)]
Temperature, °F

−100 70 200 300 400 500 600 700 800 900 1,000 1,100 1,200 1,300 1,400 1,500Carbon steels with carboncontent 0.30% or less 30.3 29.4 28.8 28.3 27.4 27.3 26.5 25.5 24.2 22.5 20.4 18.0 … … … …
Carbon steels with carboncontent above 0.30% 30.1 29.2 28.6 28.1 27.7 27.1 26.4 25.3 24.0 22.3 20.2 17.9 15.4 … … …
Carbon–molybdenum steels 30.0 29.0 28.5 28.0 27.6 27.0 26.3 25.3 23.9 22.2 20.1 17.8 15.3 … … …
Nickel steels 28.6 27.8 27.1 26.7 26.2 25.7 25.1 24.6 23.9 23.2 22.4 21.5 20.4 19.2 17.7 …
Chromium steels:1∕2Cr through 2Cr 30.5 29.6 29.0 28.5 28.0 27.4 26.9 26.2 25.6 24.8 23.9 23.0 21.8 20.5 18.9 …21∕4Cr through 3Cr 31.4 30.6 29.9 29.4 28.8 28.3 27.7 27.0 26.3 25.6 24.7 23.7 22.5 21.1 19.4 …5Cr through 9Cr 31.9 31.0 30.3 29.7 29.2 28.6 28.1 27.5 26.9 26.2 25.4 24.4 23.3 22.0 20.5 …
Austenitic stainless steels:Type 304, 18Cr–8Ni 29.2 28.3 27.5 27.0 26.4 25.9 25.3 24.8 24.1 23.5 22.8 22.0 21.2 20.3 19.2 18.1Type 310, 25Cr–20Ni 29.2 28.3 27.5 27.0 26.4 25.9 25.3 24.8 24.1 23.5 22.8 22.0 21.2 20.3 19.2 18.1Type 316, 16Cr–12Ni–2Mo 29.2 28.3 27.5 27.0 26.4 25.9 25.3 24.8 24.1 23.5 22.8 22.0 21.2 20.3 19.2 18.1Type 321, 18Cr–10Ni–Ti 29.2 28.3 27.5 27.0 26.4 25.9 25.3 24.8 24.1 23.5 22.8 22.0 21.2 20.3 19.2 18.1Type 347, 18Cr–10Ni–Cb 29.2 28.3 27.5 27.0 26.4 25.9 25.3 24.8 24.1 23.5 22.8 22.0 21.2 20.3 19.2 18.1Type 309, 23Cr–12Ni 29.2 28.3 27.5 27.0 26.4 25.9 25.3 24.8 24.1 23.5 22.8 22.0 21.2 20.3 19.2 18.1
Straight chromium stainlesssteels (12Cr, 17Cr, 27Cr) 30.2 29.2 28.4 27.9 27.3 26.8 26.2 25.5 24.5 23.2 21.5 19.2 16.5 … … …
Gray cast iron … 13.4 13.2 12.9 12.6 12.2 11.7 11.0 10.2 … … … … … … …NOTE: (1) These data are for information and it is not to be implied that materials are suitable for all the temperature ranges shown.

ASM
E
B31.1-2020

244



Table C-1 (SI) Moduli of Elasticity for Ferrous Material

Material

E = Modulus of Elasticity, MPa (Multiply Tabulated Values by 103) [Note (1)]
Temperature, °C

−75 25 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800Carbon steels with carboncontent 0.30% or less 209 202 198 195 192 189 185 179 171 162 151 137 122 107 … … …
Carbon steels with carboncontent above 0.30% 207 201 197 194 191 188 183 178 170 161 149 136 121 106 … … …
Carbon–molybdenum steels 207 200 196 193 190 187 183 177 170 160 149 135 121 106 … … …
Nickel steels 197 191 187 184 181 178 174 171 167 163 158 153 147 141 133 … …
Chromium steels:1∕2Cr through 2Cr 210 204 200 197 193 190 186 183 179 174 169 164 157 150 142 … …21∕4Cr through 3Cr 217 210 206 202 199 196 192 188 184 180 175 169 162 155 146 … …5Cr through 9Cr 220 213 208 205 201 198 195 191 187 183 179 174 168 161 153 … …
Austenitic stainless steels:Type 304, 18Cr–8Ni 201 195 189 186 183 179 176 172 169 165 160 156 151 146 140 134 127Type 310, 25Cr–20Ni 201 195 189 186 183 179 176 172 169 165 160 156 151 146 140 134 127Type 316, 16Cr–12Ni–2Mo 201 195 189 186 183 179 176 172 169 165 160 156 151 146 140 134 127Type 321, 18Cr–10Ni–Ti 201 195 189 186 183 179 176 172 169 165 160 156 151 146 140 134 127Type 347, 18Cr–10Ni–Cb 201 195 189 186 183 179 176 172 169 165 160 156 151 146 140 134 127Type 309. 23Cr–12Ni 201 195 189 186 183 179 176 172 169 165 160 156 151 146 140 134 127
Straight chromium stainlesssteels (12Cr, 17Cr, 27Cr) 208 201 195 192 189 186 182 178 173 166 157 145 131 … … … …
Gray cast iron … 92 91 89 87 85 82 78 73 67 … … … … … … …NOTE: (1) These data are for information and it is not to be implied that materials are suitable for all the temperature ranges shown.
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Table C-2ð20Þ Moduli of Elasticity for Nonferrous Material

Materials

E = Modulus of Elasticity, psi (Multiply Tabulated Values by 106) [Note (1)]
Temperature, °F

−100 70 200 300 400 500 600 700 800 900 1,000 1,100 1,200
High Nickel AlloysN02200 (200) 30.9 30.0 29.4 28.9 28.5 28.1 27.6 27.2 26.7 26.2 25.7 25.1 24.5N02201 (201) 30.9 30.0 29.4 28.9 28.5 28.1 27.6 27.2 26.7 26.2 25.7 25.1 24.5
N04400 (400) 26.8 26.0 25.5 25.1 24.7 24.3 23.9 23.6 23.1 22.7 22.2 21.7 21.2
N06002 (X) 29.3 28.5 27.9 27.5 27.1 26.7 26.2 25.8 25.4 24.9 24.3 23.8 23.2N06007 (G) 28.6 27.8 27.2 26.8 26.4 26.0 25.6 25.2 24.7 24.3 23.8 23.2 22.6N06022 30.8 29.9 29.3 28.8 28.4 28.0 27.5 27.1 26.6 26.1 25.6 25.0 24.4N06455 (C-4) 30.7 29.8 29.2 28.7 28.3 27.9 27.4 27.0 26.5 26.0 25.5 24.9 24.3N06600 (600) 31.9 31.0 30.3 29.9 29.4 29.0 28.6 28.1 27.6 27.1 26.5 25.9 25.3N06617 (617) … 29.2 28.4 28.0 27.7 27.4 27.0 26.5 26.0 25.5 24.9 24.3 23.8N06625 (625) 30.9 30.0 29.4 28.9 28.5 28.1 27.6 27.2 26.7 26.2 25.7 25.1 24.5
N08020 28.8 28.0 27.4 27.0 26.6 26.2 25.8 25.4 24.9 24.4 23.9 23.4 22.8N08320 (20 Mod) 28.6 27.8 27.1 26.7 26.4 26.0 25.7 25.3 24.7 24.2 23.6 23.2 22.7N08800 (800) (2) 29.3 28.5 27.9 27.5 27.1 26.7 26.2 25.8 25.4 24.9 24.4 23.8 23.2N08810 (800H) (2) 29.3 28.5 27.9 27.5 27.1 26.7 26.2 25.8 25.4 24.9 24.4 23.8 23.2N08825 28.8 28.0 27.4 27.0 26.6 26.2 25.8 25.4 24.9 24.4 23.9 23.4 22.8
N10001 (B) 32.0 31.1 30.4 30.0 29.5 29.1 28.7 28.2 27.7 27.2 26.6 26.0 25.3N10276 (C-276) 30.7 29.8 29.2 28.7 28.3 27.9 27.4 27.0 26.5 26.0 25.5 24.9 24.3N10665 (B-2) 32.3 31.4 30.7 30.2 29.8 29.3 28.9 28.4 27.9 27.4 26.8 26.2 25.6
Aluminum and Aluminum AlloysA24430 (B443) 10.5 10.0 9.6 9.2 8.7 8.1 … … … … … … …A91060 (1060) 10.5 10.0 9.6 9.2 8.7 8.1 … … … … … … …A91100 (1100) 10.5 10.0 9.6 9.2 8.7 8.1 … … … … … … …A93003 (3003) 10.5 10.0 9.6 9.2 8.7 8.1 … … … … … … …A93004 (3004) 10.5 10.0 9.6 9.2 8.7 8.1 … … … … … … …A96061 (6061) 10.5 10.0 9.6 9.2 8.7 8.1 … … … … … … …A96063 (6063) 10.5 10.0 9.6 9.2 8.7 8.1 … … … … … … …
A95052 (5052) 10.7 10.2 9.7 9.4 8.9 8.3 … … … … … … …A95154 (5154) 10.7 10.2 9.7 9.4 8.9 8.3 … … … … … … …A95454 (5454) 10.7 10.2 9.7 9.4 8.9 8.3 … … … … … … …A95652 (5652) 10.7 10.2 9.7 9.4 8.9 8.3 … … … … … … …
A03560 (356) 10.8 10.3 9.8 9.5 9.0 8.3 … … … … … … …A95083 (5083) 10.8 10.3 9.8 9.5 9.0 8.3 … … … … … … …A95086 (5086) 10.8 10.3 9.8 9.5 9.0 8.3 … … … … … … …A95456 (5456) 10.8 10.3 9.8 9.5 9.0 8.3 … … … … … … …
Copper and Copper AlloysC83600 14.4 14.0 13.7 13.4 13.2 12.9 12.5 12.0 … … … … …C92200 14.4 14.0 13.7 13.4 13.2 12.9 12.5 12.0 … … … … …
C46400 15.4 15.0 14.6 14.4 14.1 13.8 13.4 12.8 … … … … …C65500 15.4 15.0 14.6 14.4 14.1 13.8 13.4 12.8 … … … … …C95200 15.4 15.0 14.6 14.4 14.1 13.8 13.4 12.8 … … … … …
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Table C-2 Moduli of Elasticity for Nonferrous Material (Cont’d)

Materials

E = Modulus of Elasticity, psi (Multiply Tabulated Values by 106) [Note (1)]
Temperature, °F

−100 70 200 300 400 500 600 700 800 900 1,000 1,100 1,200
Copper and Copper Alloys (Cont’d)C95400 15.4 15.0 14.6 14.4 14.1 13.8 13.4 12.8 … … … … …
C10200 17.5 17.0 16.6 16.3 16.0 15.6 15.1 14.5 … … … … …C11000 17.5 17.0 16.6 16.3 16.0 15.6 15.1 14.5 … … … … …C12000 17.5 17.0 16.6 16.3 16.0 15.6 15.1 14.5 … … … … …C12200 17.5 17.0 16.6 16.3 16.0 15.6 15.1 14.5 … … … … …C12500 17.5 17.0 16.6 16.3 16.0 15.6 15.1 14.5 … … … … …C14200 17.5 17.0 16.6 16.3 16.0 15.6 15.1 14.5 … … … … …C23000 17.5 17.0 16.6 16.3 16.0 15.6 15.1 14.5 … … … … …C61400 17.5 17.0 16.6 16.3 16.0 15.6 15.1 14.5 … … … … …
C70600 18.5 18.0 17.6 17.3 16.9 16.5 16.0 15.4 … … … … …C97600 19.6 19.0 18.5 18.2 17.9 17.5 16.9 16.2 … … … … …C71000 20.6 20.0 19.5 19.2 18.8 18.4 17.8 17.1 … … … … …C71500 22.6 22.0 21.5 21.1 20.7 20.2 19.6 18.8 … … … … …
Unalloyed TitaniumGrades 1, 2, 3,7, and 12 … 15.5 15.0 14.6 14.0 13.3 12.6 11.9 11.2 … … … …
NOTES:(1) These data are for information and it is not to be implied that materials are suitable for all the temperature ranges shown.(2) For N08800 and N08810, use the following E values above 1,200°F: at 1,300°F, E = 22.7; at 1,400°F, E = 21.9; at 1,500°F, E = 21.2 × 106.
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Table C-2 (SI) Moduli of Elasticity for Nonferrous Material

Materials

E = Modulus of Elasticity, MPa (Multiply Tabulated Values by 103) [Note (1)]
Temperature, °C

−75 25 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800
High Nickel AlloysN02200 (200) 213 207 202 199 197 194 191 189 186 183 180 176 172 169 164 160 156N02201 (201) 213 207 202 199 197 194 191 189 186 183 180 176 172 169 164 160 156
N04400 (400) 185 179 175 173 171 168 166 163 161 158 155 152 149 146 142 139 135
N06002 (X) 202 196 192 189 187 184 182 179 176 173 170 167 163 160 156 152 148N06007 (G) 197 191 187 185 182 180 177 175 172 169 166 163 160 156 152 148 144N06022 212 206 201 199 196 193 191 188 185 182 179 175 172 168 164 160 155N06455 (C-4) 212 205 201 198 195 193 190 187 184 181 178 175 171 167 163 159 155N06600 (600) 220 213 209 206 203 201 198 195 192 189 186 182 178 174 170 165 161N06617 (617) … 201 196 193 191 189 187 184 181 178 174 171 167 164 160 156 152N06625 (625) 213 207 202 199 197 194 191 189 186 183 180 176 172 169 164 160 156
N08020 199 193 189 186 184 181 179 176 173 170 167 164 161 157 153 150 …N08320 (20 Mod) 198 192 187 185 182 180 177 175 172 169 167 163 159 156 152 149 144N08800 (800) 202 196 192 189 187 184 182 179 176 173 170 167 164 160 156 152 148N08810 (800H) 202 196 192 189 187 184 182 179 176 173 170 167 164 160 156 152 148N08825 199 193 189 186 184 181 179 176 173 170 167 164 161 157 153 150 …
N10001 (B) 221 214 209 206 204 201 198 196 193 189 186 182 178 174 170 166 161N10276 (C-276) 212 205 201 198 195 193 190 187 184 181 178 175 171 167 163 159 155N10665 (B-2) 223 216 211 208 206 203 200 197 194 191 188 184 180 176 172 168 163
Aluminum and Aluminum AlloysA24430 (B443) 72 69 66 63 60 57 52 46 … … … … … … … … …A91060 (1060) 72 69 66 63 60 57 52 46 … … … … … … … … …A91100 (1100) 72 69 66 63 60 57 52 46 … … … … … … … … …A93003 (3003) 72 69 66 63 60 57 52 46 … … … … … … … … …A93004 (3004) 72 69 66 63 60 57 52 46 … … … … … … … … …A96061 (6061) 72 69 66 63 60 57 52 46 … … … … … … … … …A96063 (6063) 72 69 66 63 60 57 52 46 … … … … … … … … …
A95052 (5052) 74 70 67 65 62 58 53 47 … … … … … … … … …
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Table C-2 (SI) Moduli of Elasticity for Nonferrous Material (Cont’d)

Materials

E = Modulus of Elasticity, MPa (Multiply Tabulated Values by 103) [Note (1)]
Temperature, °C

−75 25 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800
Aluminum and Aluminum Alloys (Cont’d)A95154 (5154) 74 70 67 65 62 58 53 47 … … … … … … … … …A95454 (5454) 74 70 67 65 62 58 53 47 … … … … … … … … …A95652 (5652) 74 70 67 65 62 58 53 47 … … … … … … … … …
A03560 (356) 75 71 68 65 62 58 54 47 … … … … … … … … …A95083 (5083) 75 71 68 65 62 58 54 47 … … … … … … … … …A95086 (5086) 75 71 68 65 62 58 54 47 … … … … … … … … …A95456 (5456) 75 71 68 65 62 58 54 47 … … … … … … … … …
Copper and Copper AlloysC83600 99 96 94 93 91 89 87 84 81 … … … … … … … …C92200 99 96 94 93 91 89 87 84 81 … … … … … … … …
C46400 106 103 101 99 97 96 93 90 86 … … … … … … … …C65500 106 103 101 99 97 96 93 90 86 … … … … … … … …C95200 106 103 101 99 97 96 93 90 86 … … … … … … … …C95400 106 103 101 99 97 96 93 90 86 … … … … … … … …
C10200 121 117 114 112 110 108 106 102 98 … … … … … … … …C11000 121 117 114 112 110 108 106 102 98 … … … … … … … …C12000 121 117 114 112 110 108 106 102 98 … … … … … … … …C12200 121 117 114 112 110 108 106 102 98 … … … … … … … …C12500 121 117 114 112 110 108 106 102 98 … … … … … … … …C14200 121 117 114 112 110 108 106 102 98 … … … … … … … …C23000 121 117 114 112 110 108 106 102 98 … … … … … … … …C61400 121 117 114 112 110 108 106 102 98 … … … … … … … …
C70600 127 124 121 119 117 … … … … … … … … … … … …C97600 135 131 128 126 123 … … … … … … … … … … … …C71000 142 138 134 132 130 … … … … … … … … … … … …C71500 156 152 148 145 143 … … … … … … … … … … … …

ASM
E
B31.1-2020

249



Table C-2 (SI) Moduli of Elasticity for Nonferrous Material (Cont’d)

Materials

E = Modulus of Elasticity, MPa (Multiply Tabulated Values by 103) [Note (1)]
Temperature, °C

−75 25 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800
Unalloyed Titanium

Grades 1, 2, 3, 7, and 12 … 107 103 101 97 93 88 84 80 75 71 … … … … … …NOTE: (1) These data are for information and it is not to be implied that materials are suitable for all the temperature ranges shown.

ASM
E
B31.1-2020

250



MANDATORY APPENDIX D
FLEXIBILITY AND STRESS INTENSIFICATION FACTORS

ASME B31.1-2020

251



Table D-1 Flexibility and Stress Intensification Factors

Description

Flexibility
Characteristic,

h

Flexibility
Factor,

k

Stress
Intensification Factor,

i Illustration

Welding elbow or pipe bend[Notes (1)–(5)] t R

r

n

2
h

1.65

h

0.9

2/3

Closely spaced miter bend[Notes (1)–(3), (5)]
s < r(1 + tan θ)
B ≥ 6tn
θ ≤ 221∕2 deg

st

r

cot

2

n

2
h

1.52

5/6
h

0.9

2/3

Widely spaced miter bend[Notes (1), (2), (5), (6)]
s ≥ r(1 + tan θ)
θ ≤ 221∕2 deg +t

r

(1 cot )

2

n

h

1.52

5/6
h

0.9

2/3

Welding tee perASME B16.9 [Notes (1),(2), (7)] t

r

3.1 n 1
h

0.9

2/3

Reinforced fabricated tee[Notes (1), (2), (8), (9)] +( )t

r t( )

n

t

n

2

5/2

3/2

r 1
h

0.9

2/3

Unreinforced fabricated tee[Notes (1), (2), (9)] t

r

n 1
h

0.9

2/3
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Table D-1 Flexibility and Stress Intensification Factors (Cont’d)

Description

Flexibility
Characteristic,

h

Flexibility
Factor,

k

Stress
Intensification Factor,

i Illustration

Branch welded-on fitting(integrally reinforced) perMSS SP-97 [Notes (1), (2)] t

r

3.3 n 1
h

0.9

2/3

Extruded outlet meeting therequirements of para.104.3.1(g) [Notes (1), (2)] t

r

n 1
h

0.9

2/3

Welded-in contour insert[Notes (1), (2), (7)] t

r

3.1 n 1
h

0.9

2/3

Description

Flexibility
Factor,

k

Stress
Intensification Factor,

i Illustration

Branch connection[Notes (1), (10)] 1
For checking branch end
i

k

jjjjj

y

{

zzzzz

i

k

jjjjj

y

{

zzzzz

i

k

jjjjj

y

{

zzzzz

i

k

jjjjjjj

y

{

zzzzzzz

R

t

r

R

t

t

r

r
1.5

m

nh

m

m

nb

nh

m

p

2/3 1/2 See Figure D-1
Butt weld [Note (1)]
t ≥ 0.237 in.,δmax ≤ 1∕16 in.,and δavg/t ≤ 0.13 1 1.0 [Note (11)]

Butt weld [Note (1)]
t ≥ 0.237 in.,δmax ≤ 1∕8 in.,and δavg/t = any value 1 1.9 max. or [0.9 + 2.7(δavg/t)],but not less than 1.0[Note (11)]Butt weld [Note (1)]
t < 0.237 in.,δmax ≤ 1∕16 in.,and δavg/t ≤ 0.33 1

Fillet welds 1 1.3 [Note (12)] See Figures 127.4.4-1–127.4.4-3
Tapered transition per para.127.4.2(b) andASME B16.25 [Note (1)] 1 1.9 max. or

+ +
D

t t
1.3 0.0036 3.6

o

n n
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Table D-1 Flexibility and Stress Intensification Factors (Cont’d)

Description

Flexibility
Factor,

k

Stress
Intensification Factor,

i Illustration

Concentric reducer perASME B16.9[Notes (1), (13)] 1 2.0 max. or
+

i

k

jjjj
y

{

zzzz0.5 0.01
D

t

1/2
2

2

Threaded pipe joint orthreaded flange 1 2.3 …Corrugated straight pipe, orcorrugated or creased bend[Note (14)] 5 2.5 …
GENERAL NOTES:(a) The validity of the stress intensification and flexibility factor data in Table D-1 has been demonstrated for Do/tn ≤ 100.(b) The designer may use the stress intensification and flexibility factors from ASME B31J instead of the stress intensification and flexibilityfactors herein.Whenusing the stress intensification factors fromASMEB31J, themaximumof the in-plane (ii), out-of-plane (io), and torsional(it) stress intensification factors shall be used in calculating stresses in accordance with para. 104.8. Alternatively, stress intensificationfactors may be developed using ASME B31J, Nonmandatory Appendix A.NOTES:(1) The following nomenclature applies to Table D-1:

B = length of miter segment at crotch, in. (mm)
D1 = outside diameter of reducer on large end, in. (mm)
D2 = outside diameter of reducer on small end, in. (mm)
Do = outside diameter, in. (mm)
Dob = outside diameter of branch, in. (mm)
R = bend radius of elbow or pipe bend, in. (mm)
r = mean radius of pipe, in. (mm) (matching pipe for tees)
rx = external crotch radius of welded-in contour inserts and welding tees, in. (mm)
s = miter spacing at centerline, in. (mm)

Tc = crotch thickness of welded-in contour inserts and welding tees, in. (mm)
tn = nominal wall thickness of pipe, in. (mm) (matching pipe for tees)
tr = reinforcement pad or saddle thickness, in. (mm)
α = reducer cone angle, deg
δ = mismatch, in. (mm)
θ = one-half angle between adjacent miter axes, deg(2) The flexibility factors,k, andstress intensification factors, i, inTableD-1apply tobending inanyplane for fittingsandshall innocasebe takenless thanunity. Both factors apply over the effective arc length (shownbyheavy centerlines in the illustrations) for curvedandmiter elbows,and to the intersection point for tees. The values of k and i can be read directly from Figure D-2 by entering with the characteristic, h,computed from the formulas given.(3) Where flanges areattached tooneorbothends, thevaluesofkand i inTableD-1shall bemultipliedby the factor, c, givenbelow,whichcanberead directly from Figure D-3, entering with the computed h: one end flanged, c = h1/6; both ends flanged, c = h1/3.(4) Thedesigner is cautioned that castbuttweldingelbowsmayhaveconsiderablyheavierwalls than thoseof thepipewithwhich theyareused.Large errors may be introduced unless the effect of these greater thicknesses is considered.(5) In largediameter thin-wall elbowsandbends, pressure can significantly affectmagnitudesofk and i.Values fromtheTablemaybecorrectedby dividing k by

+

Ä

Ç

ÅÅÅÅÅÅÅÅÅÅÅÅÅÅ

i

k

jjjjj

y

{

zzzzz

i

k

jjjjj

y

{

zzzzz
i

k

jjj
y

{

zzz

É

Ö

ÑÑÑÑÑÑÑÑÑÑÑÑÑÑ

P

E

r

t

R

r
1 6

c n

7/3 1/3

and dividing i by
+

Ä

Ç

ÅÅÅÅÅÅÅÅÅÅÅÅÅÅ

i

k

jjjjj

y

{

zzzzz

i

k

jjjjj

y

{

zzzzz
i

k

jjj
y

{

zzz

É

Ö

ÑÑÑÑÑÑÑÑÑÑÑÑÑÑ

P

E

r

t

R

r
1 3.25

c n

5/2 2/3

(6) Also includes single miter joints.(7) If rx ≥ Dob/8 and Tc ≥ 1.5tn, a flexibility characteristic, h, of 4.4tn/r may be used.
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Table D-1 Flexibility and Stress Intensification Factors (Cont’d)NOTES: (Cont’d)(8) When tr > 1.5tn, h = 4.05tn/r.(9) The stress intensification factors in theTablewere obtained from tests on full-size outlet connections. For less than full-size outlets, the full-size values should be used until more applicable values are developed.(10) The equation applies only if the following conditions are met:
(a) The reinforcement area requirements of para. 104.3 are met.
(b) The axis of the branch pipe is normal to the surface of run pipe wall.
(c) For branch connections in a pipe, the arc distance measured between the centers of adjacent branches along the surface of the run pipe is notless than three times the sumof their inside radii in the longitudinal direction or is not less than two times the sumof their radii along the circumferenceof the run pipe.
(d) The inside corner radius r1 (see Figure D-1) is between 10% and 50% of tnh.
(e) The outer radius, r2 (see Figure D-1), is not less than the largest of Tb/2, (Tb + y)/2 [shown in Figure D-1, illustration (c)], or tnh/2.
(f) The outer radius, r3 (see Figure D-1), is not less than the larger of
(1) 0.002θdo
(2) 2(sin θ)3 times the offset for the configurations shown in Figure D-1, illustrations (a) and (b)

(g) Rm/tnh ≤ 50 and r'm/Rm ≤ 0.5.(11) The stress intensification factors apply to girth butt welds between two items for which the wall thicknesses are between 0.875t and 1.10tfor an axial distance of D to .Do and t are nominal outside diameter andnominalwall thickness, respectively. δavg is the averagemismatch oroffset.(12) For welds to socket welded fittings, the stress intensification factor is based on the assumption that the pipe and fitting are matched inaccordancewithASMEB16.11anda fullweld ismadebetween thepipe and fittingas shown inFigure127.4.4-3. Forwelds to socketweldingflanges, the stress intensification factor is basedon theweld geometry shown in Figure 127.4.4-2 and has been shown to envelop the resultsof the pipe to socket welded fitting tests. Blending the toe of the fillet weld, with no undercut, smoothly into the pipe wall, as shown in theconcave fillet welds in Figure 127.4.4-1, illustrations (b) and (d), has been shown to improve the fatigue performance of the weld.(13) The equation applies only if the following conditions are met:
(a) Cone angle, α, does not exceed 60 deg, and the reducer is concentric.
(b) The larger of D1/t1 and D2/t2 does not exceed 100.
(c) The wall thickness is not less than t1 throughout the body of the reducer, except in and immediately adjacent to the cylindrical portion on thesmall end, where the thickness shall not be less than t2.(14) Factors shown apply to bending; flexibility factor for torsion = 0.9.
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Figure D-1 Branch Connection Dimensions

Legend:
Db = outside diameter of branch pipe, in. (mm)
L1 = height of nozzle, in. (mm)

r1, r2, r3 = transition radii of branchreinforcement, in. (mm)
r′m = mean radius of branch pipe, in. (mm)
ri = inside radius of branch, in. (mm)

Rm = mean radius of run pipe, in. (mm)

rp = outside radius of branchreinforcement, in. (mm)
Tb = effective thickness of branchreinforcement, in. (mm)
tnb = nominal thickness of branch pipes, in. (mm)
tnh = nominal thickness of run pipe, in. (mm)
θn = transition angle of branchreinforcement, deg
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Figure D-2 Flexibility Factor, k, and Stress Intensification Factor, i
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Figure D-3 Correction Factor, c
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MANDATORY APPENDIX F
REFERENCED STANDARDS ð20ÞSpecific editions of standards incorporated in this Code by reference are shown in this Appendix. It is not practical torefer to a specific edition of each standard throughout the Code text, but instead, the specific edition reference dates areshownhere.ThisAppendix is revisedasneeded.Thenamesandaddressesof the sponsoringorganizationsarealso shownin this Appendix.

American National StandardZ223.1-2012
API Specifications5L, 38th Edition, 1990570, 3rd Edition, 2009
ASCE/SEI Standard7-16 [Note (1)]
ASME Codes and StandardsBoiler and Pressure Vessel Code,latest edition
A13.1-2015B1.1-1989B1.13M-2001B1.20.1-1983 (R2001)(ANSI/ASME B1.20.1)B1.20.3-1976 (R1998)(ANSI B1.20.3)
B16.1-2015B16.1-2005B16.3-1998B16.4-2005B16.5-2003B16.9-2001B16.10-2000B16.11-2005B16.14-1991B16.15-1985 (R1994)(ANSI/ASME B16.15)B16.18-1984 (R1994)(ANSI B16.18)B16.20-1998B16.21-2005B16.22-2001 (R2005)B16.24-2001B16.25-2003

ASME Codes and Standards (Cont’d)B16.26-2011B16.34-2017B16.36-2015B16.42-1998B16.47-1996 (1998a)B16.48-2005B16.50-2001
B18.2.1-1996 (1999a)B18.2.2-1987 (R1999)(ASME/ANSI B18.2.2)B18.2.3.5M-1979 (R2001)B18.2.3.6M-1979 (R2001)B18.2.4.6M-1979 (R1998)B18.21.1-1999B18.22M-1981B18.22.1-1965 (R1998)B18.31.1M-2008 (R2016)B18.31.2-2014
B31.3-2018B31.4-2019B31.8-2018B31Ea-2010B31J-2017B31P-2017B31T-2018B36.10M-2018B36.19M-2018
CA-1, latest editionPCC-3–2017QAI-1, latest editionTDP-1–2013
ASTM Specifications [Note (2)]A36/A36M-05A47/A47M-99 (R04)A48/A48M-03

ASTM Specifications [Note (2)] (Cont’d)A53/A53M-07
A105/A105M-05A106/A106M-10A125-96 (R07)A126-04A134-96 (R05)A135/A135M-06A139/A139M-04A178/A178M-02A179/A179M-90a (R05)A181/A181M-06A182/A182M-07aA192/A192M-02A193/A193M-07A194/A194M-07aA197/A197M-00 (R06)
A210/A210M-02A213/A213M-07aA214/A214M-96 (R05)A216/A216M-07A217/A217M-07A229/A229M-99A234/A234M-07A240/A240M-16A242/A242M-04 ε1A249/A249M-07A254-97 (R02)A268/A268M-05aA276-06A278/A278M-01 (R06)A283/A283M-00A285/A285M-03A299/A299M-04
A307-07bA312/A312M-13b
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ASTM Specifications [Note (2)] (Cont’d)A320/A320M-07aA322-07A333/A333M-05A335/A335M-06A336/A336M-07A350/A350M-04aA351/A351M-06A354-07A358/A358M-05A369/A369M-06A376/A376M-06A377-03A387/A387M-06aA389/A389M-03A395/A395M-99 (R04)
A403/A403M-13aA409/A409M-01 (R05)A420/A420M-07A426/A426M-07A437/A437M-06A449-07bA450/A450M-04aA451/A451M-06A453/A453M-04A479/A479M-11
A515/A515M-03A516/A516M-06A530/A530M-04aA564/A564M-04A575-96 (R02)A576-90b (R06)A587-96 (R05)
A671-06A672-06A691-98 (R02)
A714-99 (R03)A789/A789M-17A790/A790M-16
A815/A815M-07a
A928/A928M-11A965/A965M-12A992/A992M-06aA1091/A1091M-16ε1
B26/B26M-05

ASTM Specifications [Note (2)] (Cont’d)B32-04B42-02B43-98 (R04)B61-02B62-02B68-02B68M-99 (R05)B75-02B88-03B88M-05
B108-06B111/B111M-04B148-97B150/B150M-03B151/B151M-05B161-05B163-04B165-05B166-08B167-11B168-08B171-04
B209/B209M-06B210-04B210M-05B221-06B234-04B234M-04B241/B241M-02B247-02aB247M-02aB251-02 ε1B251M-97 (R03)B265-07B280-03B283-06
B302-07B315-06B338-06aB348-06aB361-02B366-04b ε1B367-06B381-06a
B407-04B408-06B409-06 ε1

ASTM Specifications [Note (2)] (Cont’d)B423-05B424-05B425-99 (R05)B435-06B443-00 (R05)B444-06B446-03 (R08)B462-06B463-04B464-05B466/B466M-07B467-88 (R03)B468-04B473-07
B546-04B547/B547M-02B564-06aB572-06B574-06 ε1B575-06B584-06a
B608-07B619-06B622-06B625-05B626-06B649-06B673-05 ε1B674-05B675-02B676-03B677-05B688-96 (R04)B690-02 (R07)B691-95
B704-03B705-05B729-05
B804-02B828-02B861-06aB862-06b ε1F1476-07 (R2013)F1548-01 (R2018)
ASTM Standard Test MethodsD323-06
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ASTM Standard Test Methods (Cont’d)E94-04E125-85 (R04)E186-04E280-04E446-04
AWS SpecificationsA3.0-01D10.10-99QC1-07
AWWA and ANSI/AWWA
StandardsC110/A21.10-08C111/A21.11-07C115/A21.15-05C150/A21.50-08C151/A21.51-02C153/A21.53-06

C200-05C207-07C208-07
C300-04C301-07C302-04

AWWA and ANSI/AWWA
Standards (Cont’d)C304-07

C500-02C504-06C509-01
C600-05C606-15
EJMA StandardsStandards of the EJMA, Inc., 10th Edition 2015
FCI Standard79-1-09
MSS Standard PracticesSP-6-12SP-9-13SP-25-13SP-42-13SP-43-13SP-45-03 (R08)SP-51-12SP-53-99 (R07)SP-54-99 (R07)SP-55-06

MSS Standard Practices (Cont’d)SP-58-09SP-61-13SP-67-11SP-68-11SP-75-14SP-79-11SP-80-13SP-83-14SP-88-10SP-93-99 (R04)SP-94-92SP-95-14SP-97-12SP-105-10SP-106-12
National Fire Codes and StandardsNFPA 56-17NFPA 85-15NFPA 1963-14
PFI StandardsES-16-08ES-24-08

GENERALNOTE: The issuedate shown immediately following thehyphenafter thenumberof the standard (e.g., B1.1-1989,A36/A36M-05, SP-6-12) is the effective date of issue (edition) of the standard. B18.2.2-1987 (R1999) designates reaffirmation without change in 1999.NOTES:(1) The Code incorporates by reference the listed edition of ASCE 7. A different edition of the standard may be required by the authority havingjurisdiction.(2) For boiler external piping material application, see para. 123.2.2.
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Specifications and standards of the following organizations appear in this Appendix:
AISC American Institute of SteelConstruction130 East Randolph Street, Suite2000Chicago, IL 60601-6204Phone: (312) 670-2400Fax: (312) 670-5403www.aisc.orgANSI American National StandardsInstitute25 West 43rd StreetNew York, NY 10036Phone: (212) 642-4900Fax: (212) 398-0023www.ansi.orgAPI American Petroleum Institute200 Massachusetts Avenue NWSuite 1100Washington, DC 20001-5571Phone: (202) 682-8000www.api.orgASCE American Society of CivilEngineers1801 Alexander Bell DriveReston, VA 20191-4400Phone: (800) 548-2723(703) 295-6300 (International)Fax: (703) 295-6222www.asce.orgASME The American Society ofMechanical EngineersTwo Park AvenueNew York, NY 10016-5990Phone: (800) 843-2763Fax: (973) 882-1717www.asme.org

ASTM American Society for Testing andMaterials (ASTM International)100 Barr Harbor DriveP.O. Box C700West Conshohocken, PA 19428-2959Phone: (610) 832-9585Fax: (610) 832-9555www.astm.orgAWS American Welding Society8669 NW 36 Street, No. 130Miami, FL 33166Phone: (800) 443-9353www.aws.orgAWWA American Water WorksAssociation6666 West Quincy AvenueDenver, CO 80235Phone: (303) 794-7711 or (800)926-7337www.awwa.org
EJMA Expansion Joint ManufacturersAssociation, Inc.25 North BroadwayTarrytown, NY 10591Phone: (914) 332-0040www.ejma.orgFCI Fluid Controls Institute1300 Sumner AvenueCleveland, OH 44115-2851Phone: (216) 241-7333Fax: (216) 241-0105www.fluidcontrolsinstitute.org

MSS Manufacturers StandardizationSociety of the Valve and FittingsIndustry, Inc.127 Park Street, NEVienna, VA 22180-4602Phone: (703) 281-6613www.msshq.orgNFPA National Fire ProtectionAssociation1 Batterymarch ParkQuincy, MA 02169-7471Phone: (617) 770-3000 or (800)344-3555Fax: (617) 770-0700www.nfpa.orgPFI Pipe Fabrication InstituteUSA Office: 511 Avenue of theAmericas, #601New York, NY 10011Canada Office: 655-32nd Avenue,#201Lachine, QC, H8T 3G6Phone: (514) 634-3434Fax: (514) 634-9736www.pfi-institute.orgPPI Plastics Pipe Institute105 Decker Court, Suite 825Irving, TX 75062Phone: (469) 499-1044Fax: (469) 499-1063www.plasticpipe.orgSEI Structural Engineering Institute ofASCE1801 Alexander Bell DriveReston, VA 20191-4400Phone: (800) 548-2723Fax: (703) 295-6361www.seinstitute.org
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MANDATORY APPENDIX G
NOMENCLATURE ð20Þ

This Appendix is a compilation of the nomenclatureused within this Code. Included are the term definitionsand units that can be uniformly applied. These terms are also defined at a convenient location within the Code.When used elsewhere within the Code, definitionsgiven here shall be understood to apply.
Symbol Definition

Units References
SI USC Paragraph Table/Figure/Appendix

A Corrosion, erosion, and mechanical allowances(including threading, grooving) mm in. 102.4.5(b) [eqs. (3),(4)]; 104.1.2(a) [eqs. (7),(8), (9), (10)] Figure 104.3.1-2
104.3.1(g)104.4.1(b)104.5.2(b) [eq. (13)]104.5.3(a)

A1 Area available for reinforcement in run pipe mm2 in.2 104.3.1(d)(2)(-c) Figure 104.3.1-1104.3.1(g)(6) Figure 104.3.1-2
A2 Area available for reinforcement in branch pipe mm2 in.2 104.3.1(d)(2)(-c) Figure 104.3.1-1104.3.1(g)(6) Figure 104.3.1-2
A3 Area available for reinforcement by deposited metalbeyond outside diameter of run and branch and forfillet weld attachments of rings, pads, and saddles mm2 in.2 104.3.1(d)(2)(-c) Figure 104.3.1-1
A4 Area available for reinforcement by reinforcing ring,pad, or integral reinforcement mm2 in.2 104.3.1(d)(2)(-c) Figure 104.3.1-1104.3.1(g)(6) Figure 104.3.1-2
A5 Area available for reinforcement in saddle on rightangle connection mm2 in.2 104.3.1(d)(2)(-c) Figure 104.3.1-1
A6 Pressure design area expected at the end of service life mm2 in.2 104.3.1(d)(2) Figure 104.3.1-1
A7 Required reinforcement area mm2 in.2 104.3.1(d)(2)(-b) Figure 104.3.1-1
Ap Cross-sectional material area of the pipe mm2 in.2 104.8.1 Figure 104.8-1104.8.2 Figure 104.8-1104.8.3 Figure 104.8-1104.3.1(g)(5) Figure 104.3.1-2
B Length of miter segment at crotch mm in. 104.3.3(a) Table D-1104.3.3(b)
b Subscript referring to branch … … 104.3.1(d)(2) Figure 104.3.1-1
C Cold-spring factor … … 119.10.1 [eqs. (18), (19)] …
Cx Size of fillet weld for socket welding components otherthan flanges mm in. … Figure 127.4.4-3
c Flanged elbow correction factor … … … Table D-1Figure D-3
D Nominal pipe size mm in. 119.7.1(a)(3) …
D1,2 Outside diameter of reducer mm in. … Table D-1
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Symbol Definition
Units References

SI USC Paragraph Table/Figure/Appendix
Do Outside diameter of pipe mm in. 102.3.2(a) Table D-1104.1.2(a) [eqs. (7), (9)] Table 104.1.2-1104.8.1 Figure 104.8-1104.8.2 Figure 104.8-1
Dob Outside diameter of branch mm in. 104.3.1(d)(2) Figure D-1104.3.1(d)(2)(-c) Figure 104.3.1-2104.3.1(e)104.3.1(g)(4)104.3.1(g)(5)
Doh Outside diameter of header or run pipe mm in. 104.3.1(d)(2) Figure 104.3.1-2104.3.1(e)104.3.1(g)(4)104.3.1(g)(5)
d Inside diameter of pipe mm in. 104.1.2(a) [eqs. (8), (10)] Table 104.1.2-1
d1 Inside centerline longitudinal direction of the finishedbranch opening in the run of the pipe mm in. 104.3.1(d) Figure 104.3.1-1104.3.1(e)
d2 Half width of reinforcement zone mm in. 104.3.1(d)(2) Figure 104.3.1-1
d5 Diameter of finished opening mm in. 104.4.2 …
d6 Inside or pitch diameter of gasket mm in. 104.5.3(a) [eq. (14)] Figure 104.5.3-1
db Corroded internal diameter of branch pipe mm in. 104.3.1(g)(4) Figure 104.3.1-2
dc Corroded internal diameter of extruded outlet mm in. 104.3.1(g)(4) Figure 104.3.1-2104.3.1(g)(5)104.3.1(g)(6)
di Inside diameter of Y-globe valve mm in. … Figure 122.1.7-1
dn Nominal inside diameter of pipe mm in. 102.3.2(a) …
dr Corroded internal diameter of run mm in. 104.3.1(g)(4) Figure 104.3.1-2
E Weld joint efficiency factor … … 104.1.2(a) Table 102.4.3-1Mandatory Appendix ANotes and Tables
E Young’s modulus of elasticity (used with subscripts) MPa psi 119.6.2 Tables C-1 and C-2119.6.4 Table D-1119.10.1 [eqs. (18), (19)]
F Casting quality factor … … 104.1.2(a) Mandatory Appendix ANotes and Tables
Fa Longitudinal force due to sustained loads N lbf 104.8.1 Figure 104.8-1
Fb Longitudinal force due to occasional loads N lbf 104.8.2 Figure 104.8-1
Fc Longitudinal force due to displacement loads N lbf 104.8.3 Figure 104.8-1
f Stress range reduction factor … … 102.3.2(b) [eqs. (1A), (1B),(1C)] …
h Subscript referring to run or header … … 104.3.1(d)(2) Figure 104.3.1-1Figure 104.3.1-2
h Thread depth (ref. ASME B1.20.1) mm in. 102.4.2 …
h Flexibility characteristic, to compute i, k … … … Table D-1
h Through-wall dimension (height) of a flaw drawnnormal to the inside pressure surface of thecomponent mm in. O-8(a)(2) Figure O-8-1O-8(a)(4) Table O-9-1Table O-9-2Table O-9-3
ho Height of extruded lip mm in. 104.3.1(g)(2) Figure 104.3.1-2104.3.1(g)(4)
I Lorenz equation compensation factor … … 102.4.5 [eqs. (3), (4),(5), (6)] …
Ii, Io, It In-plane, out-of-plane, and torsional moment indices … … 104.8.1, 104.8.2 Figure 104.8-1
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Symbol Definition
Units References

SI USC Paragraph Table/Figure/Appendix
ia Axial stress intensification factor … … 104.8.3 Figure 104.8-1
i, Ii, io, it In-plane, out-of-plane, and torsional stressintensification factors … … 104.8.3 Figure 104.8-1
K Factor for reinforcing area … … 104.3.1(g)(5) Figure 104.3.1-2
k Factor for occasional loads … … 104.8.2 Figure 104.8-1
k Flexibility factor … … … Table D-1
L Developed length of line axis m ft 119.7.1(a)(3) …
L1 Height of nozzle mm in. … Figure D-1
L4 Altitude of reinforcing zone outside run pipe mm in. 104.3.1(d)(2) Figure 104.3.1-1
L8 Altitude of reinforcing zone for extruded outlet mm in. 104.3.1(g)(4) Figure 104.3.1-2104.3.1(g)(6)
ℓ Length of flaw, drawn parallel to the inside pressure-retaining surface of the component mm in. O-8(a)(1) Figure O-8-1Table O-9-1Table O-9-2Table O-9-3
MiA, MoA,
MtA

In-plane, out-of-plane, and torsional moments forsustained loads mm·N in.-lb 104.8.1 Figure 104.8-1
MiB, MoB,
MtB

In-plane, out-of-plane, and torsional moments due tosustained loads and occasional loads mm·N in.-lb 104.8.2 Figure 104.8-1
MiC, MoC,
MtC

In-plane, out-of-plane, and torsional moments fordisplacement loads mm·N in.-lb 104.8.3 Figure 104.8-1MAWP Maximum allowable working pressure kPa psi 100.2 …MSOP Maximum sustained operating pressure kPa psi 101.2.2 …
N Total number of equivalent reference displacementstress range cycles … … 102.3.2(b) [eq. (2)] …
NE Number of cycles of reference displacement stressrange … … 102.3.2(b) [eq. (2)] …
Ni Number of cycles associated with displacement stressrange … … 102.3.2(b) [eq. (2)] …NPS Nominal pipe size … in. 100.1.2 …
P Internal design gage pressure of pipe, component kPa psi 102.3.2(a) Table D-1104.1.2(a) [eqs. (7), (8),(9), (10)]104.5.1(a)104.5.2(b)104.5.3(a) [eq. (14)]104.5.3(b)104.8.1 Figure 104.8-1122.1.2(a)122.1.3(a)122.1.4(a)122.1.4(b)122.1.6(b)122.1.7(c)122.4(b)
Po Pressure coincident with the occasional load beingevaluated kPa psi 104.8.2 Figure 104.8-1
qI Ratio of computed stress range other than referencerange (Si) to computed reference stress range (SE) … … 102.3.2(b) [eq. (2)] …
R Reaction moment in flexibility analysis (used withsubscripts) mm-N in.-lb 119.10.1 [eqs. (18), (19)] …
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Symbol Definition
Units References

SI USC Paragraph Table/Figure/Appendix
R Centerline radius of elbow or bend, and effective“radius” of miter bends mm in. 102.4.5(b) Table D-1104.3.3(c)(3)(-a)129.3.4.1 Figure 102.4.5-1
Rf Mean radius after forming mm in. 129.3.4.1 …
Rg Original mean radius mm in. 129.3.4.1 …
Rm Mean radius of run pipe mm in. … Figure D-1Table D-1
r Mean radius of pipe using nominal wall tn mm in. 104.3.3 Table D-1
r1 Half width of reinforcement zone mm in. 104.3.1(g)(4) Figure 104.3.1-2
r1, r2, r3 Transition radii of branch reinforcement mm in. … Figure D-1
ri Inside radius of branch mm in. … Figure D-1
r′m Mean radius of branch mm in. … Figure D-1Table D-1
ro Radius of curvature of external curved portion mm in. 104.3.1(g)(2) Figure 104.3.1-2104.3.1(g)(4)104.3.1(g)(6)
rod Normal outside radius of pipe or tube mm in. 129.3.4.1 …
rp Outside radius of branch reinforcement mm in. … Figure D-1Table D-1
rx External crotch radius of welded-in contour inserts mm in. … Mandatory Appendix D
S Basic material allowable stress MPa psi 122.1.2(a) …122.1.3(b)122.4(b)(3)
S Basic material allowable stress MPa ksi 102.3.1(a) Mandatory Appendix ATables and Notes
S Separation between the outer extent of a flaw and thenearest surface mm in. O-8(a)(4) Figure O-8-1
SA Allowable stress range for expansion stress MPa psi 102.3.2(b) [eqs. (1A), (1B),(1C)] …104.8.3 Figure 104.8-1
Sa Bolt design stress at atmospheric temperature kPa psi 104.5.1(a) …
Sb Bolt design stress at design temperature kPa psi 104.5.1(a) …
Sc Basic material allowable stress at minimum (cold)temperature MPa psi 102.3.2(b) [eqs. (1A), (1B),(1C)] …
SE Reference displacement stress range MPa psi 102.3.2(b) …104.8.3 Figure 104.8-1119.6.4119.10.1 [eq. (19)]
Sf Allowable stress for flange material or pipe kPa psi 104.5.1(a) …
Sh Basic material allowable stress at maximum (hot)temperature MPa psi 102.3.2(b) [eqs. (1A), (1B),(1C)]104.8.1 Figure 104.8-1104.8.2 Figure 104.8-1104.8.3 Figure 104.8-1119.10.1 [eq. (19)]
Slp Longitudinal pressure stress kPa psi 102.3.2(a) …104.8
SL Longitudinal stress due to pressure, weight, and othersustained loads MPa psi 102.3.2(a)(3)104.8.1 Figure 104.8-1
So Occasional stress due to pressure, weight, sustainedloads, and occasional loads MPa psi 104.8.2 Figure 104.8-1
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Symbol Definition
Units References

SI USC Paragraph Table/Figure/Appendix
SE Allowable stress (includingweld joint efficiency factor) MPa psi 104.1.2(a) [eqs. (7), (8),(9), (10)] …104.5.2(b)104.5.3(a) [eq. (14)]104.5.3(b)
SE Allowable stress (includingweld joint efficiency factor) MPa ksi 102.3.1(a) Mandatory Appendix ATables and Notes
SF Allowable stress (including casting quality factor) MPa psi 104.1.2(a) …
SF Allowable stress (including casting quality factor) MPa ksi 102.3.1(a) Mandatory Appendix ATables and Notes
s Miter spacing pipe centerline mm in. … Table D-1
T Actual pipe wall thickness (by measurement) or theminimum wall thickness permissible under thepurchase specification, used with or withoutsubscripts, namely

Tb = thickness of branch
Th = thickness of header, etc.

mm in. 104.3.1(d)(2) Figure 104.3.1-1104.3.1(g)(4) Figure 104.3.1-2104.3.1(g)(6) Figure D-1104.8.4(c)
Tc Crotch thickness of welded-in contour inserts mm in. … Table D-1
To Corroded finished thickness extruded outlet mm in. 104.3.1(g)(4) Figure 104.3.1-2104.3.1(g)(6)
t Pressure design thickness pipe, components(used with subscripts) mm in. 104.1.2(a) [eqs. (7), (8),(9), (10)] Figure 104.3.1-2Figure 104.5.3-1104.3.1(d)(2) Figure 127.4.8-4104.3.1(g)(4)104.3.3(c)(3)(-a)104.3.3(c)(3)(-b)104.4.1(b)104.4.2104.5.2(b) [eq. (13)]104.5.3(a) [eq. (14)]104.5.3(b)104.8.1 Figure 104.8-1104.8.4(c)127.4.8(b)132.4.2(e)
t1,2 Nominal wall thickness of reducer mm in. … Table D-1
tc Throat thickness of cover filletweld, branch connection mm in. 127.4.8(b) Figure 127.4.8-4132.4.2(e) Figure 127.4.8-5
te Effective branch wall thickness mm in. 104.8.4(c) …
tm Minimum required thickness of component, includingallowances (A) for mechanical joining, corrosion,etc. (used with subscripts), namely

tmb = minimum thickness of branch
tmh = minimum thickness of header

mm in. 104.1.2(a) [eqs. (7), (8),(9), (10)] Table 102.4.5-1Table 104.1.2-1104.3.1(d)(2) Figure 104.3.1-1104.3.1(e) Figure 104.3.1-2104.3.1(g) Figure 127.4.2-1104.3.3(c)(3)(-a)104.3.3(c)(3)(-b)104.4.1(b)104.5.2(b) [eq. (13)]104.5.3(a)
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Symbol Definition
Units References

SI USC Paragraph Table/Figure/Appendix
tn Nominal wall thickness of component (used withsubscripts), namely

tnb = nominal wall thickness of branch
tnh = nominal wall thickness of header
tnr = nominal thickness of reinforcement

mm in. 102.3.2(a)(3) Figure 127.4.4-2104.3.3 Figure 127.4.4-3104.8.1 Figure 127.4.8-4Figure 104.8-1104.8.2 Figure 127.4.8-5Figure 104.8-1104.8.4(c) Figure D-1127.4.8(b) Table D-1129.3.4.1132.4.2(e)
tr Thickness of reinforcing pad or saddle mm in. 104.3.1(d)(2) Figure 104.3.1-1104.3.1(e) Table D-1
ts Wall thickness of segment or miter mm in. 104.3.3(c)(3) …
tw Weld thickness mm in. 104.3.1(c)(2) Figure 127.4.8-7
U Anchordistance (lengthof straight line joininganchors) m ft 119.7.1(a)(3) …
W Weld strength reduction factor … … 102.4.5(b) Table 102.4.7-1102.4.7104.1.2
xmin Size of fillet weld for slip-on and socket welding flangesor socket wall for socket welds mm in. … Figure 127.4.4-2
Y Resultant of movement to be absorbed by pipelines … … 119.7.1(a)(3) …
y A coefficient having values given in Table 104.1.2-1 … … 104.1.2(a) [eqs. (7),(8), (9), (10)] Table 104.1.2-1Mandatory Appendix A,Notes to Tables A-4, A-5,A-6, A-7, and A-9
y Branch offset dimension mm in. … Figure D-1
Z Section modulus of pipe mm3 in.3 104.8.1 Figure 104.8-1104.8.2 Figure 104.8-1104.8.3 Figure 104.8-1
α Angle between axes of branch and run deg deg 104.3.1(d)(2) Figure 104.3.1-1104.3.1(e)
α Reducer cone angle deg deg … Table D-1
δ Mismatch or offset mm in. … Table D-1
θ Angle of miter cut deg deg 104.3.3 Table D-1
θn Transition angle of branch reinforcement deg deg … Figure D-1≥ Equal to or greater than … … … …≤ Equal to or less than … … … …
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MANDATORY APPENDIX H
PREPARATION OF TECHNICAL INQUIRIES

H-1 INTRODUCTIONThe ASME B31 Committee, Code for Pressure Piping,will consider written requests for interpretations andrevisions of the Code rules, and develop new rules ifdictatedby technicaldevelopment. TheCommittee’s activ-ities in this regard are limited strictly to interpretations ofthe rules or to the considerationof revisions to thepresentrules on the basis of new data or technology. The Intro-duction to this Code states “It is the owner’s responsibilityto determine which Code Section is applicable to a pipinginstallation.” The Committee will not respond to inquiriesrequesting assignment of a Code Section to a piping instal-lation. As a matter of published policy, ASME does notapprove, certify, rate, or endorse any item, construction,proprietary device, or activity, and, accordingly, inquiriesrequiring such consideration will be returned. Moreover,ASME does not act as a consultant on specific engineeringproblems or on the general application or understandingof the Code rules. If, based on the inquiry informationsubmitted, it is the opinion of the Committee that theinquirer should seek professional assistance, theinquiry will be returned with the recommendation thatsuch assistance be obtained.Inquiries thatdonotprovide the informationneeded forthe Committee’s full understanding will be returned.
H-2ð20Þ REQUIREMENTSInquiries shall be limited strictly to interpretations ofthe rules or to the considerationof revisions to thepresentrules on the basis of new data or technology. Inquiriesshall meet the following requirements:

(a) Scope. Involve a single rule or closely related rulesin the scopeof theCode.An inquiry letter concerningunre-lated subjects will be returned.
(b) Background. State the purpose of the inquiry,whichmay be either to obtain an interpretation of Code rules orto propose considerationof a revision to the present rules.Provide concisely the information needed for the Commit-tee’s understanding of the inquiry, being sure to includereference to the applicable Code Section, edition, para-graphs, figures, and tables. If illustrations are provided,they shall be limited to the scope of the inquiry.
(c) Inquiry Structure
(1) Proposed Question(s). The inquiry shall be statedin a condensed and precise question format, omittingsuperfluous background information, and, where appro-priate, composed in such away that “yes” or “no” (perhapswith provisos) would be an acceptable reply. The inquirystatement should be technically and editorially correct.
(2) Proposed Reply(ies). Provide a proposed replystating what it is believed that the Code requires. If inthe inquirer’s opinion, a revision to the Code isneeded, recommendedwording shall be provided in addi-tion to information justifying the change.

H-3 SUBMITTALInquiries should be submitted in typewritten form;however, legiblehandwritten inquirieswill be considered.They shall include the name and mailing address of theinquirer, and be mailed to the following address:SecretaryASME B31 CommitteeTwo Park AvenueNew York, NY 10016-5990

ASME B31.1-2020

269



MANDATORY APPENDIX N
RULES FOR NONMETALLIC PIPING AND PIPING LINED WITH

NONMETALS

FOREWORDASME B31.1 contains rules governing the design, fabri-cation, materials, erection, test, examination, inspection,operation, and maintenance of power piping systems.Experience in the application of nonmetallic materialsfor piping systems has shown that a number of considera-tions exist for the use of these materials that are notaddressed in the body of the Code. To address these,the requirements and recommendations for the use ofnonmetallic piping (except in paras. 105.3, 108.4, 116,and 118) have been separately assembled in this Appen-dix.
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Chapter N-I
Scope and Definitions

N-100 GENERALThis Appendix provides requirements for the design,materials, fabrication, erection, testing, examination,and inspection of nonmetallic piping and metallicpiping lined with nonmetals within the jurisdiction ofthe ASME B31.1 Power Piping Code. All references tothe Code or to Code paragraphs in this Appendix areto ASME B31.1. In this Appendix, nonmetallic pipingshall be limited to plastic and elastomer-based pipingmaterials, with or without fabric or fibrous materialadded for pressure reinforcement. Metallic piping linedwith nonmetals shall be limited to factory-madeplastic-lined ferrous metal pipe, fittings, and flangesproduced to one of the product standards for plastic-lined piping materials listed in Table N-126.1-1.Standards and specifications incorporated in thisAppendix are listed in Table N-126.1-1.The provisions in Chapters I through VI and inMandatory Appendices A through F are requirementsof this Appendix onlywhen specifically referenced herein.
N-100.1 Scope

N-100.1.1 All applicable requirements of para. 100.1and the limitations of para. 105.3 shall be met in additionto those in this Appendix.
N-100.1.2 Use of this Appendix is limited to
(a) water service.
(b) nonflammable and nontoxic liquid, dry material,and slurry systems.
(c) other services as specifically listed in sectionN-122.
(d) metallic piping lined with nonmetals. If used inaccordance with para. 122.9 for conveying corrosiveliquids and gases, the design of the lined piping systemshall meet the requirements of para. 104.7.
N-100.1.3 Nonmetallic piping systems shall not beinstalled in a confined space where toxic gases couldbe produced and accumulate, either from combustionof the piping materials or from exposure to flame orelevated temperatures from fire.

N-100.2 Definitions and Abbreviations

N-100.2.1 Termsanddefinitions relating to plastic andother nonmetallic piping materials shall be in accordancewith ASTM D883. The following terms and definitions arein addition to those provided in ASTM D883:
adhesive: amaterial designed to join two other componentmaterials together by surface attachment (bonding).

adhesive joint: a bonded joint made using an adhesive onthe surfaces to be joined.
bonder: one who performs a manual or semiautomaticbonding operation.
bonding operator: one who operates a machine or auto-matic bonding equipment.
bonding procedure: the detailed methods and practicesinvolved in the production of a bonded joint.
Bonding Procedure Specification (BPS): the document thatlists the parameters to be used in the construction ofbonded joints in accordance with the requirements ofthis Code.
butt-and-wrapped joint: a joint made by applying plies ofreinforcement saturated with resin to the surfaces to bejoined.
chopped roving: a collection of noncontinuous glassstrands gathered without mechanical twist. Eachstrand is made up of glass filaments bonded togetherwith a finish or size for application by chopper gun.
chopped strand mat: a collection of randomly orientedglass fiber strands, chopped or swirled together with abinder in the form of a blanket.
continuous roving: a collection of continuous glass strandswound into a cylindrical package without mechanicaltwist.
curing agent: a reactive material that, when combinedwith a resin material, reacts or polymerizes (cross-links) with the resin; also referred to as a hardener.
diluent:a reactivemodifyingmaterial, usually a liquid, thatreduces the concentration of a resin material to facilitatehandling characteristics and improve wetting.
electrofusion: a heat fusion joining process where the heatsource is an integral part of the fitting, such that whenelectric current is applied, heat is produced that meltsand joins the plastics.
fire retardant resin: a specially compounded materialcombined with a resin material designed to reduce oreliminate the tendency to burn.
flexibilizer:amodifying liquidmaterial added to a resinousmixture designed to allow the finished component theability to be flexedor less rigid andmoreprone tobending.
grout: a heavily filled paste material used to fill crevicesand transitions between piping components.

ASME B31.1-2020

271



heat fusion joint: a jointmade by heating the surfaces to bejoined and pressing them together so they fuse andbecome essentially one piece.
hot-gas welded joint: a joint made by simultaneouslyheating a filler material and the surfaces to be joinedwith a stream of hot air or hot inert gas until thematerialssoften, after which the surfaces to be joined are pressedtogether and welded with the molten filler material.
hydraulic design basis (HDB):
for reinforced thermosetting resins (filament wound or

centrifugally cast): one of a series of established stressvalues specified in ASTM Test Method D2992 for anRTR component, obtained by categorizing the long-term hydrostatic strength determined in accordancewith Test Method D2992.
for thermoplastics: one of a series of established stressvalues specified in ASTM Test Method D2837 for a plasticcompound, obtained by categorizing the long-termhydro-static strength determined in accordance with TestMethod D2837. This method subjects the material totensile stress for an extended period of time, and extrap-olates the creep results to estimate the tensile strength fora 50-yr life.

hydrostatic design stress (HDS): the estimated maximumtensile stress in the wall of the pipe in the circumferentialorientation due to internal hydrostatic pressure that canbe applied continuously with a high degree of certaintythat failure of the pipe will not occur. Estimated byapplying a design factor, typically 0.5 for thermoplasticsin water service, to the HDB.
liner: a coating or layer ofmaterial, constructed as, appliedto, or insertedwithin the inside surface of a piping compo-nent, intended to protect the structure from chemicalattack, to inhibit erosion, or to prevent leakage understrain.
seal weld: the addition of material external to a joint, bywelding or bonding, to enhance leak tightness.
solvent cement joint: a joint using a solvent cement tosoften the surfaces to be joined, after which the joiningsurfaces are pressed together and become essentiallyone piece as the solvent evaporates.
stiffness factor: the measurement of a pipe’s ability toresist deflection, as determined in accordance withASTM D2412.

thixotropic agent: amaterial added to resin to impart highstatic shear strength (viscosity) and low dynamic shearstrength.
ultraviolet absorber: a material that, when combined in aresinmixture,will selectively absorb ultraviolet radiation.
winding angle: the acute angle (θ in Figure N-100.2.1-1)between the pipe longitudinal axis and the helicalwindingof the reinforcing filament beingwound around amandrelto produce a filament-wound, fiber-reinforced thermoset-ting resin pipe.
woven roving: a heavy glass fiber fabric reinforcing mate-rial made by the weaving of glass fiber roving.

N-100.2.2 ð20ÞAbbreviations. Abbreviations used in thisAppendix denote materials and terms as follows:
Abbreviation TermABS [Note (1)] Acrylonitrile-butadiene-styreneAP PolyacetalCP Chlorinated polyetherCPVC [Note (1)] Chlorinated poly(vinyl chloride)DS Design stressFEP [Note (1)] Perfluoro(ethylene propylene)HDB Hydrostatic design basisHDPE High density polyethyleneHDS Hydrostatic design stressPA [Note (1)] Polyamide (nylon)PB PolybutylenePE [Note (1)] PolyethylenePFA Poly(perfluoroalkoxy)POP Poly(phenylene oxide)PP [Note (1)] PolypropylenePP-R Polypropylene (random)PPS PolyphenylenePR Pressure ratedPTFE [Note (1)] PolytetrafluoroethylenePVC [Note (1)] Poly(vinyl chloride)PVDC Poly(vinylidene chloride)PVDF Poly(vinylidene fluoride)RTR Reinforced thermosetting resinSDR Standard dimension ratioSIDR Standard inside diameter dimension ratio

NOTE: (1) Abbreviation in accordance with ASTM D1600.
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Figure N-100.2.1-1 Winding Angle of Filament-Wound Thermosetting Resin Pipe
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Chapter N-II
Design

PART 1
CONDITIONS AND CRITERIA

N-101 DESIGN CONDITIONS

N-101.1 General

N-101.1.1 The design conditions of para. 101 shallapply for the design of nonmetallic piping systems,except as noted below.
N-101.1.2 The design of nonmetallic piping systemsmust ensure the adequacy and suitability of materialand its manufacture, considering at least the following:
(a) tensile, compressive, flexural, shear strength, andmodulus of elasticity at design temperature (long-termand short-term)
(b) creep characteristics for the service conditions
(c) design stress and its basis
(d) coefficient of thermal expansion
(e) ductility and plasticity
(f) impact and thermal shock properties
(g) temperature limits for the service
(h) transition temperatures: melting and vaporization
(i) toxicity of the material or of the gases produced byits combustion or exposure to elevated temperatures
(j) porosity and permeability
(k) test methods
(l) methods of making joints and their efficiency
(m) deterioration in the service environment
(n) the effects on unprotected piping from externalheat sources, including solar radiation

N-101.2 Pressure

N-101.2.1 Basis for Design Pressure. For metallicpiping, design pressure is based on the maximumsustained operating pressure, in accordance withpara. 101.2.2, with an allowance for occasional operationabove design pressure, in accordance with para. 102.2.4.For nonmetallic piping, allowances for variations of pres-sure, temperature, orbothabovedesignconditionsarenotpermitted. It is the designer’s responsibility to identifyprobable occasional loads and to consider them in deter-mining design pressure. See para. N-102.2.4(a).

N-101.3 Temperature

N-101.3.1 Basis for Design Temperature. For metallicpiping, design temperature is based on the maximumsustained operating temperature, in accordance withpara. 101.3.2, with an allowance for occasional operationabove design temperature, in accordance with para.102.2.4. For nonmetallic piping, allowances for variationsof pressure, temperature, or both above design conditionsare not permitted. It is the designer’s responsibility toidentify probable occasional temperature variationsand to allow for them in determining design temperature.See para. N-102.2.4(a).
N-101.3.2 Temperature Gradient Through Wall.Because some nonmetallic piping materials have lowthermal conductivity, there can be a significant tempera-ture grad ien t through the component wa l l s .Table N-102.2.1-1, Note (2) describes how this is consid-ered in determining allowable stresses for nonmetallicmaterials.

N-102 DESIGN CRITERIA

N-102.1 GeneralThese criteria cover pressure–temperature ratings forstandard and specially designed components, allowablestresses, stress limits, and various allowances to beused in the design of piping and piping components.
N-102.2 Pressure–Temperature Ratings for

Components

N-102.2.1 Components Having Specific Ratings

(a) Standard components have specific pressure–temperature ratings established in accordance with thestandards listed in Table N-126.1-1. Other componentsmay be used in accordance with para. N-102.3. Theratings of Tables N-102.2.1-1 through N-102.2.1-3 arethe limiting values for allowable stresses at temperaturein this Appendix.
(b) The application of pressures exceeding the pres-sure–temperature ratings of valves and other standardcomponents is not permitted. Valves shall be selectedfor operation within the limits defined in para. N-102.2.4.

ASME B31.1-2020

274



Table N-102.2.1-1 ð20ÞHydrostatic Design Stresses (HDS) and Recommended Temperature Limits
for Thermoplastic Piping Components

U.S. Customary Units

ASTM
Spec. No. Material

Recommended
Temperature Limits
[Notes (1), (2), (3)]

Hydrostatic
Design Basis,
ksi, at 73°F

Hydrostatic Design Stress, Sa, ksi [Note (6)], at
Minimum,

°F
[Note (4)]

Maximum,
°F

[Note (5)]
73°F

[Note (7)] 100°F 140°F 180°FD2846, F441,F442 CPVC 4120 0 200 4.0 2.0 1.6 1.05 0.5
D2513, F2145 PA32312 −20 180 2.5 1.25 1.1 0.8 0.63
D2104, D2239,D2447, D2513,D2737, D3035 PE2708 −30 140 1.60 0.80 0.64 0.4 …PE3608 −30 140 1.60 0.80 0.64 0.4 …PE3708 −30 140 1.60 0.80 0.64 0.4 …PE3710 −30 140 1.60 1.00 0.80 0.5 …PE4708 −30 140 1.60 0.80 0.64 0.4 …PE4710 −30 140 1.60 1.00 0.80 0.5 …
… POP2125 [Note (8)] 30 210 … … … … …
… PP [Note (8)] 30 210 … … … … …
D1785, D2241,2513, D2672 PVC1120 0 100 4.0 2.0 1.2 … …PVC1220 0 100 4.0 2.0 1.2 … …PVC2110 0 100 2.0 1.0 0.6 … …PVC2112 0 100 2.5 1.25 0.8 … …PVC2116 0 100 3.2 1.6 1.0 … …PVC2120 0 100 4.0 2.0 1.2 … …
F599 PVDC [Note (8)] 40 160 … … … … …
F491 PVDF [Note (8)] 0 275 … … … … …

SI Units

ASTM
Spec. No. Material

Recommended
Temperature Limits
[Notes (1), (2), (3)]

Hydrostatic
Design Basis,
MPa, at 23°C

Hydrostatic Design Stress, Sa, MPa [Note (6)], at
Minimum,

°C
[Note (4)]

Maximum,
°C

[Note (5)]
23°C

[Note (7)] 38°C 60°C 82°CD2846, F441,F442 CPVC 4120 −18 93 27.6 13.8 11.0 7.2 3.4
D2513, F2145 PA32312 −29 82 17.2 8.6 7.6 5.5 4.3
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Table N-102.2.1-1 Hydrostatic Design Stresses (HDS) and Recommended Temperature Limits
for Thermoplastic Piping Components (Cont’d)

SI Units

ASTM
Spec. No. Material

Recommended
Temperature Limits
[Notes (1), (2), (3)]

Hydrostatic
Design Basis,
MPa, at 23°C

Hydrostatic Design Stress, Sa, MPa [Note (6)], at
Minimum,

°C
[Note (4)]

Maximum,
°C

[Note (5)]
23°C

[Note (7)] 38°C 60°C 82°CD2104, D2239,D2447, D2513,D2737, D3035 PE2708 −34 60 11.0 5.5 4.4 2.8 …PE3608 −34 60 11.0 5.5 4.4 2.8 …PE3708 −34 60 11.0 5.5 4.4 2.8 …PE3710 −34 60 11.0 6.9 5.5 3.4 …PE4708 −34 60 11.0 5.5 4.4 2.8 …PE4710 −34 60 11.0 6.9 5.5 3.4 …
… POP2125 [Note (8)] −1 99 … … … … …
… PP [Note (8)] −1 99 … … … … …
F2389 PP-R −4 210 1.26 0.63 0.5 0.3 0.2
D1785, D2241,D2513, D2672 PVC1120 −18 38 27.6 13.8 8.3 … …PVC1220 −18 38 27.6 13.8 8.3 … …PVC2110 −18 38 13.8 6.9 4.1 … …PVC2112 −18 38 17.2 8.6 5.5 … …PVC2116 −18 38 22.0 11.0 6.9 … …PVC2120 −18 38 27.6 13.8 8.3 … …
F599 PVDC [Note (8)] 5 71 … … … … …
F491 PVDF [Note (8)] −18 135 … … … … …NOTES:(1) These recommended limits are for low-pressure applicationswithwater and other fluids that do not significantly affect the properties of thethermoplasticmaterial. In conservativepractice, theupper temperature limitsmaybereducedathigherpressuresdependingon the requiredservice and expected life. Lower temperature limits are affectedmore by the environment, safeguarding, and installation conditions than bystrength.(2) Because of low thermal conductivity, temperature gradients through the piping component wall may be substantial. Tabulated limits applywhere more than half the wall thickness is at or below the stated temperature.(3) These recommended limits apply only to listed materials. Manufacturers should be consulted for temperature limits on specific types andkinds of materials not listed.(4) Minimum for installation.(5) Maximum for operation.(6) The HDS listed is for water service only, reflecting a design factor of 0.5 applied to the HDB. For other services, refer to PPI TR-9 or themanufacturer for recommended design factors.(7) Use these HDS values at all lower temperatures.(8) Nonpressure-boundary materials used primarily as liners. No established HDS.
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N-102.2.2 Components Not Having Specific Ratings

(a) Pipe and other piping components for which allow-able stresses have been developed in accordance withpara. N-102.3, but which do not have specific pres-sure–temperature ratings, shall be rated in accordancewith the rules for pressure design in para. N-104,within the range of temperatures for which stressesare listed in Tables N-102.2.1-1 through N-102.2.1-3.
(b) Pipe and other piping components that do not haveallowable stresses or pressure–temperature ratings shallbe qualified for pressure design as required inpara. N-104.7.
N-102.2.3 Ratings: Normal Operating Condition. Anonmetallic piping system shall be considered safe foroperation if the maximum anticipated coincidenttemperature and pressure that may act on any part orcomponent of the system does not exceed themaximum pressure and temperature allowed by thisCode for that particular part or component. The design

pressure and temperature shall not exceed the pres-sure–temperature rating for the particular componentand material as defined in the applicable specificationor standard listed in Table N-126.1-1. For metallicpiping with nonmetallic lining, the rules of para.102.2.3 apply, provided that the suitability of the liningmaterial for the maximum anticipated coincidenttemperature and pressure conditions has been estab-lished through prior successful extensive experience ortests.
N-102.2.4 Allowances for Pressure and Temperature

Variations

(a) Nonmetallic Piping. Allowances for variations ofpressure, temperature, or both above design conditionsare not permitted. The most severe conditions of coinci-dent pressure and temperature shall be used to determinethe design conditions.

Table N-102.2.1-2 ð20ÞDesign Stresses (DS) and Recommended Temperature Limits
for Laminated Reinforced Thermosetting Resin Piping Components

U.S. Customary Units

ASTM
Spec. No. Type Resin Reinforcing

Recommended Temperature
Limits [Note (1)]

Thickness, in.

Design
Stress, Sb,

ksi
[Note (2)]

Minimum,
°F

Maximum,
°FC582 I Polyester Glass fiber −20 180 All 0.9… … Furan Carbon −20 180 … …… … Furan Glass fiber −20 180 … …C582 II Epoxy Glass fiber −20 180 1∕8–3∕16 0.91∕4 1.25∕16 1.353∕8 and over 1.5

SI Units

ASTM
Spec. No. Type Resin Reinforcing

Recommended Temperature
Limits [Note (1)]

Thickness, mm

Design
Stress, Sb,

MPa
[Note (2)]

Minimum,
°C

Maximum,
°CC582 I Polyester Glass fiber −29 82 All 6.2… … Furan Carbon −29 82 … …… … Furan Glass fiber −29 82 … …C582 II Epoxy Glass fiber −29 82 3–5 6.26 8.38 9.39.5 and over 10.3NOTES:(1) These recommended limits are for low-pressure applicationswithwater and other fluids that do not significantly affect the properties of thethermoplastic material. In conservative practice, the upper temperature limits may be reduced at higher pressures, depending on therequired service andexpected life. Lower temperature limits are affectedmoreby the environment, safeguarding, and installation conditionsthan by strength.(2) TheDS values are based on a design factor of 0.1 applied to the tested tensile strength of the pipewallmaterial, and are applicable only in thetemperature range of −20°F through 180°F (−29°C through 82°C).
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Table N-102.2.1-3ð20Þ Hydrostatic Design Basis (HDB) for Machine-Made Reinforced Thermosetting Resin Pipe

U.S. Customary Units

ASTM
Spec. No. and

Type Grade Class

Material
Designation
ASTM D2310

HDB Stress, Sc [Note (1)],
at 73°F [Note (2)]

Cyclic, ksi
[Note (3)]

Static, ksi
[Note (4)]D2517 filament wound Glass fiberreinforced epoxyresin No liner RTRP-11AD 5.0 …RTRP-11AW … 16.0

D2996 filament wound Glass fiberreinforced epoxyresin No liner RTRP-11AD 5.0 …RTRP-11AW … 16.0Epoxy resin liner,reinforced RTRP-11FE 6.3 …RTRP-11FD 5.0 …
Glass fiberreinforced polyesterresin Polyester resin liner,reinforced RTRP-12EC 4.0 …RTRP-12ED 5.0 …RTRP-12EU … 12.5

No liner RTRP-12AD 5.0 …RTRP-12AU … 12.5
D2997 centrifugally cast Glass fiberreinforced polyesterresin Polyester resin liner,nonreinforced RTRP-22BT … 10.0RTRP-22BU … 12.5Epoxy resin liner,nonreinforced RTRP-21CT … 10.0RTRP-21CU … 12.5

SI Units

ASTM
Spec. No. and

Type Grade Class

Material
Designation
ASTM D2310

HDB Stress, Sc [Note (1)],
at 23°C [Note (2)]

Cyclic, MPa
[Note (3)]

Static, MPa
[Note (4)]D2517 filament wound Glass fiberreinforced epoxyresin No liner RTRP-11AD 34.5 …RTRP-11AW … 110.3

D2996 filament wound Glass fiberreinforced epoxyresin No liner RTRP-11AD 34.5 …RTRP-11AW … 110.3Epoxy resin liner,reinforced RTRP-11FE 43.4 …RTRP-11FD 34.5 …
Glass fiberreinforced polyesterresin Polyester resin liner,reinforced RTRP-12EC 27.6 …RTRP-12ED 34.5 …RTRP-12EU … 86.2

No liner RTRP-12AD 34.5 …RTRP-12AU … 86.2
D2997 centrifugally cast Glass fiberreinforced polyesterresin Polyester resin liner,nonreinforced RTRP-22BT … 68.9RTRP-22BU … 86.2Epoxy resin liner,nonreinforced RTRP-21CT … 68.9RTRP-21CU … 86.2
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(b) Metallic Piping Lined With Nonmetals. Allowancesfor pressure and temperature variations provided inpara. 102.2.4 are permitted only if the suitability of thelining material for the increased conditions is establishedthrough prior successful extensive experience or testsunder comparable conditions.
N-102.2.5 Ratings at Transitions. Where two servicesthat operate at different pressure–temperature condi-tions are connected, thevalve segregating the twoservicesshall be rated for themost severe service conditions.Otherrequirements of para. 102.2.5 must be considered whereapplicable.

N-102.3 Allowable Stresses and Other Limits

N-102.3.1 Allowable Stress Values

(a) General. Tables N-102.2.1-1 through N-102.2.1-3list recommended maximum allowable stresses in theform of hydrostatic design stresses (HDS), allowabledesign stresses (DS), and the hydrostatic design basis(HDB) that may be used in design calculations exceptwhere modified by other provisions of this Appendix.The use of HDS for calculations other than pressuredesignhasnot beenestablished. Thebasis fordeterminingallowable stresses and pressures is outlined in (b). Theallowable stresses are grouped by materials and listedfor stated temperatures. Where sufficient data havebeen provided, straight-line interpolation betweentemperatures is permissible. The materials listed areavailable from one or more manufacturers, and somemanufacturers may publish somewhat different HDSvalues for the materials from the values listed inTables N-102.2.1-1 through N-102.2.1-3. The manufac-turer’s publishedvalues for thesematerials are acceptablefor use where they have been established in accordancewith (b) and verified in accordance with para. N-104.7.
(b) Basis for Allowable Stresses for Internal Pressure
(1) Thermoplastics. A method of determining HDBand pressure rating (PR) is described in ASTM D2837,which also describes application of a design factor tothe HDB to determine HDS and PR. Hydrostatic designstresses are provided in Table N-102.2.1-1, based onHDB values listed in PPI TR-4 and design factors forwater from PPI TR-9. Design factors for other servicesare also given in PPI TR-9.

(2) Reinforced Thermosetting Resin (Laminated). Forlaminated piping components, the design stresses arelisted in Table N-102.2.1-2. These typically are basedon one-tenth of the minimum tensile strengths specifiedin Table 1 of ASTM C582.
(3) Reinforced Thermosetting Resin (FilamentWound

andCentrifugally Cast).For filament-woundandcentrifug-ally cast piping components, HDB values are listed inTable N-102.2.1-3. These values may be obtained byprocedures in ASTM D2992. HDS may be obtained bymultiplying the HDB by a service (design) factor1 selectedfor the application, in accordance with proceduresdescribed in ASTM D2992, within the following limits:
(-a) When using the cyclic HDB from Table N-102.2.1-3, the service (design) factor shall not exceed 1.0.
( - b ) When u s i n g t h e s t a t i c HDB f r omTable N-102.2.1-3, the service (design) factor shall notexceed 0.5.
(-c) The evaluation of stresses in filament-woundreinforced thermosetting resin pipe and fitting compo-nents must consider the different strengths in thehoop and axial directions of the material. For a 55-degfilament-winding angle (which is typical for filament-wound pipe), the axial strength is approximately one-half of the hoop strength of the material. For greaterwinding angles, the axial strength will be even lower.Figure N-102.3.1-1 shows a typical axial strengthversus hoop strength diagram for a filament-woundmate-rial. The data points for the axial strength at zero hoopstress and the axial strength at the maximum hoopstress will need to be provided by the vendor for his/her specific product, since no generic allowable stressdiagrams currently exist. Note that for most filament-wound fiberglass products, the portion of the allowableaxial stress available for weight, thermal expansion, andoccasional loads will approach zero as the hoop stressapproaches themaximumallowable limit for thematerial.
(-d) The stress analysis of the filament-woundpipe and fitting components must consider the simulta-neous axial and hoop stresses at each point in the pipingsystem, and take into account any hoop stress, stress

Table N-102.2.1-3 Hydrostatic Design Basis (HDB) for Machine-Made Reinforced Thermosetting Resin Pipe (Cont’d)NOTES:(1) A service (design) factor must be applied to the HDB values to obtain the HDS.(2) These HDB values apply only at 73°F (23°C). The standards covered in this Table only require testing at 73°F (23°C), using ASTMD2992 testprocedures. ASTMD2992makes provision for testing at higher temperatures, andmanufacturers also usually test to higher temperatures. Itis the designer’s responsibility to verify that the manufacturer has test data covering the design temperature for the application, and thatpressure–temperature ratings provided by the manufacturer reflect the service factor selected by the designer for the application.(3) When using the cyclic design basis, the service factor shall not exceed 1.0.(4) When using the static design basis, the service factor shall not exceed 0.5.

1The service (design) factor, F, should be selected by the designer afterevaluating fully the service conditions and the engineering properties ofthe specific material under consideration. Aside from the limits inparas. N-102.3.1(b)(3)(-a) and N-102.3.1(b)(3)(-b), it is not theintent of this Code to specify service (design) factors.
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intensification factors (SIFs), and axial stress SIFs thatmay be applicable to a given component.
(-e) Note that for aboveground pipe, due to thedifferent axial andhoop strengths of filament-wound rein-forced thermosetting resin pipe and fitting components,the minimum wall thickness required for the pipe andfitting components may be governed by the axial strengthrequirements, rather than just by hoop strength consid-erations.

N-102.3.2 Limits of Calculated Stresses Due to
Sustained Loads

(a) Internal Pressure Stresses. The limits for stress dueto internal pressure are provided in para. N-104.1.2.
(b) External Pressure Stresses. Thermoplastic piping,reinforced thermosetting resin piping, and metallicpiping lined with nonmetals, subject to external pressure,shall be considered safe when the wall thickness and/ormeans of st i f fening meet the requirements ofpara. N-104.7.2.
(c) External Loading Stresses. Design of piping underexternal loading shall be based on the following:
(1) For thermoplastic piping, see ASTM D2774 andAWWA M23.
(2) For reinforced thermosetting resin (RTR) piping,see ASTM D3839 and AWWA M45.
(3) The allowable deflection for RTR and thermo-plastic pipe shall be not more than 5% of the pipeinside diameter.

(4) Where other nonmetallic piping is intended foruse under conditions of external loading due to under-ground installation, it shall be subject to a crushing orthree-edge bearing test, in accordance with ASTM C14or ASTM C301, and the allowable load shall be 25% ofthe minimum value obtained. The limits of calculatedstresses due to external loading in aboveground installa-tions shall be qualified in accordancewith para. N-104.7.2.
N-102.3.3 Limits of Calculated Stresses Due to Occa-

sional Loads

(a) Operation. The sum of the stresses in any compo-nent in a piping system due to sustained loads, such aspressureandweight, andof the stressesproducedbyocca-sional loads, such as wind or earthquake, shall not exceedthe limits in the applicable part of para. N-102.3.2. Windand earthquake forces need not be considered as actingconcurrently. (For nonmetallic piping, anticipated tran-sient pressure and temperature variations are not consid-ered occasional loads.)
(b) Test. Stresses due to test conditions are not subjectto the limitations in (a). It is not necessary to considerother occasional loads, e.g., wind and earthquake, asoccurring concurrently with test loads.

N-102.4 Allowances

(a) Erosion, Corrosion, Threading, and Grooving. Indetermining the minimum required thickness of apiping component, allowances shall be included forerosion and for thread depth or groove depth.

Figure N-102.3.1-1 Typical Allowable Stress Curve for Filament-Wound Reinforced Thermosetting Resin Pipe
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(b) Mechanical Strength. When necessary, pipe wallthicknesses shall be increased to prevent overstress,damage, collapse, or buckling due to superimposedloads from supports, ice formation, backfill, or othercauses. Where increasing thickness will cause excessivelocal stress or is otherwise impractical, the requiredstrength may be obtained through the use of additionalsupports, braces, or other means without an increasedwall thickness. Particular consideration should begiven to the mechanical strength of a small branchconnected to large piping or to equipment.
PART 2

PRESSURE DESIGN OF PIPING COMPONENTS

N-103 CRITERIA FOR PRESSURE DESIGNThe design of piping components shall consider theeffects of pressure, temperature, and other factors inaccordance with paras. N-102.2 and N-104.1 throughN-104.7, and provide for allowances in accordancewith para. N-102.4. In addition, the design shall bechecked for adequacy of mechanical strength underother applicable loadings as required in paras.N-102.3.2 and N-102.3.3.
N-104 PRESSURE DESIGN OF COMPONENTS

N-104.1 Straight Pipe

N-104.1.1ð20Þ The required minimum wall thickness ofstraight sections of pipe, tm, shall be determined as
= +t t cm

(1)where
c = the sum of the mechanical allowances (thread orgroove depth), plus erosion and/or corrosionallowance, and the manufacturer’s minus toler-ance for product wall thickness, in. For threadedcomponents, the nominal thread depth shallapply. For mechanical surfaces or grooveswhere a tolerance is not specified, the toleranceshall be assumed to be 0.02 in. (0.5 mm) in addi-tion to the specified depth of the thread or groove.
t = pressure design thickness, in., as calculated inpara. N-104.1.2 for internal pressure, or in accor-dance with para. N-104.1.3 for external pressure

tm = minimum required thickness, in. (mm)
N-104.1.2ð20Þ Straight Pipe Under Internal Pressure

(a) The internal pressure design thickness, t, shall benot less than that calculated with the following equations:
(1) For thermoplastic pipe

=

+

t
D

S P2 / 1a

(2)

(2) For reinforced thermosetting resin (laminated)
=

+

t
D

S P2 / 1b

(3)
(3) For reinforced thermosetting resin (filamentwound and centrifugally cast)

=

+

t
D

S F P2 / 1c

(4)
where

D = outside diameter of pipe, in. (mm)
F = service design factor in accordance withpara. N-102.3.1(b)(3)
P = internal design gage pressure, psig [kPa (gage)]
Sa = hydrostatic design stress from Table N-102.2.1-1
Sb = design stress from Table N-102.2.1-2
Sc = hydrostatic design basis from Table N-102.2.1-3
(4) Metallic Pipe Lined With Nonmetals. Pressurelimitations shall be thoseestablishedby themanufacturer,considering both pressure and temperature limitations ofthe metal housings and sealing ability of the liner atflanged joints. In addition, the metallic pipe shall meetthe requirements of the mandatory sections of ASMEB31.1, including the pressure design requirements ofChapter II.

(b) The internal pressure design thickness, t, in (a)(1)and (a)(2) shall not includeany thickness ofpipewall rein-forced with less than 30% (by weight) of reinforcingfibers, or added liner thickness.
N-104.1.3 Straight Pipe Under External Pressure

(a) Thermoplastic Pipe. The external pressure designthickness shall be qualified as required by para. N-104.7.
(b) Reinforced Thermosetting Resin Pipe. For deter-mining design pressure thickness for straight pipeunder external pressure, the procedures outlined inASTM D2924 shall be followed. A safety factor of atleast 4 shall be used.
(c) Metallic Pipe Lined With Nonmetals
(1) The external pressure design thickness for thebase (outer) material shall be determined in accordancewith para. 104.1.3.
(2) The external pressure design thickness, t, for thelining material shall be qualified as required bypara. N-104.7.

N-104.2 Curved and Mitered Segments of Pipe

(a) Pipe Bends. Theminimum required thickness, tm, ofa pipe bend after bending shall be determined as forstraight pipe in accordance with para. N-104.1.
(b) Elbows. Manufactured elbows not in accordancewith para. N-102.2.1 shall meet the requirements ofpara. N-104.7.
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(c) Mitered Bends.Mitered bend sections shallmeet therequirements of para. N-104.7.
N-104.3 Intersections

N-104.3.1 Branch Connections

(a) General. A pipe having a branch connection isweakened by the opening that must be made in it.Unless the wall thickness of the pipe is sufficiently inexcess of that required to sustain the pressure, it is nec-essary to provide added reinforcement. The amount ofreinforcement required shall be in accordance with therequirements of para. N-104.7 except as provided in(b) and (c).
(b) BranchConnectionsUsingFittings.Abranchconnec-tion shall be considered to have adequate strength tosustain the internal and external pressure that will beapplied to it if a fitting (at tee, lateral, or cross) is usedin accordance with para. N-102.2.1.
(c) Additional Considerations. The requirements of (a)and(b)aredesigned toensuresatisfactoryperformanceofa branch connection subjected only to internal or externalpressure. The designer shall also consider the following:
(1) External forces andmomentsmay be applied to abranch connection by a thermal expansion and contrac-tion, by dead and live loads, by vibration or pulsating pres-sure, or by movement of piping terminals, supports, andanchors.
(2) Adequate flexibility shall be provided in branchpiping to accommodate movements of the run piping.
(3) Ribs, gussets, or clamps may be used for pres-sure-strengthening a branch connection in lieu of the re-inforcement requiredby (a) if theadequacyof thedesign isestablished in accordance with para. N-104.7.

N-104.4 ClosuresClosures in piping systems, e.g., those provided fortemporary or future lateral or end-point branches,shall be made using fittings, flanges, or parts listed inTable N-126.1-1 or designed in accordance with paras.N-104.3, N-104.5, and N-104.7.
N-104.5 Pressure Design of Flanges

(a) General
(1) Nonmetallic flanges that are rated in accordancewith published ASTM standards listed in Table N-126.1-1shall be considered suitable for use within the limitationsspecified in thisAppendix. Alternatively, flanges shall be inaccordance with para. 103 or may be designed in confor-mance with the requirements of this paragraph or para.N-104.7.
(2) Flanges for use with ring-type gaskets may bedesigned in accordance with ASME BPVC, Section VIII,Division 1, Mandatory Appendix 2, except that the allow-able stresses for nonmetallic components shall govern. All

nomenclature shall be as defined in ASME BPVC, exceptthe following:
P = design gage pressure
Sa = bolt design stress at atmospheric temperature(bolt design stresses shall not exceed those inMandatory Appendix A)
Sb = bolt design stress at design temperature (boltdesign stresses shall not exceed those inMandatory Appendix A)
Sf = allowable stress for flange material fromTables N-102.2.1-1 through N-102.2.1-3
(3) The flange design rules in (2) are not applicablefor designs employing full face gaskets that extendbeyondthe bolts. The forces and reactions in such a joint differfrom those joints employing ring-type gaskets, and theflanges should be designed in accordance with ASMEBPVC, Section VIII, Division 1, Nonmandatory AppendixY. (Note that the plastic flange sealing surface may bemore irregular than the sealing surface of a steelflange. For this reason, thicker and softer gaskets maybe required for plastic flanges.)

(b) Blind Flanges. Blind flanges shall be in accordancewith para. 103 or, alternatively, may be designed in accor-dance with para. 104.5.2, except that the allowablestresses for nonmetallic components shall be takenfrom the data in Tables N-102 .2 .1-1 throughN-102.2.1-3. Otherwise, the design of blind flangesshall meet the requirements of para. N-104.7.
N-104.6 ReducersReducers not in compliance with para. N-102.2.1 shallmeet the requirements of para. N-104.7.
N-104.7 Design of Other Components

N-104.7.1 Listed Components. Pressure-retainingcomponents manufactured in accordance with standardslisted in Table N-126.1-1 may be used in accordance withpara. N-102.2.1.
N-104.7.2 Unlisted Components and Products. Fornonmetallic pressure-retaining components and pipingproducts not complying with the standards and specifica-tions listed inTableN-126.1-1, and forproprietarycompo-nents and joints for which the rules in paras. N-103through N-104.6 do not apply, pressure design shall bebased on calculations consistent with the design criteriaof this Appendix and the Code. Thismust be substantiatedby one or more of the following, with consideration givento applicable dynamic effects, e.g., vibration and cyclicoperation, the effects of thermal expansion or contraction,and the load effects of impact and thermal shock:
(a) extensive successful service experience undercomparable design conditions with similarly propor-tioned components or piping elements made of thesame or like material
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(b) performance tests under design conditions,including applicable dynamic and creep effects, continuedfor a time period sufficient to determine the acceptabilityof the component or piping element for its design lifeFor either (a) or (b), reasonable interpolations betweensizes and pressure classes, and reasonable analogiesamong related materials, are permitted.
PART 3

SELECTION OF PIPING COMPONENTS

N-105 PIPEPipe and tube conforming to the standards and speci-fications listed in Table N-126.1-1 shall be usedwithin thelimitations of para. N-124 and within any limitationsimposed by the applicable standards themselves.
N-106 FITTINGS

N-106.1 Listed FittingsFittings made in accordance with the standards andspecifications listed in Table N-126.1-1 shall be usedwithin the limitations of para. N-124, within limitationsimposed by this Appendix or the body of this Code forspecific service or application, and within any limitationsimposed by the applicable standards themselves.
N-106.2 Unlisted FittingsFittings not covered by the standards listed inTable N-126.1-1 may be used if they conform to para.N-104.7.
N-107 VALVES

N-107.1 Listed ValvesValves conforming to the standards and specificationslisted in TableN-126.1-1 shall be usedwithin the specifiedpressure–temperature ratings . Metal l ic valvesconforming to the standards and specifications listedin Table 126.1-1, and used in nonmetallic piping, shallbe used within the specified pressure–temperatureratings.
N-107.2 Unlisted ValvesValves not complying with para. N-107.1 shall be of adesign, or equal to the design, that the manufacturerrecommends for the service and that conforms withpara. N-104.7.2.

PART 4
SELECTION AND LIMITATIONS OF PIPING JOINTS

N-110 GENERALJoints shall be suitable for the pressure–temperaturedesign conditions and shall be selected giving considera-tion to joint tightness and mechanical strength underthose conditions (including external loadings), the mate-rials of construction, thenatureof the fluid service, and thelimitations of paras. N-111 through N-118.
N-111 BONDED JOINTS

N-111.1 General LimitationsUnless limited elsewhere in para. N-111, jointsmade bybonding in accordance with para. N-127 and examined inaccordance with para. N-136.4 may be used within otherlimitations on materials and piping components in thisAppendix.
N-111.2 Specific Limitations

N-111.2.1 Hot-Gas Welded Joints. Hot-gas weldedjoints shall not be used for ASME B31.1 nonmetallic pres-sure piping.
N-111.2.2 Butt-and-Wrapped Joints. Butt-and-wrapped joints in RTRpiping shall bemadewith sufficientstrength to withstand the design pressure and externalloadings.

N-112 ð20ÞFLANGED JOINTS: GENERAL LIMITATIONSUnless limited elsewhere in para. N-112, flanged jointsmay be used, considering the requirements for materialsin Chapter N-III and for piping components in Part 3 ofChapter N-II, within the following limitations:
(a) Joints With Flanges of Different Ratings. Whereflanges of different ratings are bolted together, therating of the joint shall be that of the lower-ratedflange. Bolting torque shall be limited so that excessiveloads will not be imposed on the lower-rated flange inobtaining a tight joint.
(b) Metallic-to-Nonmetallic Flanged Joints. Wheremetallic and nonmetallic flanges are to be joined, bothshould be flat face. Full face gaskets are preferred. Iffull face gaskets are not used, bolting torque shall belimited so that the nonmetallic flange is not overloaded.

N-113 EXPANDED OR ROLLED JOINTSExpanded or rolled joints are not permitted in nonme-tallic piping systems.
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N-114 THREADED JOINTS

N-114.1 General Limitations

N-114.1.1 Threaded joints may be used within the re-quirements for materials in Chapter N-III and on pipingcomponents inPart3ofChapterN-IIwithin the limitationsbelow.
N-114.1.2 Threaded joints shall be avoided in anyservice where severe erosion or cyclic loading mayoccur, unless the joint has been specifically designedfor these conditions.
N-114.1.3 Where threaded joints are designed to beseal welded, thread-sealing compound shall not be used.
N-114.1.4 Layout of piping should minimize reactionloads on threaded joints, giving special consideration tostresses due to thermal expansion or contraction and theoperation of valves.
N-114.1.5ð20Þ Metallic-to-nonmetallic and dissimilarnonmetallic threaded joints are not permitted in pipingNPS 21∕2 (DN 65) and larger.

N-114.2 Specific Limitations

N-114.2.1 Thermoplastic Piping. Threaded joints inthermoplastic piping shall conform to the following re-quirements:
(a) Thepipewall shall beat least Schedule80 thickness.
(b) Pipe threads shall conform to ASME B1.20.1 NPT.Threaded fittings shall be compatible with that standard.
(c) A suitable thread lubricant and sealant shall bespecified.
(d) Threaded piping joints are not permitted in poly-olefin materials,2 because of creep characteristics thatmust be considered.
(e) For PVCpiping, the allowable pressure for threadedpiping shall be no more than 50% of that for unthreadedpiping of the same wall thickness and material grade.
N-114.2.2 Thermosetting Resin Piping. Threadedjoints in thermosetting resin piping shall conform tothe following requirements:
(a) Threads shall be factory cut ormolded on pipe endsand in matching fittings, with allowance for thread depthin accordance with para. N-104.1.1.
(b) Threading of plain ends of piping is not permitted,exceptwhere suchmale threadsare limited to the functionof forming a mechanical lock with matching femalethreads during bonding.
(c) Factory-cut or molded threaded nipples, couplings,or adapters bonded to plain end componentsmay be usedwhere necessary to provide connections to threadedmetallic piping.

N-115 FLARED LINING JOINTS FOR METALLIC
PIPING LINED WITH NONMETALSThe following apply:

(a) Welding.Welding is not permitted on lined compo-nents in the field.Weldingperformedby themanufacturertoproducepipe, fittings, and flanges tobeused for joints inelastomeric-lined piping systems shall be performed so asto maintain the continuity of the lining and its service-ability.
(b) Flared Linings
(1) General. Flared ends of linings made in accor-dance with the rules in this paragraph may be used,subject to material limitations.
(2) Specific Requirements. Flaring shall be limited toapplications that do not affect the serviceability of thelining.

N-116 BELL END JOINTSParagraph 116 applies.
N-118 PROPRIETARY JOINTSMetal coupling, mechanical, gland, and other proprie-tary jointsmaybe usedwithin the limitations onmaterialsin Part 3 of this Chapter.

PART 5
EXPANSION, FLEXIBILITY, AND
PIPE-SUPPORTING ELEMENTS

N-119 EXPANSION AND FLEXIBILITY

N-119.1 General Concepts

N-119.1.1 Elastic Behavior. The concept of pipingstrain imposed by the restraint of thermal expansionor contraction, and by external movements, applies inprinciple to nonmetals. Nevertheless, the assumptionthat stresses can be predicted from these strains in anonmetallic piping system, based on the linear elasticcharacteristics of the material, is generally not valid.The variation in elastic characteristics between otherwisesimilar material types, between source manufacturers,and between batch lots of the same source materialcan at times be significant. If a method of flexibilityanalysis that assumes elastic behavior is used, thedesigner must be able to demonstrate its validity forthe system and must establish conservative limits forthe computed stresses.
N-119.1.2 Overstrained Behavior. Stresses cannot beconsidered proportional to displacement strains innonmetallic piping systems where an excessive level ofstrain may be produced in a localized area of thesystemand inwhichelastic behaviorof thepipingmaterialis uncertain (see unbalanced systems in para. 119.3).2The polyolefin group of materials includes polyethylene, polypropy-lene, and polybutylene.
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Overstrainmust beminimized by effective system routingto avoid thenecessity of a requirement for special joints orexpansion devices for accommodating excessive displace-ments.
N-119.1.3 Progressive Failure. In thermoplastics andsome thermosetting resins, displacement strains are notlikely to produce immediate failure of piping, but mayproduce unacceptable distortion. Thermoplastics, partic-ularly, are prone to progressive deformation that mayoccur upon repeated thermal cycling or under prolongedexposure to elevated temperature.
N-119.1.4 Brittle Failure. In brittle thermosettingresins, the materials are essentially rigid in behaviorand may readily develop high displacement stresses, tothe point of sudden breakage or fracture, under moderatelevels of strain.

N-119.5 Flexibility

N-119.5.1 Piping systems shall have sufficient flex-ibility to prevent the effects of thermal expansion orcontraction, the movement of pipe supports or terminalpoints, or pressure elongation from causing
(a) failure of piping or supports from overstrain orfatigue
(b) leakage at joints
(c) unacceptable stresses or distortion in the piping orin connected equipment
N-119.5.2 Where nonmetallic piping and componentsare used, piping systems must be designed and routed sothat flexural stresses resulting from displacements due toexpansion, contraction, and other causes are minimized.This concept requires special attention for supports andrestraints, for the terminal connections, and for the tech-niques outlined in para. 119.5.1. Further information onthe design of thermoplastic piping can be found in PPI TR-21.
N-119.5.3 For metallic piping lined with nonmetals,the designer must consider the integrity of the liningin designing for piping flexibility. This is a special consid-eration for linings that are less flexible than the metallicpiping, e.g., glass or ceramics.

N-119.6 Properties for Flexibility Analysis

N-119 .6 .1 Thermal Expans ion Data . Tab leN-119.6.1-1 lists coefficients of thermal expansion forseveral nonmetallic materials. More-precise values insome instances may be obtained from the manufacturersof these materials. If the values are to be used in stressanalysis, the thermal displacements shall be determinedas indicated in para. 119.
N-119.6.2 Modulus of Elasticity. Table N-119.6.2-1lists representative data on the tensile modulus of elas-ticity, E, for several nonmetals. More-precise values in

some instances may be obtained from the manufacturersof these materials. (Note that the modulus may vary withthe geometrical orientation of a test sample for filler-rein-forced, filament-wound, or impregnated nonmetallicmaterials.) For materials and temperatures not listed,refer to an authoritative source, e.g., publications ofthe National Institute of Standards and Technology.
N-119.6.3 Poisson’s Ratio. For nonmetals, Poisson’sratio will vary widely, depending on materials andtemperature. For that reason, formulas used in linearelastic stress analysis canbeused only if themanufacturerhas test data to substantiate the use of a specific Poisson’sratio for that application.
N-119.6.4 Dimensions. The nominal thickness andoutside diameters of pipe and fittings shall be used in flex-ibility calculations.
N-119.6.5 Metallic Pipe Lined With Nonmetals. Flex-ibility and stress analysis for metallic pipe lined withnonmetals shall be in accordance with para. 119,except that any limitations on allowable stresses ormoments recommended by the manufacturers of thelined pipe shall be observed.

N-119.7 Analysis

N-119.7.1 Formal stress analysis is not required forsystems that
(a) are duplicates, or replacements without significantchange, of successfully operating installations
(b) can readily be judged adequate by comparisonwithpreviously analyzed systems
(c) are routed with a conservative margin of inherentflexibility or employ joining methods or expansion jointdevices, or a combination of thesemethods, in accordancewith the applicable manufacturer’s instruction
N-119.7.2 A substantiating stress analysis is requiredfor a system not meeting the above criteria. The designermay demonstrate that adequate flexibility exists byemploying a simplified, approximate, or comprehensivestress analysis, using a method that can be shown tobe valid for the specific case. If essentially elastic behaviorcan be demonstrated for a piping system (seepara. N-119.1.1), the methods outlined in para. 119may be applicable.
N-119.7.3 Special attention shall begiven tomovement(displacement or rotation) of the piping with respect tosupports and points of close clearance. Movements of arun at the junction of a small branch shall be consideredin determining the need for flexibility in the branch.

N-120 LOADS ON PIPE-SUPPORTING ELEMENTSParagraph 120 applies.
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N-121 DESIGN OF PIPE-SUPPORTING ELEMENTS

N-121.1 GeneralIn addition to the other applicable requirements ofparas. 120 and 121, supports, guides, and anchorsshall be selected and applied to comply with the require-ments of para. N-119 and paras. N-121.1.1 throughN-121.1.4.
N-121.1.1 Support or restraint loads shall be trans-mitted to piping attachment or bearing points in amanner that will preclude pipe-wall deformation ordamage. Padding or other isolation material should beinstalled in support or restraint clearance spaces foradded protection.
N-121.1.2 Valves and in-line components should beindependently supported to prevent the imposition ofhigh load effects on the piping or adjacent supports.
N-121.1.3 Nonmetallic piping should be guardedwhere such systems are exposed to casual damagefrom traffic or other work activities.

N-121.1.4 A manufacturer’s recommendations forsupport shall be considered.
N-121.11 Thermoplastic and RTR PipingSupports shall be spaced to avoid excessive displace-ment at design temperature and within the design lifeof thepiping system.Decreases in themodulusof elasticitywith increasing temperature, and creep of the materialwith time shall be considered where applicable. The coef-ficient of thermal expansion of most plastic materials ishigh and must be considered in the design and location ofsupports and restraints.
N-121.12 Burial of Thermoplastic and RTR Pipe

N-121.12.1 Design.Buriedpipedesign requires consid-eration of burial depth, soil type, and compaction to deter-mine the external loads on the pipe. For AWWA C900 PVCpipe, AWWA Manual M23 outlines applicable designprocedures for water utility service. For AWWA C950RTR pipe, AWWA Manual M45 outlines similar

Table N-119.6.1-1ð20Þ Thermal Expansion Coefficients, Nonmetals

Material Description
Mean Coefficients

10−6 in./in./°F Range, °F 10−6 mm/mm/°C Range, °C
ThermoplasticsPVC Type 1120 30 23–37 54 −5 to +3PVC Type 2116 40 37–45 72 3−7CPVC 4120 34 … 61 …
PE2708 100 32–120 180 0–49PE3608 90 32–120 162 0–49PE3708 90 32-120 162 0–49PE3710 90 32–120 162 0–49PE4708 80 32–120 144 0–49PE4710 80 32–120 144 0–49
Polypropylene 43 … 77 …Polypropylene — random 83 32–120 150 0–49Poly(vinylidine chloride) 85 … 153 …Poly(vinylidine fluoride) 100 … 180 …
Reinforced Thermosetting ResinsEpoxy-glass, centrifugally cast 9–13 … 16–23.5 …Epoxy-glass, filament-wound 9–13 … 16–23.5 …Polyester-glass, centrifugally cast 9–15 … 16–27 …Polyester-glass, filament-wound 9–11 … 16–20 …Polyester-glass, hand lay-up 12–15 … 21.5–27 …
OtherHard rubber (Buna N) 40 … 72 …GENERAL NOTE: Values in this Table are representative. Values at actual design temperature shall be obtained from the manufacturers.
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procedures. It is thedesigner’s responsibility to verify thatthe procedures are applicable for other services andpiping materials. Minimum pipe stiffness for RTR pipeshallmeet the requirementsofAWWAC950 for5%deflec-tion. The minimum stiffness shall be determined at 5%deflection using the apparatus and procedures ofASTM D2412.
N-121.12.2 Installation. The pipe manufacturer’s rec-ommendations shall be equal to or more stringent thanthose described in ASTM D3839 for RTR pipe or ASTMD2774 for thermoplastic pipe. Themanufacturer’s recom-mendations shall be followed.

PART 6
SYSTEMS

N-122 DESIGN REQUIREMENTS PERTAINING TO
SPECIFIC PIPING SYSTEMSThe use of nonmetallic piping materials and compo-nents, under the scope of this Appendix, shall belimited to those services and conditions stated inpara. 100.1.2 or specifically permitted in this section.In addition

(a) nonmetallic materials shall not be used undersevere cyclic conditions unless it can be demonstratedthat the materials are suitable for the intended servicein accordance with para. N-104.7.
(b) these materials shall be appropriately protectedagainst transient or operating temperatures and pres-sures beyond design limits, and shall be adequatelyprotected against mechanical damage.
(c) limitations on the use or application of materials inthis Appendix apply to pressure-containing parts. They donot apply to the use of materials for supports, linings,gaskets, or packing.

N-122.7 Piping for Flammable or Combustible
Liquids

N-122.7.1 ð20ÞPolyethylene and reinforced thermosettingresin pipe may be used for flammable or combustibleliquids inburied installations only. The fluid temperaturesshall not exceed 140°F (60°C) and pressures shall belimited to 150 psig [1.035 MPa (gage)]. Particular caremust be exercised to prevent damage to RTR piping atthe connection to the main or other facility. Precautionsshall be taken to prevent crushing or shearing of RTRpiping due to external loading or settling of backfilland to prevent damage or pullout from the terminalconnection resulting from thermal expansion or contrac-tion.RTR piping may terminate above ground and outside abuilding, provided that
(a) the aboveground portion of the RTR pipe is com-pletely enclosed in a conduit or casing of sufficientstrength to provide protection from external damageand deterioration. Where a flexible conduit is used, thetop of the riser must be attached to a solid support.The conduit or casing shall extend a minimum of 6 in.(150 mm) below grade.
(b) the RTR pipe is not subjected to excessive stressesdue to external loading.

N-122.8 Piping for Flammable Gases, Toxic Gases
or Liquids, or Nonflammable Nontoxic
Gases

N-122.8.1 ð20ÞPolyethylene pipe may be used for naturalgas service in buried installations only. The fluid tempera-tures shall not exceed 140°F (60°C) nor be below −20°F

Table N-119.6.2-1ð20Þ Modulus of Elasticity, Nonmetals

Material Description
E, ksi (73.4°F)
[Note (1)]

E, MPa (23°C)
[Note (1)]

ThermoplasticsPVC Type 1120 420 2895PVC Type 2116 360 2485CPVC 4120 420 2895
PE2708 100 690PE3608 125 860PE3708 125 860PE3710 125 860PE4708 130 897PE4710 130 897
Polypropylene 120 825Polypropylene — random 201 1386Poly(vinylidene chloride) 100 690Poly(vinylidene fluoride) 194 1340
Thermosetting Resins, Axially ReinforcedEpoxy-glass, centrifugally cast 1,200–1,900 8275–13100Epoxy-glass, filament-wound 1,100–2,000 7585–13790Polyester-glass, centrifugally cast 1,200–1,900 8275–13100Polyester-glass, filament-wound 1,100–2,000 7585–13790Polyester-glass, hand lay-up 800–1,000 5515–6895
OtherHard rubber (Buna N) 300 2070NOTE: (1) The modulus of elasticity values for thermosetting resinpipe are given in the longitudinal direction; different valuesmayapplyin the circumferential or hoop direction. The modulus of elasticityvalues for thermoplastic resin pipe are temperature dependentand stress–time related. In all cases for materials listed in thisTable, manufacturers shall be consulted for specific product informa-tion.
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(−29°C), and pressures shall be limited to 100 psig [0.690MPa (gage)]. Pipe joints shall be heat fused in accordancewith a Bonding Procedure Specification meeting the re-quirements of para. N-127.
N-122.9 Piping for Corrosive Liquids and Gases

N-122.9.1 For nonmetallic piping used to conveycorrosive or hazardous liquids or gases in accordancewith para. 122.9, the design shall meet the requirementsof para. N-104.7.2, in addition to the materials limitationrequirements of para. N-124.9.

N-122.9.2 Abovegroundnonmetallic piping conveyingcorrosive or hazardous fluids shall be installed in aguarded manner that will prevent damage duringconstruction, operation, or service.
N-122.9.3 For metallic piping lined with nonmetalsused to convey corrosive or hazardous liquids or gasesin accordance with para. 122.9, the design shall meetthe requirements of para. N-104.7.2.
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Chapter N-III
Materials

N-123 GENERAL REQUIREMENTSParagraph N-123 provides limitations and qualifica-tions for materials based on their inherent properties.The use of these materials in piping may also besubject to requirements and limitations in other partsof the Code.
N-123.1 Materials and Specifications

N-123.1.1 Listed Materials. Listed materials used inpressure-containing piping shall have basic allowablestresses and other design limits as covered inpara. N-102.3.
N-123.1.2 Unlisted Materials. Unlisted materials usedin pressure-containing piping shall have basic allowablestresses and other design limits as covered inpara. N-102.3 or on a more conservative basis. Unlistedmaterials shall be qualified in accordance with the re-quirements of para. N-104.7.2.
N-123.1.3 Unknown Materials. Materials of unknownspecification or standard shall not be used.

N-124 LIMITATIONS ON MATERIALS

N-124.1 Temperature LimitationsThe designer shall determine that materials that meetother requirements of this Appendix are suitable for thefluid service throughout the operating temperature rangeof the systems in which the materials will be used.
N-124.1.1 Thermoplastic Piping Components.Table N-102.2.1-1 provides hydrostatic design stresses(HDS) and recommended temperature limits for thermo-plastic piping components.
N-124.1.2 Laminated Reinforced Thermosetting

Resin Piping Components. Table N-102.2.1-2 providesdesign stresses (DS) and recommended temperaturelimits for laminated RTR piping components.
N-124.1.3ð20Þ Machine-Made Reinforced Thermosetting

Resin Pipe. Table N-102.2.1-3 provides hydrostaticdesign basis (HDB) at a temperature level of 73°F(23°C) for machine-made RTR pipe.

N-124.1.4 Notes for Tables N-102.2.1-1 Through
N-102.2.1-3. The basis for setting minimum andmaximum temperatures varies with the differenttables, as noted in the Notes for each table.

N-124.1.5 ð20ÞUpper Temperature Limitations

(a) The maximum design temperature for a listedmaterial shall not exceed maximum temperatureslisted in Tables N-102.2.1-1 and N-102.2.1-2, as applica-ble, except as provided in para. N-102.3.1.
(b ) An un l i s ted mater ia l acceptab le underpara.N-123.1.2 shall haveupper temperature limits estab-lished in accordance with para. N-102.2.
N-124.1.6 ð20ÞLower Temperature Limitations

(a) Theminimumdesign temperature for a listedmate-rial shall not be lower than the minimum temperatureslisted in Tables N-102.2.1-1 and N-102.2.1-2, as applica-ble, except as provided in para. N-102.3.1(a).
(b ) An un l i s ted mater ia l acceptab le underpara.N-123.1.2 shall have lower temperature limits estab-lished in accordance with the manufacturer’s recommen-dation but in no case less than −20°F (−29°C).

N-124.9 Installation Limitations for Nonmetallic
Piping

N-124.9.1 General

(a) Nonmetallic materials shall be guarded againstexcessive temperature, shock, vibration, pulsation, andmechanical abuse in all fluid services.
(b) Requirements in this paragraph apply to pressure-containing parts. They do not apply to materials used forsupports, gaskets, or packing.
N-124.9.2 Thermoplastics

(a) Thermoplastics shall not be used in flammable fluidservice aboveground, unless all of the following are met:
(1) Thesizeof thepipingdoesnot exceedDN25(NPS1).
(2) Owner’s approval is obtained.

(b) When used in other than nontoxic, nonflammable,liquid service, thermoplastics shall be installed in aguarded manner that will prevent damage duringconstruction, operation, or service.
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(c) PVCandCPVCshall notbeused in compressedair orother compressed gas service.
N-124.9.3 Reinforced Thermosetting Resins Piping.When used for corrosive, hazardous, or flammablefluid service, RTR piping shall be installed in a guardedmanner that will prevent damage during construction,operation, or service.
N-124.9.4 Reinforced Plastic Mortar (RPM) Piping.When used in other than nontoxic, nonflammable,liquid service, RPM piping shall be installed in a

guarded manner that will prevent damage duringconstruction, operation, or service.
N-125 MISCELLANEOUS MATERIALS: JOINING

AND AUXILIARY MATERIALSWhen selecting materials, e.g., cements, solvents,packing, and O-rings, for making or sealing joints, thedesigner shall consider their suitability for the fluidservice.
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Chapter N-IV
Specifications and Standard Data

N-126 MATERIAL SPECIFICATIONS AND
STANDARDS

N-126.1 Standard Piping ComponentsDimensions of standard piping components shallcomply with the standards and specifications listed inTable N-126.1-1 in accordance with the requirementsof para. N-102.2.1. Abbreviations used in this Appendixare listed in para. N-100.2.2.
N-126.2 Nonstandard Piping ComponentsWhere nonstandard piping components are designed inaccordance with para. N-104.7, adherence to dimensionalstandards of ANSI and ASME is strongly recommendedwhere practical. Dimensions of piping connectionthreads not covered by a governing component specifica-tion or standard shall conform to para. N-114.

N-126.3 Reference Documents

(a) The documents listed in Table N-126.1-1 maycontain references to codes, standards, or specificationsnot listed in the table. Such unlisted codes, standards, orspecifications are to be used only in the context of thelisted documents in which they appear.
(b) Wheredocuments listed inTableN-126.1-1 containdesign rules that are in conflict with this Appendix, thedesign rules of this Appendix shall govern.
(c) The fabrication, assembly, examination, inspection,and testing requirements of Chapters N-V and N-VI applyto the construction of piping systems. These requirementsare not applicable to the manufacture of material orcomponents listed in Table N-126.1-1 unless specificallystated.
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Table N-126.1-1 Nonmetallic Material and Product Standards

Designation
[Notes (1), (2)] Standard or Specification

Nonmetallic FittingsASTM D2464-99ϵ1 Threaded Poly(Vinyl Chloride) (PVC) Plastic Pipe Fittings, Schedule 80ASTM D2466-05 Poly(Vinyl Chloride) (PVC) Plastic Pipe Fittings, Schedule 40ASTM D2467-05 Poly(Vinyl Chloride) (PVC) Plastic Pipe Fittings, Schedule 80ASTM D2513-04a Thermoplastic Gas Pressure Pipe, Tubing, and FittingsASTM D2517-05 Reinforced Epoxy Resin Gas Pressure Pipe and FittingsASTM D2609-02 Plastic Insert Fittings for Polyethylene (PE) Plastic PipeASTM D2683-04 Socket-Type Polyethylene Fittings for Outside Diameter-Controlled Polyethylene Pipe and TubingASTM D2846-99ϵ1 Chlorinated Poly(Vinyl Chloride) (CPVC) Plastic Hot- and Cold-Water Distribution SystemsASTM D3261-03 Butt Heat Fusion Polyethylene (PE) Plastic Fittings for Polyethylene (PE) Plastic Pipe and TubingASTM D3309-96a(2002) Polybutylene (PB) Plastic Hot- and Cold-Water Distribution SystemsASTM D4024-05 Machine Made “Fiberglass” (Glass-Fiber-Reinforced Thermosetting Resin) FlangesASTM D5685-05 “Fiberglass” (Glass-Fiber-Reinforced Thermosetting-Resin) Pressure Pipe FittingsASTM D6041-97(2002) Contact-Molded “Fiberglass” (Glass-Fiber-Reinforced Thermosetting Resin) Corrosion Resistant Pipe andFittingsASTM F437-99 Threaded Chlorinated Poly(Vinyl Chloride) (CPVC) Plastic Pipe Fittings, Schedule 80ASTM F438-04 Socket-Type Chlorinated Poly(Vinyl Chloride) (CPVC) Plastic Pipe Fittings, Schedule 40ASTM F439-05 Chlorinated Poly (Vinyl Chloride) (CPVC) Plastic Pipe Fittings, Schedule 80ASTM F1055-98ε1 Electrofusion Type Polyethylene Fittings for Outside Diameter Controlled Polyethylene Pipe and TubingASTM F1970-05 Special Engineered Fittings, Appurtenances or Valves for Use in Poly(Vinyl Chloride) (PVC) or ChlorinatedPoly(Vinyl Chloride) (CPVC) Systems
Nonmetallic Pipe and Tube ProductsAPI 15LE-95 Polyethylene Line PipeAPI 15LP-87 Thermoplastic Line Pipe (PVC and CPVC)API 15LR-01 Low Pressure Fiberglass Line PipeASTM C14-03 Concrete Sewer, Storm Drain, and Culvert PipeASTM D1527-99(2005) Acrylonitrile-Butadiene-Styrene (ABS) Plastic Pipe, Schedules 40 and 80ASTM D1785-05 Poly(Vinyl Chloride) (PVC) Plastic Pipe, Schedules 40, 80, and 120ASTM D2104-03 Polyethylene (PE) Plastic Pipe, Schedule 40ASTM D2239-03 Polyethylene (PE) Plastic Pipe (SIDR-PR) Based on Controlled Inside DiameterASTM D2241-04b Poly(Vinyl Chloride) (PVC) Pressure-Rated Pipe (SDR Series)ASTM D2282-99(2005) Acrylonitrile-Butadiene-Styrene (ABS) Plastic Pipe (SCR-PR)ASTM D2310-01 Machine-Made “Fiberglass” (Glass-Fiber-Reinforced Thermosetting-Resin) PipeASTM D2447-03 Polyethylene (PE) Plastic Pipe, Schedules 40 and 80, Based on Outside DiameterASTM D2513-04a Thermoplastic Gas Pressure Pipe, Tubing, and FittingsASTM D2517-05 Reinforced Epoxy Resin Gas Pressure Pipe and FittingsASTM D2672-96a(2003) Joints for IPS PVC Pipe Using Solvent CementASTM D2737-03 Polyethylene (PE) Plastic TubingASTM D2774-04 Underground Installation of Thermoplastic Pressure PipingASTM D2846-99ε1 Chlorinated Poly(Vinyl Chloride) (CPVC) Plastic Hot- and Cold-Water Distribution SystemsASTM D2996-01 Filament-Wound “Fiberglass” (Glass-Fiber-Reinforced Thermosetting-Resin) PipeASTM D2997-01 Centrifugally Cast “Fiberglass” (Glass-Fiber-Reinforced Thermosetting-Resin) PipeASTM D3035-03a Polyethylene (PE) Plastic Pipe (DR-PR) Based on Controlled Outside DiameterASTM D3309-96a Polybutylene (PB) Plastic Hot- and Cold-Water Distribution SystemsASTM F441-02 Chlorinated Poly(Vinyl Chloride) (CPVC) Plastic Pipe, Schedules 40 and 80ASTM F442-99 Chlorinated Poly(Vinyl Chloride) (CPVC) Plastic Pipe (SDR-PR)ASTM F714-05 Polyethylene (PE) Plastic Pipe (SDR-PR) Based on Outside DiameterASTM F1545-97 Plastic-Lined Ferrous Metal Pipe, Fittings, and FlangesASTM F2389-07ε1 Pressure-Rated Polypropylene (PP) Piping Systems
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Table N-126.1-1 Nonmetallic Material and Product Standards (Cont’d)

Designation
[Notes (1), (2)] Standard or Specification

Nonmetallic Pipe and Tube Products (Cont’d)*AWWA C900-97 Polyvinyl Chloride (PVC) Pressure Pipe, 4 in. Through 12 in., for Water DistributionAWWA C906-99 Polyethylene (PE) Pressure Pipe and Fittings, 4 in. (100 mm) Through 63 in. (1,575 mm), for WaterDistribution and Transmission*AWWA C950-01 Fiberglass Pressure Pipe
Miscellaneous*ASME B16.40-2008 Manually Operated Thermoplastic Gas Shutoffs and Valves in Gas Distribution SystemsASTM C301-04 Standard Test Methods for Vitrified Clay PipeASTM C582-02 Contact-Molded Reinforced Thermosetting Plastic (RTP) Laminates for Corrosion-Resistant EquipmentASTM D883-00 Standard Terminology Relating to PlasticsASTM D1600-99 Standard Terminology for Abbreviated Terms Relating to PlasticsASTM D2235-04 Solvent Cement for Acrylonitrile-Butadiene-Styrene (ABS) Plastic Pipe and FittingsASTM D2412-02 Determination of External Loading Characteristics of Plastic Pipe by Parallel-Plate LoadingASTM D2564-04 Solvent Cements for Poly(Vinyl Chloride) (PVC) Plastic Piping SystemsASTM D2657-03 Heat Fusion Joining of Polyolefin Pipe and FittingsASTM D2837-04 Obtaining Hydrostatic Design Basis for Thermoplastic Pipe Materials or Pressure Design Basis forThermoplastic Pipe ProductsASTM D2855-96(2005) Making Solvent-Cemented Joints With Poly(Vinyl Chloride) (PVC) Pipe and FittingsASTM D2924-01 External Pressure Resistance of “Fiberglass” (Glass-Fiber-Reinforced Thermosetting-Resin) PipeASTM D2992-01 Obtaining Hydrostatic or Pressure Design Basis for “Fiberglass” (Glass-Fiber-ReinforcedThermosetting-Resin) Pipe and FittingsASTM D3139-98(2005) Joints for Plastic Pressure Pipes Using Flexible Elastomeric SealsASTM D3839-02ε1 Underground Installation of “Fiberglass” (Glass-Fiber-Reinforced Thermosetting-Resin) PipeASTM F336-02 Design and Construction of Nonmetallic Enveloped Gaskets for Corrosive ServiceASTM F412-07 Standard Terminology Relating to Plastic Piping SystemsASTM F493-04 Solvent Cements for Chlorinated Poly(Vinyl Chloride) (CPVC) Plastic Pipe and FittingsASTM F1290-98a Electrofusion Joining Polyolefin Pipe and FittingsASTM F1498-00ε1 Taper Pipe Threads 60° for Thermoplastic Pipe and FittingsAWWA M23-02 PVC Pipe — Design and InstallationAWWA M45-05 Fiberglass Pipe DesignMSS SP-122-2005 Plastic Industrial Ball ValvesPPI TR-4/2006B Plastics Pipe Institute (PPI) Listing of Hydrostatic Design Basis (HDB), Hydrostatic Design Stress (HDS),Strength Design Basis (SDB), Pressure Design Basis (PDB) and Minimum Required Strength (MRS)Ratings for Thermoplastic Piping Materials or PipePPI TR-9/2002 Recommended Design Factors and Design Coefficients for Thermoplastic Pressure PipePPI TR-21/2001 Thermal Expansion and Contraction in Plastics Piping SystemsNOTES:(1) An asterisk (*) preceding the designation indicates that the standard has been approved as an American National Standard by the AmericanNational Standards Institute.(2) Numbers in parentheses are reapproval dates.
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Chapter N-V
Fabrication, Assembly, and Erection

N-127 BONDING PLASTIC JOINTS

N-127.1 General

N-127.1.1 Bonded joints that conform to this Chaptermay be used in accordance with para. N-111.
N-127.1.2 Production joints shall be made only inaccordance with a written Bonding Procedure Specifica-tion (BPS) that has been qualified in accordance withpara. N-127.5.
N-127.1.3 Production joints shall be made only byqualified bonders or bonding operators who have satis-factorily passed a performance qualification test that hasbeen performed in accordance with a written BPS, inaccordance with para. N-127.5.
N-127.1.4 Qualification in one BPS does not qualify abonder or bonding operator for any other bonding proce-dure.
N-127.1.5 Bonding materials that have been deterio-rated by exposure to air or prolonged storage, or that willnot spread smoothly, shall not be used.
N-127.1.6 Longitudinal joints are not within the scopeof this paragraph.
N-127.1.7 Joint Identification. Each qualified bonderand bonding operator shall be assigned an identificationsymbol. Unless otherwise specified in the engineeringdesign, each pressure-containing bond or adjacent areashall be stenciled or otherwise suitably marked withthe identification symbol of the bonder or bondingoperator. Identification stamping shall not be used andany marking paint or ink shall not be detrimental tothe piping material. In lieu of marking the bond, appro-priate records shall be filed.

N-127.5 Qualification

N-127.5.1 General. Qualification of the BPS to be used,andof theperformanceof bonders andbondingoperators,is required. The BPS shall specify, for both the bondingoperation and qualification testing requirements, allrequired materials, including material storage require-ments; the fixtures and tools required, including thecare and handling of tools; the environmental (e.g.,temperature and humidity) requirements for all opera-tions, including the methods required for measurement;

joint preparation requirements; dimensional require-ments and tolerances; cure time; protection of work re-quirements; tests and examinations other than thoserequired by para. N-127.5.3(c)(2); and acceptance criteriafor the completed test assembly.
N-127.5.2 Bonding Responsibility. An employer ofbonding personnel is responsible for the bonding doneby members of his/her organization and, except asprovided in para. N-127.5.3, shall conduct the requiredperformance qualification tests to qualify BPSs and thebonders or bonding operators.
N-127.5.3 ð20ÞQualification by Others

(a) BPS. Each employer (e.g., piping fabricator orerector) shall be responsible for qualifying any BPSthat personnel of his/her organization will use. Subjectto the specific approval of the owner, a BPS qualifiedby others may be used if the following conditions apply:
(1) The owner, or his/her agent, accepts that theproposed qualified BPS has been prepared and executedbya responsible recognizedorganizationwithexpertise inthe field of bonding.
(2) The employer accepts both the BPS and Proce-dure Qualification Record (PQR) by signature as his/herown.
(3) The employer has at least one bonder, currentlyemployed, who has satisfactorily passed a performancequalification test using the proposed qualified BPS.

(b) Bonding Performance Qualification. An employershall not accept a performance qualification test madeby a bonder or bonding operator for another employerwithout the owner’s specific approval. If approval isgiven, acceptance is limited to performance qualificationtests on piping using the same or an equivalent BPS. Theemployer accepting such performance qualification testsshall obtain a copyof thePQR from theprevious employer,showing the name of the piping employer by whombonders or bonding operators were qualified, the datesof such qualification, and the date the bonder orbonding operator last assembled pressure pipingunder the previous performance qualification.
(c) Qualification tests for the bonding procedure andoperatorperformanceshall complywith the requirementsof the BPS and the following:
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(1) A test assembly shall be fabricated in accordancewith theBPS. The test assembly shall consist of at least onepipe-to-pipe joint and one pipe-to-fitting joint. The size ofthe pipe used for the test assembly shall be as follows:
(-a) When the largest size to be joined (within theBPS) is NPS 4 (DN 100) or smaller, the test assembly shallbe the same NPS as the largest size to be joined.
(-b) When the largest size to be joined within theBPS is greater thanNPS4 (DN100), the test assembly shallbemade of piping components either NPS 4 (DN 100) or aminimum of 25% of the NPS of the largest piping compo-nent to be joined, whichever is larger.

(2) The test assembly shall be subjected to one of thefollowing qualification test operations:
(-a) When the test assembly has been cured, itshall be subjected to a hydrostatic pressure test of themaximum of either 150 psig [1.035 MPa (gage)] or 1.5times an equivalent allowable pressure, which shall becalculated using the least nominal wall thickness andoutside diameter of the pipe in the test assembly. Thispressure shall be determined using the equation inpara. N-104.1.2(a) for the test material. The test shallbe conducted so that the joint is loaded in both the circum-ferential and longitudinal directions. Joints shall not leakor separate when tested.
(-b) When a test assembly is joined by heat fusion,the fusion joints may be tested by cutting a minimum ofthree coupons containing the joint and bending the stripsusing a procedure that shall be defined in the BPS. As aminimum requirement, the test strips shall not breakwhen bent a minimum of 90 deg, at ambient temperature,over an inside bend radius of 1.5 times the nominaldiameter of the tested pipe.

(d) Performance Requalification
(1) Renewal of a bonding performance qualificationis required when
(-a) abonderorbondingoperator hasnotused thespecific bondingprocess for aperiodof timegreater than6months, or a specific maximum period of time otherwisepermitted in the BPS for the work
(-b) there is a specific reason to question abonder’s or bonding operator’s ability to make bondsthat meet the BPS

(2) Renewal of a bonding performance qualificationfor a specific bondingprocessmaybemade in only a singletest assembly.
N-127.6 Qualification RecordsAn erector using bonders or bonding operators shallmaintain a record of the procedures used and of operatorsemployed by him/her who are qualified in these proce-dures.

N-127.7 Thermoplastic Pipe Joints

N-127.7.1 ð20ÞSolvent-Cemented Joints

(a) Preparation.PVCandCPVC surfaces to be cementedshall be cleaned by wiping with a clean cloth moistenedwith acetoneormethylethyl ketone. Cleaning forABS shallconform to ASTM D2235. Cuts shall be free of burrs andcircumferential cuts shall be as square as those obtainedby theuseof a sawwithamiterboxora square-endsawingvise. A slight interference fit between the pipe and a fittingsocket is preferred, and thediametral clearancebetweenapipe and the entrance of a mating socket shall not exceed0.04 in. (1.0 mm). This fit shall be checked before solventcementing.
(b) Procedure. Joints shall bemade inaccordancewith aqualified BPS. ASTM D2855 provides a suitable basis forsuch a procedure. Solvent cements for PVC, CPVC, andABSshall conform to ASTM D2564, ASTM D2846, and ASTMD2235, respectively. Cement shall be sufficient to producea small continuous fillet of cement at the outer limits of thejoints. See Figure N-127.7.1-1.
(c) Branch Connections. For branch connections notusing a tee, a manufactured full reinforcement saddlewith an integral branch socket shall be solvent cementedto the run pipe over its entire contact surface.
(d) Limitations on Imperfections. Imperfectionsexceeding the following limitations are considereddefects and shall be repaired and reexamined in accor-dance with para. N-127.7.3:
(1) protrusion of dried cement exceeding 50% ofpipe wall thickness into the bore of the pipe
(2) unfilled or unbonded areas in a joint, as indicatedby the lack of interruption of the continuous fillet noted in(b)

N-127.7.2 Heat and Fusion Joints

(a) Preparation.Surfaces tobeheat fused together shallbe cleaned of any foreign material. Cuts shall be free ofburrs, and circumferential cuts shall be as square as
Figure N-127.7.1-1 Solvent-Cemented Joint
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those obtained by the use of a saw with a miter box or asquare-end sawing vise.
(b) Procedure. Joints shall bemade inaccordancewithaqualified FPS (Fusion Procedure Specification) that meetsthe applicable requirements of ASME BPVC, Section IX,Part QF. For socket fusion and saddle fusion joints notaddressed in Part QF, ASTM D2657 provides a basisfor FPS development. Both surfaces to be joined shallbe uniformly heated to produce a continuous homoge-neous bond between them. This will produce a smallcontinuous fillet of fused material at the outer limits ofthe joints. See Figure N-127.7.2-1.
(c) Branch Connections. Branch connections shall bemade only with the use of molded fittings in sizes thatare commercially available.

(d) Limitations on Imperfections. Imperfectionsexceeding the following limitations are considereddefects and shall be repaired and reexamined in accor-dance with para. N-127.7.3:
(1) protrusion of fused material exceeding 25% ofthe pipe wall thickness into the bore of the pipe
(2) unfilled or unbonded areas in a joint as indicatedby the lack or interruption of the continuous fillet noted in(b)

N-127.7.3 Electrofusion Joints

(a) Preparation.Surfaces tobeheat fused together shallbe cleaned of all foreign material.
(b) Procedure. Joints shall bemade inaccordancewithaqualified FPS that meets the requirements of ASME BPVC,Section IX, Part QF. See Figure N-127.7.3-1.
N-127.7.4 Repair of Defects.Defectivematerial, joints,and other workmanship in piping that fail to meet the re-quirements of Chapters N-III and N-V, and of the engi-neering design, shal l be repaired or replaced.Limitations on imperfections, and the method andextent of the required examination of repairs and replace-ments, shall be the same as for the original work.

N-127.8 FRP Pipe Joints

N-127.8.1 Thermosetting Resin Joints

(a) Preparation. Cutting of pipe and preparation ofbonding surfaces shall be done as recommended bythe manufacturer, without chipping or cracking of thecut ends, particularly the inner surface of centrifugallycast pipe. Pipe may be preheated, if necessary, tocomply with the above requirements. Cuts shall be freeof burrs, and circumferential cuts shall be as square asrequired by the purchaser’s specifications or the

Figure N-127.7.2-1 Heat Fusion Joints

Figure N-127.7.3-1 Thermoplastic Electrofusion Joints
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recommendations of the manufacturer, whicheverrequires the closer squareness. For branch connections,holes in the run pipe may be made with a hole saw. Mold-release agent, and any other material that may interferewith adhesion, shall be removed from surfaces to bebonded.
(b) Joining Procedures
(1) Socket and Spigot Joints. Joints shall be made inaccordance with a qualified BPS based on the manufac-turer’s recommended procedure. Application of adhesiveto the surfaces to be joined and assembly of those surfacesshall produce a continuous bond between them. Cut endsof the pipe and edges of the laminate fabric shall be sealedto prevent fluid penetration of the pipe wall or the lami-nate material. See Figure N-127.8.1-1.
(2) Butt-and-Wrap Joints. Joints shall be made inaccordance with a qualified BPS. The general proceduresinASTMC582, Contact-MoldedReinforcedThermosettingPlastic (RTP) Laminated for Corrosion Resistant Equip-ment, provide a suitable basis for the development ofsuch a procedure. Application of plies of reinforcement,saturatedwith catalyzed resin, to the surfaces to be joinedshall produceacontinuousstructurewith the surfaces.Cutends shall be sealed as required in (1). See FigureN-127.8.1-1.

(c) Branch Connections. Branch connections shall bemade using a manufactured tee fitting or a full reinforce-ment saddle having suitable provisions for joining as in(b). Thecut edgesof anyhole in the runpipe shall be sealedwith adhesive at the time the saddle is bonded to the runpipe.
(d) Limitations on Imperfections. Imperfectionsexceeding the following limitations are considereddefects and shall be repaired and reexamined in accor-dance with para. N-127.7.3:

(1) protrusion of adhesive exceeding 25% of pipewall thickness into the bore at the bottom of a socket,or inside a branch connection
(2) unfilled or unbonded areas in the joint

N-127.8.2 Repair of Defects.Defectivematerial, joints,and other workmanship in piping that fail to meet the re-quirements of Chapter N-III and this Chapter, and of theengineering design, shall be repaired or replaced. Limita-tions on imperfections, and the method and extent of therequired examination of repairs and replacements, shallbe the same as for the original work.
N-127.9 Welding of Metallic Piping Lined With

NonmetalsWelding is not permitted on lined components in thefield. Welding performed by the manufacturer toproduce pipe, fittings, and flanges to be used in an elas-tomeric-lined piping system shall conform to the require-ments of ASMEBPVC, Section IX and shall be performed soas to maintain the continuity of the lining and its service-ability.
N-129 BENDING AND FORMING

N-129.1 Bending

N-129.1.1 Pipe Bending. Flattening of a bend is definedas the difference between the maximum and minimumoutside diameters, at any cross section, expressed as apercentage of the nominal outside diameter. Flatteningshall not exceed 8% for pipe exposed to internal pressure.For pipe under external pressure, flattening shall notexceed 3%. The thickness after bending shall be notless than that required in para. N-104.2.
N-129.1.2 Bending Methods. Pipe may be bent by anysuitable hot or cold method permissible by radii limita-tions and material characteristics of the pipe being bent.Hot bending shall be done within a temperature rangeconsistent with material characteristics, end-use require-ments, and the pipe manufacturer’s recommendations.

N-129.2 Component FormingPiping components may be formed by any suitable hotor cold method permissible by the characteristics of thematerial being formed. Forming shall be done within atemperature rangeconsistentwith thematerial character-istics, end-use requirements, and the component manu-facturer’s recommendations. The thickness after formingshall be not less than that required by the engineeringdesign.

Figure N-127.8.1-1 Thermosetting Resin Joints
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N-135 ASSEMBLY AND ERECTION

N-135.1 GeneralThe assembly and erection of nonmetallic pipingsystems shall comply with the requirements ofpara. 135 and this Chapter. In addition
(a) when assembling nonmetallic flanges, flat washersshall be used under all bolt heads and nuts. The specifiedmaximum bolt torque shall not be exceeded.
(b) full circumferencewrenches shall beused to tightenthreaded pipe joints. Tools and other devices used to holdor apply forces to the pipe shall be such that pipe surfacesare not scored or deeply scratched. For thermosettingresin piping, threads shall be coated with sufficient adhe-sive to cover the threads and completely fill the clearancebetween the pipe and fittings.

N-135.3 Bolted Flanged Connections

N-135.3.5 ð20ÞFlaring of Nonmetallic Linings. The provi-sions of this paragraph apply to metallic pipe lined withplastic or other flexiblematerial. To prevent the fluid fromcontacting the metallic piping where the lining must beinterrupted at a field-installed flanged joint, the metalpiping shall be trimmed so that the end of the liningprojects beyond the face of the flange. The projectinglining shall then be flared back so that it covers aportion of the flange face, in a manner similar to a lapjoint. When the flange is made up, the correspondingflared ends shall be pressed together, forming a seal.
(a) This paragraph applies only to the flaring of liningsin pipe that has previously been lined with nonmetals.
(b) Flaring that conforms to this paragraph may beused in accordance with para. N-115(b).
(c) Flaring shall be performed only in accordance withawritten flaringprocedure specification, andonlybyqual-ified operators who have appropriate training or experi-ence in the use of the applicable flaring procedures.
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Chapter N-VI
Examination, Inspection, and Testing

N-136 GENERALThe general requirements of Chapter VI with regard tovisual examination and leak testing are basically applica-ble to nonmetallic piping systems.
N-136.1 InspectionThe distinction between “inspection” and “examina-tion” discussed in para. 136.1.1 applies for pipingcovered by this Appendix.
N-136.3 Examination

N-136.3.1 General. Examination denotes the functionsperformed by the manufacturer, fabricator, erector, or aparty authorized by the owner. Nondestructive examina-tions (NDE) shall be by visual examination and othermethods suitable for the type of nonmetallic pipingbeing examined. Thedegreeof examination and theaccep-tance standards beyond the requirements of this Codeshall be a matter of prior agreement between the manu-facturer, fabricator, or erector and the owner.
N-136.3.2 Qualification of NDE Personnel. Personnelwho perform nondestructive examination of bonds shallbe qualified and certified for each examination method inaccordancewith a programestablished by their employer.The program shall be based on the following minimumrequirements:
(a) instruction in the fundamentals of the nondestruc-tive examination method.
(b) on-the-job training to familiarize the NDE person-nel with the appearance and interpretation of indicationsof bond defects. The length of time for such training shallbe sufficient to ensure adequate assimilation of the knowl-edge required.
(c) an eye examination, performed at least once eachyear, to determine optical capability of NDE personnel toperform the required examination.
(d) upon completion of (a) and (b), the NDE personnelshall be given an oral or written examination and perfor-mance examination by the employer, to determine if theNDE personnel are qualified to perform the requiredexamination and interpretation of results.
(e) certified NDE personnel whose work has notincluded performance of a specific examination methodfor a period of 1 yr ormore shall be recertified by success-

fully completing the examination of (d) and also passingthevisual examinationof (c). Substantial changes inproce-dures or equipment shall require recertification of NDEpersonnel.
N-136.3.3 Extent of Required Examination. Whenvisual examination reveals a defect requiring repair
(a) two additional examinations of the same type shallbemadeof the samekindof item(if of abond, othersby thesame bonder or bonding operator) and
(b) if the additional items examined as required by (a)are acceptable, the item requiring repair shall be replacedor repaired and reexamined to meet the requirements ofthe Code, and all items represented by this additionalexamination shall be accepted, or
(c) if either of the items examined as required by (a)reveals a defect, two additional items shall be examined,and
(d) if the additional items examined as required by (c)areacceptable, the itemsrequiring repair shall be replacedor repaired and reexamined to meet the requirements ofthe Code, and all items represented by this additionalexamination shall be accepted, or
(e) if either of the additional items examined asrequired by (c) reveals a defect, all comparable itemsshall be replaced or they shall be fully examined, andall items requiring repair shall be repaired and reexa-mined to meet the requirements of the Code

N-136.4 Examination Methods

N-136.4.1 Nondestructive Examination

(a) Piping shall be examined at least to the extentrequired herein, or to any greater extent specified inthe engineering design.
(1) Visually examine at least 5% of fabrication. Forbonds (joints), each bonder or bonding operator’s workshall be represented and shall include each type of bondfor each bonder or bonding operator.
(2) Visually examine 100% of fabrication for bonds,other than circumferential bonds, and other than those incomponentsmade tomaterial specifications recognized inthis Code.
(3) Perform a random visual examination of theassembly of threaded, bolted, and other joints tosatisfy the inspector that these conform to the require-ments of para. N-135.
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(4) Perform a random visual examination duringerection of piping, including checking of alignment andsupports.
(5) Examine erected piping for evidence of damagethat would require repair or replacement and for otherdeviations from the design.

(b) Minimum acceptance criteria shall be as indicatedin Table N-136.4.1-1.
(c) The inspector shall be assured, by examination ofcertifications, records, or other evidence, that the mate-rials and components are of the specified grades and thatthey have received the required examination and testing.
(d) Whenexamination reveals a defect requiring repair
(1) two additional examinations of the same typeshall be made of the same kind of item (if of a bond,others by the same bonder or bonding operator), and
(2) if the additional items examined as required by(1) are acceptable, the item requiring repair shall bereplaced or repaired and reexamined tomeet the require-ments of the Code, and all items represented by this addi-tional examination shall be accepted, or
(3) if either of the items examined as required by (1)reveals a defect, two additional items shall be examined,and

(4) if the additional items examined as required by(3) are acceptable, the items requiring repair shall bereplaced or repaired and reexamined tomeet the require-ments of the Code, and all items represented by this addi-tional examination shall be accepted, or
(5) if either of the additional items examined asrequired by (3) reveals a defect, all comparable itemsshall be replaced or they shall be fully examined, andall items requiring repair shall be repaired and reexa-mined to meet the requirements of the Code

N-136.4.2 Visual Examination

(a) Visual examination consists of observation of theportion of components, joints, and other piping elementsthat are, or can be, exposed to view before, during, or aftermanufacture, fabrication, assembly, erection, inspection,or testing.
(b) Visual examination shall be performed in accor-dance with ASME BPVC, Section V, Article 9.

N-137 PRESSURE TESTSLeak tests, when specified, shall be performed in accor-dance with para. 137.

Table N-136.4.1-1 Acceptance Criteria for Bonds

Kind of Imperfection
Thermoplastic RTR and RPM [Note (1)],

Adhesive CementedSolvent Cemented Heat FusionCracks Not applicable Not applicable Not applicableUnfilled areas in joint None permitted None permitted None permittedUnbonded areas in joint None permitted None permitted None permittedInclusions of charred material Not applicable Not applicable Not applicableUnfused filler material inclusions Not applicable Not applicable Not applicableProtrusion of material into pipe bore, % of pipe wall thickness Cement, 50% Fused material, 25% Adhesive, 25%NOTE: (1) RTR = reinforced thermosetting resin; RPM = reinforced plastic mortar.
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MANDATORY APPENDIX O
USE OF ALTERNATIVE ULTRASONIC ACCEPTANCE CRITERIA

O-1 GENERALThis Appendix provides alternative ultrasonic fracturemechanics–based acceptance criteria thatmay be used forCode piping welds in lieu of those described inpara. 136.4.6(b).
O-2 SCOPE

(a) The examination shall be conducted using auto-mated or semiautomated techniques using computer-based data acquisition.
(b) The examination shall be performed in accordancewith a written procedure approved by UT (ultrasonictesting) Level III personnel and conforming to the require-ments of ASME BPVC, Section V, Article 4, MandatoryAppendix VIII and
(1) forphasedarray—ASMEBPVC, SectionV,Article4, Mandatory Appendix V
(2) for time of flight diffraction (TOFD) — ASMEBPVC, Section V, Article 4, Mandatory Appendix III

(c) Procedure qualification shall meet the require-ments of ASME BPVC, Section V, Article 4, MandatoryAppendix IX.
O-3 EQUIPMENTA mechanical guided scanner capable of maintaining afixed and consistent search unit position relative to theweld centerline shall be used.
O-4 PERSONNEL

(a) Personnel performing nondestructive examinationto the requirements of thisAppendix shall be qualified andcertified in the ultrasonic method in accordance with aprocedure or program as described in ASME BPVC,Section V, Article 1, T-120(e) or T-120(f), and T-120(g).
(b) Setup and scanning of welds shall be performed bypersonnel certified as UT Level II or Level III (or by Level Ipersonnel under the direct supervision of Level II or LevelIII personnel).
(c) Interpretation and evaluation of data shall beperformed by NDE Level II or Level III personnel.
(d) Personnel demonstration requirements shall be asstated in ASME BPVC, Section V, Article 4, MandatoryAppendix VIII.

O-5 EXAMINATION

(a) The initial straight-beam scan for reflectors thatcould interfere with the angle-beam examination shallbe performed manually, as part of a previous manufac-turing process, or during the weld examination, provideddetection of these reflectors is included in the demonstra-tion as required in para. O-2(c).
(b) The examination area shall include the volume ofthe weld plus the lesser of 1.0 in. (25mm) or t of the adja-cent base material. Alternatively, the examination volumemay be reduced to include the actual heat-affected zone(HAZ) plus 0.25 in. (6 mm) of base material beyond theHAZ on each side of the weld, provided the extent of theweld HAZ is measured and documented.

O-6 DATA RECORDINGData shall be recorded in theunprocessed formas speci-fied in ASME BPVC, Section V, Article 4, V-471.6. The datarecord shall include the complete examination area asspecified in para. O-5(b).
O-7 DATA ANALYSIS

(a) Reflectorsexceeding the limitsbelowshall be inves-tigated to determine whether the indication originatesfrom a discontinuity or is a geometric indication in accor-dance with (b).
(1) For amplitude-based techniques, the location,amplitude, and extent of all reflectors that produce aresponse greater than 20% of the reference level shallbe evaluated.
(2) For non-amplitude-based techniques, the loca-tion and extent of all images that have an indicatedlength greater than 0.16 in. (4.0mm) shall be investigated.

(b) Ultrasonic indications of geometric and/or metal-lurgical origin shall be classified as specified in ASMEBPVC, SectionV, Article 4, T-481. Alternatively, other tech-niques or NDEmethods may be used to classify an indica-tion as geometric (such as alternative beam angles andradiography). The method employed is for informationonly to classify the indication as geometric, and ASMEB31.1 requirements for examination techniques areonly required to the extent they are applicable.
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O-8 DISCONTINUITY EVALUATION

(a) Discontinuity Dimensions. The dimension of eachdiscontinuity shall be determined by the rectangle thatfully contains the area of that discontinuity. (Refer toFigure O-8-1.)
(1) The length, ℓ, of the discontinuity shall be drawnparallel to the inside pressure-retaining surface of thecomponent.
(2) The height, h, of the discontinuity shall be drawnnormal to the inside pressure-retaining surface of thecomponent.
(3) The discontinuity shall be characterized as asurface or subsurface discontinuity, as shown inFigure O-8-1.
(4) A subsurface indication shall be considered as asurface discontinuity if the separation (S in Figure O-8-1)of the indication from the nearest surface of the compo-nent is equal to or less than half the through-wall dimen-sion [h in Figure O-8-1, illustration (b)] of the subsurfaceindication.

(b) Multiple Discontinuities
(1) Discontinuous indications that are orientedprimarily in parallel planes shall be considered to liein a single plane if the distance between the adjacentplanes is less than or equal to 0.50 in. (13 mm) or0.5t, whichever is less.
(2) If the space between two indications alignedalong the axis of weld is less than the height of the indica-tion of greater height, the two discontinuities shall beconsidered a single discontinuity.
(3) If the space between two indications aligned inthe through-thickness dimension is less than the height ofthe indication of greater height, the two indications shallbe considered a single discontinuity.

O-9 DISCONTINUITY ACCEPTANCE CRITERIADiscontinuities shall be evaluated using the applicablecriteria of Tables O-9-1 through O-9-3. Regardless ofdiscontinuity height or aspect ratio, discontinuitylength shall not exceed 4t.

Figure O-8-1 Surface and Subsurface Indications

NOTES:(1) S ≤ 0.5h.(2) S > 0.5h.
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Table O-9-1 Discontinuity Acceptance Criteria
for Weld Thickness Under 1.0 in. (25 mm)

Discontinuity h/t ℓSurface 0.100 or less 0.25 in. (6.4 mm) or lessSubsurface 0.286 or less 0.25 in. (6.4 mm) or lessGENERAL NOTES:(a) t is the thickness of the weld excluding any allowable reinforce-ment. For abutt joint joining twomembershaving different thick-nesses at the joint, t is the thinner of the two thicknesses joined. Ifa full penetration weld includes a fillet weld, the effective throatdimension of the fillet weld shall be included in t.(b) A discontinuity is considered rejectable if its dimensions exceedthe h/t value or the ℓ value in this Table.
Table O-9-2 Surface Discontinuity Acceptance Criteria

for Weld Thickness 1.0 in. (25 mm) and Over

Aspect Ratio, h/ℓ

Maximum h/t for Weld Thickness

1.0 in. to 2.5 in.
(25 mm to
64 mm)

Over 2.5 in. to
Under 3.9 in.
(64 mm to
100 mm)

3.9 in. to
11.8 in.

(100 mm to
300 mm)0.00 0.031 See Note (1) 0.0190.05 0.033 See Note (1) 0.0200.10 0.036 See Note (1) 0.0220.15 0.041 See Note (1) 0.0250.20 0.047 See Note (1) 0.028

0.25 0.055 See Note (1) 0.0330.30 0.064 See Note (1) 0.0380.35 0.074 See Note (1) 0.0440.40 0.083 See Note (1) 0.0500.45 0.085 See Note (1) 0.0510.50 0.087 See Note (1) 0.052GENERAL NOTES:(a) t is the thickness of the weld excluding any allowable reinforce-ment. For abutt joint joining twomembershaving different thick-nesses at the joint, t is the thinner of the two thicknesses joined. Ifa full penetration weld includes a fillet weld, the effective throatdimension of the fillet weld shall be included in t.(b) The aspect ratio (h/ℓ) used may be determined by rounding thecalculated h/ℓ down to the nearest 0.05 increment value withinthe column, or by linear interpolation.(c) Regardless of discontinuity height or aspect ratio, discontinuitylength shall not exceed 4t.NOTE: (1) For intermediate thicknesses, t [weld thicknesses between2.5 in. and 3.9 in. (64 mm and 100 mm)], linear interpolation isrequired to obtain h/t values.

Table O-9-3 Subsurface Discontinuity Acceptance
Criteria for Weld Thickness 1.0 in. (25 mm) and Over

Aspect Ratio, h/ℓ

Maximum h/t for Weld Thickness

1.0 in. to 2.5 in.
(25 mm to
64 mm)

Over 2.5 in. to
Under 3.9 in.
(64 mm to
100 mm)

3.9 in. to
11.8 in.

(100 mm to
300 mm)0.00 0.068 See Note (1) 0.0400.10 0.076 See Note (1) 0.0440.20 0.086 See Note (1) 0.0500.30 0.098 See Note (1) 0.0580.40 0.114 See Note (1) 0.066

0.50 0.132 See Note (1) 0.0760.60 0.156 See Note (1) 0.0880.70 0.180 See Note (1) 0.1020.80 0.210 See Note (1) 0.1160.90 0.246 See Note (1) 0.1341.00 0.286 See Note (1) 0.152GENERAL NOTES:(a) t is the thickness of the weld excluding any allowable reinforce-ment. For abutt joint joining twomembershaving different thick-nesses at the joint, t is the thinner of the two thicknesses joined. Ifa full penetration weld includes a fillet weld, the effective throatdimension of the fillet weld shall be included in t.(b) The aspect ratio (h/ℓ) used may be determined by rounding thecalculated h/ℓ down to the nearest 0.05 increment value withinthe column, or by linear interpolation.(c) Regardless of discontinuity height or aspect ratio, discontinuitylength shall not exceed 4t.NOTE: (1) For intermediate thicknesses, t [weld thicknesses between2.5 in. and 3.9 in. (64 mm and 100 mm)], linear interpolation isrequired to obtain h/t values.
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MANDATORY APPENDIX P
METALLIC BELLOWS EXPANSION JOINTS

P-1 GENERALThe design requirements of this Appendix are depen-dent on and compatible with standards of the ExpansionJoint Manufacturers Association, Inc. (EJMA Standards).The intent of this Appendix is to set forth design, manu-facturing, and installation requirements and considera-tions for bellows-type expansion joints, supplementedby the EJMA Standards. It is intended that applicableprovisions and requirements of Chapters I through VIof this Code shall be met, except as modified herein.This Appendix does not specify design details. Thedetailed design of all elements of the expansion joint isthe responsibility of the manufacturer.
P-2 PIPING DESIGNER RESPONSIBILITIESThe piping designer shall specify the design conditionsand requirements necessary for the detailed design andmanufacture of the expansion joint, in accordance withpara. P-2.1, and the piping layout, anchors, restraints,guides, and supports required by para. P-2.2.
P-2.1 Expansion Joint Design ConditionsThe piping designer shall specify all necessary designconditions, including those in paras. P-2.1.1 throughP-2.1.5.

P-2.1.1 Static Design Conditions. The design condi-tions shall include any possible variations of pressureor temperature, or both, above operating levels. Use ofa design metal temperature other than the fluid tempera-ture for any component of the expansion joint shall beverified by computation, using accepted heat transferprocedures, or by test or measurement on similarlydesigned equipment in service under equivalent oper-ating conditions.
P-2.1.2 Cyclic Design Conditions. These conditionsshall include coincident pressure, temperature,imposed end displacements, and thermal expansion ofthe expansion joint itself, for cycles during operation.Cycles due to transient conditions (start-up, shutdown,and abnormal operation) shall be stated separately.(See EJMA Standards, 4.12.1.5 on fatigue life expectancy,for guidance in defining cycles.)

P-2.1.3 Other Loads. Other loads, including dynamiceffects (such as wind, thermal shock, vibration, seismicforces, and hydraulic surge) and static loads (such asweight of insulation, snow, and ice) shall be stated.
P-2.1.4 Fluid Properties. Properties of the flowingmedium pertinent to design requirements, such as flowvelocity anddirection for internal liners, shall be specified.
P-2.1.5 Other Design Conditions. Other conditionsthat may affect the design of the expansion joint, suchas use of shrouds, external or internal insulation, limitstops, other constraints, and connections in the body(such as drains or bleeds), shall be stated.

P-2.2 Piping Design Requirements

P-2.2.1 General. Piping layout, anchorage, restraints,guiding, and support shall be designed to avoid imposingmotionsand forceson theexpansion jointother than thosefor which it is intended. For example, a bellows expansionjoint is not normally designed to absorb torsion. Pipeguides, restraints, and anchorage shall conform to theEJMA Standards. Anchors and guides shall be providedto withstand expansion-joint thrust forces when notself-restrained by tie-rods, hinge bars, pins, etc. (Seepara. P-3.1.) Column buckling of the piping (such asdue to internal fluid pressure) shall also be considered.
P-2.2.2 Design of Anchors

(a) Main Anchors. Main anchors shall be designed towithstand the forces and moments listed in (b) and pres-sure thrust, defined as the product of the effective thrustarea of the bellows and the maximum pressure to whichthe joint will be subjected in operation. Considerationshall be given to the increase of pressure thrust loadson anchors due to unrestrained expansion jointsduring leak testing if supplemental restraints are notused during the test (see para. 137.2.3). For convoluted,omega, or disk-type joints, the effective thrust area rec-ommendedby themanufacturer shall beused. If this infor-mation is unavailable, the area shall be based on themeandiameter of the bellows.
(b) Intermediate Anchors. Anchors shall be capable ofwithstanding the following forces and moments:
(1) those required to compress, extend, offset, orrotate the joint by an amount equal to the calculatedlinear or angular displacement
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(2) static friction of the pipe in moving on itssupports between extreme extended and contracted posi-tions (with calculated movement based on the length ofpipe between anchor and expansion joint)
(3) operating and transient dynamic forces causedby the flowing medium
(4) other piping forces and moments

P-3 EXPANSION JOINT MANUFACTURER
RESPONSIBILITIESThe expansion joint manufacturer shall provide thedetailed design and fabrication of all elements of theexpansion joint in accordance with the requirements ofthe Code and the engineering design. This includes

(a) all piping within the end connections of theassembly supplied by the manufacturer, including pipe,flanges, fittings, connections, bellows, and supports orrestraints of piping
(b) specifying the need for supports or restraintsexternal to the assembly as required, and of the datafor their design
(c) determining design conditions for all componentssupplied with the expansion joint that are not in contactwith the flowing medium

P-3.1 Expansion Joint DesignThe design of bellows-type expansion joints shall bebased on recognized and accepted analysis methodsand the design conditions stated in para. P-2.1. Thesejoints shall be designed so that permanent deformationof the expansion joint and pressure-restraint hardwarewill not occur during leak testing. Convoluted-typebellows shall be designed in accordance with the EJMAStandards, except as otherwise required or permittedherein. Design of other types of bellows shall be qualifiedas required by para. 104.7.2.
P-3.1.1 Factors of Safety. The factor of safety onsquirm pressure shall be not less than 2.25. (See EJMAStandards, 4.12.1.6 on bellows stability and squirm.)The factor of safety on ultimate rupture pressure shallbe not less than 3.0.
P-3.1.2 Design Stress Limits. For convoluted-typebellows, stresses shall be calculated eitherby the formulasshown in the EJMA Standards or by othermethods accept-able to the owner.
(a) Stresses shall be calculated in restraints (e.g, tie-rods, hinge bars, and pins) in self-restrained expansionjoints and in the attachments of the restraining devicesto the pipe or flanges. Direct tension, compression,bearing, and shear stresses shall not exceed the allowablestress limits stated in para. 102.3.1. The summation ofgeneral bending stress plus tension or compressionstress shall not exceed the stress values listed inMandatory Appendix A times the shape factor of the

cross section. The shape factor is the ratio of theplastic moment to the yield moment (such as 1.5 for arectangular section). For attachment of restraints topiping, see para. 121.8. Local stresses may be evaluatedusing the criteria of ASME BPVC, Section VIII, Division 2,Part 5. Compressionmembers shall be evaluated for buck-ling in accordancewith the AISCManual of Steel Construc-tion, Allowable Stress Design. For self-restrainedexpansion joints, the restraints shall be designed to with-stand the full design pressure thrust. Additional consid-erations may be required where time-dependent stressesprevail.
(b) Pressure design of pipe sections, fittings, andflanges shallmeet the requirements of paras. 103 and 104.
(c) When the operating metal temperature of thebellows element is in the creep range,1 the design shallbe given special consideration and, in addition tomeeting the requirements of this Appendix, shall be qual-ified as required by para. 104.7.2.
P-3.1.3 Fatigue Analysis

(a) A fatigue analysis1 that takes into account all designcyclic conditions shall be performed and the calculateddesign cycle life shall be reported. The method of analysisfor convoluted U-shaped bellows shall be in accordancewith the EJMA Standards.
(b) Material design fatigue curves for bellows withseams welded using an autogenous method are providedin the EJMA Standards. The curves are for use only inconjunction with the EJMA stress equations.
(c) Fatigue testing inaccordancewithAppendixFof theEJMA Standards is required to develop fatigue curves forbellows of materials other than those provided for use inconjunction with the EJMA stress equations.
(d) When applying the fatigue curves from the EJMAStandards, a fatigue correction factor, fc = 0.75, shallbe used.
(e) An alternative fatigue correction factor, fc, may beused with the permission of the owner.
P-3.1.4 Limitations

(a) Expansion joint bellows shall not be constructedfrom lap-welded pipe or lap-welded tubing.
(b) All pressure-containing or pressure-thrust-restraining materials shall conform to the requirementsof Chapter III and Mandatory Appendix A.

P-3.2 Expansion-Joint ManufactureExpansion joints shall be produced in accordance withthemanufacturer’s specification,which shall, atminimum,include the requirements inparas. P-3.2.1 throughP-3.2.3.
1 Consideration shall be given to the detrimental effects of creep–fatigue interaction when the operating metal temperature of thebellows element will be in the creep range. Creep–fatigue interactionmay become significant at temperatures above 800°F (425°C) for aus-tenitic stainless steels.
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P-3.2.1 Fabrication

(a) All welds shall be made by qualified welders orwelding operators using welding procedures qualifiedas required by para. 127.5.
(b) The longitudinal seamweld in the bellows elementshall be a full penetration butt weld. Prior to forming, thethickness of the weld shall be not less than 1.00 nor morethan 1.10 times the thickness of the bellows material.
(c) A full fillet weld may be used as a primary weld toattach a bellows element to an adjoining piping compo-nent.
(d) When bellows are attached directly to an adjoiningpipingcomponentbyweldingand thepipingcomponent isP-No. 4, P-No. 5A, or P-No. 5B base metal, the attachmentweld shall be heat treated in accordance with para. 132,except that the exemptions from heat treatment given inpara. 132.3 shall not be permitted. The holding time shallbe based on the thickness of the piping component at thebellows attachment weld location. Examination of theattachmentwelds shall beperformedafterheat treatment.This heat treatment may affect bellows pressure capacity,mechanical properties, and corrosion resistance. If therequired heat treatment is determined to be detrimentalto the bellows’ performance, the bellows shall not beattached directly to the piping component. In that case,the piping-component side of the weld joint shall bebuttered in accordance with ASME BPVC, Section IX,QW-283 with appropriate filler metal, heat treated inaccordance with Table 132.1.1-1, and then welded tothe bellows.
P-3.2.2 Examination. The following are minimumquality control requirements:
(a) Required examinations shall be in accordance withpara. 136.
(b) The bellows-tube longitudinal seam weld shall be100% visually examined (VT) on both the inside andoutside surfaces prior to forming. Also, the longitudinalseam weld shall be 100% examined prior to forming,either by radiography (RT) or, for material thickness≤3∕32 in. (2.4 mm) welded in a single pass, by liquid pene-trant (PT) of both inside and outside surfaces. For thepurposes of this Appendix, either RT or PT is acceptablefor design with a weld joint efficiency factor, E, of 1.00when used within the stated thickness limits.
(c) After forming, a PT examination shall be conductedon all accessible surfaces of the longitudinal seam weld,inside and outside. Welds attaching the bellows to thepiping, etc., shall be 100% PT examined.
(d) Acceptance criteria for RT shall be in accordancewith para. 136.4.5. Acceptance criteria for PT shall bein accordance with para. 136.4.4. Acceptance criteriafor VT shall be that cracks, undercutting, and incompletepenetration are not permitted.

P-3.2.3 Leak Test

(a) Each expansion joint shall receive a hydrostatic orpneumatic shop pressure test by the manufacturer inaccordance with para. 137, except that the test pressureshall be the lesser of that calculated by eq. (P1) or eq. (P2),but not less than 1.5 times the design pressure. Rr in eq.(P2) shall be based on the bellows material. When thebellows design temperature is equal to or greater than
Tcr,2 Rr in eq. (P2) shall be replaced by SyT/Syt, where
SyT is the yield strength at the test temperature and Sytis the yield strength at the bellows design temperature.The test pressure shall be maintained for not less than 10min.

=P P E E1.5 /T S t
(P1)where

E = Young’s modulus of elasticity at design tempera-ture
Et = Young’s modulus of elasticity at test temperature
PS = limiting design pressure based on columninstability (for convoluted U-shaped bellows;see 4.13.1 and 4.13.2 of the EJMA Standards)
PT = minimum test gage pressure

=P PR1.5T r
(P2)where

P = internal design gage pressure
Rr = ST/S, but shall not exceed 6.5
S = allowable stress at design temperature
ST = allowable stress at test temperature
(b) Expansion joints designed to resist the pressurethrust shall not be provided with any additional axialrestraintduring the leak test.Moment restraint simulatingpiping rigidity may be applied if necessary.
(c) In addition to examination for leaks and generalstructural integrity during the pressure test, the expan-sion joint shall be examined before, during, and afterthe test to confirm that no unacceptable squirm hasoccurred. Squirm shall be considered to have occurredif under the internal test pressure an initially symmetricalbellowsdeforms, resulting in lackof parallelismorunevenspacingof convolutions. Suchdeformation shall be consid-ered unacceptable when the maximum ratio of bellowspitchunderpressure to thepitch before applying pressureexceeds 1.15 for unreinforced bellows or 1.20 for rein-forced bellows. Examination for leakage and deformationshall be performed at a pressure not less than two-thirdsof the test pressure, after application of full test pressure.

2Tcr is the temperature 50°F (25°C) below the temperature identifyingthe start of time-dependent properties listed under “Notes – Time-Dependent Properties” in Table 1A of ASME BPVC, Section II, Part Dfor the base materials joined by welding.
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(d) Examination for squirm shall be performed at fulltest pressure. For safety purposes, this may be accom-plished by remote viewing (such as by optical magnifica-tion or video recording) of the changes in convolutionspacing with respect to a temporarily mounted dimen-
sional reference. Examination for leakage shall beperformed at a pressure not less than two-thirds ofthe test pressure, after application of full test pressure.For a pneumatic test, the precautions of para. 137.5shall be observed.
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NONMANDATORY APPENDICES

NONMANDATORY APPENDIX II
RULES FOR THE DESIGN OF SAFETY VALVE INSTALLATIONS1

FOREWORDASME B31.1 contains rules governing the design, fabri-cation, materials, erection, and examination of powerpiping systems. Experience over the years has demon-strated that these rules may be reasonably applied tosafety valve installations. Nevertheless, instances haveoccurred wherein the design of safety valve installationsmay not have properly and fully applied the ASME B31.1rules. Accordingly, this Appendix to ASME B31.1 has beenprepared to illustrate and clarify the application of ASMEB31.1 rules to safety valve installations. To this end, thisAppendix presents the designer with design guidelinesand alternative design methods.
II-1 SCOPE AND DEFINITION

II-1.1 ScopeThe scope of this Appendix is confined to the design ofthe safety valve installations as defined in para. II-1.2. Theloads acting at the safety valve station will affect thebending moments and stresses in the complete pipingsystem, out to its anchors and/or extremities, and it isthe designer’s responsibility to consider these loads.This Appendix, however, deals primarily with thesafety valve installation, and not the complete pipingsystem.The design of the safety valve installation requires thatcareful attention be paid to
(a) all loads acting on the system
(b) the forces and bending moments in the piping andpiping components resulting from the loads
(c) the loading and stress criteria
(d) general design practicesAll components in the safety valve installation must begiven consideration, including the complete pipingsystem, the connection to the main header, the safetyvalve, valve and pipe flanges, the downstream dischargeor vent piping, and the system supports. The scope of thisAppendix is intended to cover all loads on all components.It is assumed that the safety valve complies with the re-

quirementsofAmericanNational StandardsprescribedbyASME B31.1 for structural integrity.This Appendix has application to safety, relief, or safetyrelief valve installations. For convenience, however, theoverpressure protection device is generally referred toas a safety valve. The loads associated with relief orsafety relief valve operation may differ significantlyfrom those of safety valve operation, but otherwise therules contained herein are equally applicable to eachtype of valve installation. See para. II-1.2 for definition.This Appendix provides analytic and nomenclaturedefinition figures to assist the designer, and is notintended to provide actual design layout (drains, drippans, suspension, air gaps, flanges, weld ends, andother design details are not shown). Sample problemshave been provided at the end of the text to assist thedesigner in application of the rules in this Appendix.
II-1.2 Definitions (Valve Descriptions Follow the

Definitions Given in ASME BPVC, Section I)

closed discharge installation: an installation where theeffluent is carried to a distant spot by a discharge pipethat is connected direct ly to the safety valve .Figure II-1.2-1 shows a typical closed discharge system.
open discharge installation: an installation where the fluidis discharged directly to the atmosphere or to a vent pipethat is uncoupled from the safety valve. Figure II-1.2-2shows a typical open discharge installation with anelbow installed at the valve discharge to direct theflow into a vent pipe. The values for l and m in FigureII-1.2-2 are upper limits for which the rules for opendischarge systems may be used. l shall be limited to avalue less than or equal to 4Do; m shall be limited to avalue less than or equal to 6Do , where Do is theoutside diameter of the discharge pipe. Open dischargesystems that do not conform to these limits shall be eval-uated by the designer for the applicability of these rules.
power-actuatedpressure-relieving valve: a relievingdevicewhosemovements to open or close are fully controlled bya source of power (electricity, air, steam, or hydraulic).The valve may discharge to atmosphere or to a containerat lower pressure. The discharge capacity may be affectedby the downstream conditions, and such effects shall be1Nonmandatory appendices are identified by a Roman numeral; man-datory appendices are identified by a letter. Therefore, Roman numeral Iis not used, to avoid confusion with the letter I.
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Figure II-1.2-1 Safety Valve Installation (Closed Discharge System)
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Figure II-1.2-2 Safety Valve Installation (Open Discharge System)
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taken into account. If the power-actuated pressure-relieving valves are also positioned in response toother control signals, the control impulse to prevent over-pressure shall be responsive only to pressure and shalloverride any other control function.
relief valve: an automatic pressure-relieving device actu-ated by the static pressure upstream of the valve thatopens further with the increase in pressure over theopening pressure. It is used primarily for liquid service.
safety relief valve: an automatic pressure-actuatedrelieving device suitable for use either as a safetyvalve or as a relief valve, depending on application.
safety valve: an automatic pressure-relieving device actu-ated by the static pressure upstreamof the valve and char-acterized by full opening pop action. It is used for gas orvapor service.
safety valve installation: the safety valve installation isdefined as that portion of the system shown inFigures II-1.2-1 and II-1.2-2. It includes the run pipe,branch connection, inlet pipe, valve, discharge piping,and vent pipe. Also included are the components usedto support the system for all static and dynamic loads.
II-2 LOADS

II-2.1 Thermal ExpansionLoads acting on the components in the safety valveinstallation and the displacements at various pointsdue to thermal expansion of the piping shall be deter-mined by analyzing the complete piping system out toits anchors, in accordance with procedures in para. 119.
II-2.1.1 Installations With Open Discharge. For safetyvalve installations with open discharge, there will be nothermal expansion loads acting on the discharge elbow,the valve, or the valve inlet other than that from restraintto thermal expansion as described below. Restraint tothermal expansion can sometimes occur due to drainlines, or when structural supports are provided tocarry the reaction forces associated with safety valvelift. Examples of such structural supports are shown inFigure II-6-1, illustration (b). When such restraintsexist, the thermal expansion loads and stresses shallbe calculated and effects evaluated.
II-2.1.2 Installations With Closed Discharge. Loadsdue to thermal expansion and back pressure of asafety valve installation with a closed discharge can behigh enough to cause malfunction of the valve, excessiveleakage of the valve or flange, or overstress of othercomponents. The loads due to thermal expansion shallbe evaluated for all significant temperature combinations,including the cases where the discharge piping is hotfollowing safety valve operation.

II-2.2 PressurePressure loads acting on the safety valve installation areimportant from twomain considerations. The first consid-eration is that thepressure actingon thewalls of the safetyvalve installation can causemembrane stresses that couldresult in rupture of the pressure-retaining parts. Thesecond consideration is that the pressure effects asso-ciated with discharge can cause high loads acting onthe system, which create bending moments throughoutthe piping system. These pressure effects are coveredin para. II-2.3.All parts of the safety valve installation must bedesigned to withstand the design pressures withoutexceeding the Code-allowable stresses. The branchconnection, the inlet pipe, and the inlet flanges shall bedesigned for the same design pressure as that of therun pipe. The design pressure of the discharge systemwill depend on the safety valve rating and on the config-uration of the discharge piping. The open discharge instal-lation and the closed discharge installation presentsomewhat different problems in the determination ofdesign pressures, and these problems are discussed inparas. II-2.2.1 and II-2.2.2.
II-2.2.1 Design Pressure and Velocity for Open

Discharge Installation Discharge Elbows and Vent
Pipes.There are severalmethods available to thedesignerfor determining the design pressure and velocity in thedischarge elbow and vent pipe. It is the responsibilityof the designer to assure himself/herself that themethod used yields conservative results. A method fordetermining the design pressures and velocities in thedischarge elbowand vent pipe for opendischarge installa-tion is shownbelowand illustrated in the sample problem.
(a) First, calculate the design pressure and velocity forthe discharge elbow.
(1) Determine the pressure, P1, that exists at thedischarge elbow outlet (Figure II-2.2.1-1).
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(2) Determine the velocity, V1, that exists at thedischarge elbow outlet (Figure II-2.2.1-1).
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1where

A1 = discharge elbow area, in.2
gc = gravitational constant
x = 32.2 lbm-ft/lbf-sec2
ho = stagnation enthalpy at the safety valve inlet, Btu/lbm
J = 778.16 ft-lbf/Btu

P1 = pressure, psia (lbf/in.2, absolute)
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V1 = velocity, ft/sec
W = actual mass flow rate, lbm/secCommon values of a and b are listed in Table II-2.2.1-1.
(3) Determine the safetyvalveoutletpressure,P1a, atthe inlet to the discharge elbow (Figure II-2.2.1-1).
(-a) Determine the total equivalent length-to-diameter ratio,L/D, by adding the ratio of each component(pipe, elbow, fittings, etc.), Σ(L/D).
(-b) Determine a Darcy-Weisbach friction factor, f,to be used. (For steam, a value of 0.013 can be used as agood estimate since f will vary slightly in turbulent pipeflow.)

(-c) Determine a specific heat ratio (for super-heated steam, k = 1.3 can be used as an estimate; for satu-rated steam, k = 1.1).
(-d) Calculate f[Σ(L/D)].
(-e) Enter Figure II-2.2.1-2 with the value of

f[Σ(L/D)] and determine P/P*.
(-f) P1a = P1 (P/P*).
(-g) P1a is the maximum operating pressure of thedischarge elbow.

(b) Second, determine the design pressure and velocityfor the vent pipe.
(1) Determine the pressure,P3, that exists at the ventpipe outlet (Figure II-2.2.1-3).
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(2) Determine the velocity, V3, that exists at the ventpipe outlet (Figure II-2.2.1-3).
=V V3 1

(3) Repeat steps (a)(3)(-a) to (a)(3)(-g) in the calcu-lation of the discharge elbow maximum operating pres-sure to determine themaximumoperating pressure of thevent pipe.
(4) Determine the velocity, V2, and pressure, P2, thatexist at the inlet to the vent pipe (Figure II-2.2.1-3).

Figure II-2.2.1-1 Discharge Elbow (Open Discharge Installation)

Point 1

Point 1a

Table II-2.2.1-1 Values of a and b

Steam Condition a, Btu/lbm bWet steam,<90% quality 291 11Saturated steam,≥90% quality,15 psia ≤ P1 ≤ 1,000 psia 823 4.33
Superheated steam,≥90% quality,1,000 psia < P1 ≤ 2,000 psia [Note (1)] 831 4.33
NOTE: (1) This method may be used as an approximation for pres-sures over 2,000 psi, but an alternatemethod should be used for veri-fication.
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(-a) Enter Figure II-2.2.1-22 with the value of
f[Σ(L/D)] from step (a)(3)(-d) and determine values of
V/V* and P/P*.

(-b) Calculate V2.
= *V V V V( / )2 3

(-c) P2 = P3 (P/P*). This is the highest pressure thevent stack will see and should be used in calculating ventpipe blowback (see para. II-2.3.1.2).

II-2.2.2 Pressure for Closed Discharge Installations.The pressures in a closed discharge pipe during steady-state flowmaybedeterminedby themethodsdescribed inpara. II-2.2.1. However, when a safety valve discharge isconnected to a relatively long run of pipe and is suddenlyopened, there is a period of transient flowuntil the steady-state discharge condition is reached. During this transientperiod, the pressure and flow will not be uniform. Whenthe safety valve is initially opened, the discharge pipemaybe filled with air. If the safety valve is on a steam system,the steam discharge from the valve must purge the airfrom the pipe before steady-state steam flow is estab-lished and, as the pressure builds up at the valveoutlet flange andwaves start to travel down the dischargepipe, the pressurewave initially emanating from the valvewill steepen as it propagates, and it may steepen into ashock wave before it reaches the exit. Because of this, it is
2 Figure II-2.2.1-2 may be extended to other values of f [Σ(L/D)] by useof the Keenan and Kaye gas tables for Fanno lines. The Darcy-Weisbachfriction factor is used in Figure II-2.2.1-2, whereas the gas tables use theFanning factor, which is one-fourth the value of the Darcy-Weisbachfactor.

Figure II-2.2.1-2 Compressible Flow Analysis
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recommended that the design pressure of the closeddischarge pipe be greater than the steady-state operatingpressure by a factor of at least 2.
II-2.3 Reaction Forces From Valve DischargeIt is the responsibility of the piping system designer todetermine the reaction forces associated with valvedischarge. These forces can create bending moments atvarious points in the piping system so high as to causecatastrophic failure of the pressure boundary parts.Since the magnitude of the forces may differ substantially

depending on the type of discharge system, each systemtype is discussed in paras. II-2.3.1 and II-2.3.2.
II-2.3.1 Reaction Forces With Open Discharge

Systems

II-2.3.1.1 Discharge Elbow.The reaction force, F, dueto steady-state flow following the opening of the safetyvalve includes both momentum and pressure effects.The reaction force applied is shown in FigureII-2.2.1-1, and may be computed by the following equa-tion:

Figure II-2.2.1-3 Vent Pipe (Open Discharge Installation)
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= +F
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c
a1 1 1 1

where
A1 = exit flow area at Point 1, in.2
F1 = reaction force at Point 1, lbf
gc = gravitational constant
x = 32.2 lbm-ft/lbf-sec2

P1 = static pressure at Point 1, psia
Pa = atmospheric pressure, psia
V1 = exit velocity at Point 1, ft/sec
W = mass flow rate (relieving capacity stamped on thevalve × 1.11), lbm/secTo ensure consideration of the effects of the suddenlyapplied load F, a dynamic load factor, DLF, should beapplied (see para. II-3.5.1.3).The methods for calculating the velocities and pres-sures at the exit point of the discharge elbow are thesame as those discussed in para. II-2.2 of this Appendix.

II-2.3.1.2 Vent Pipe. Figure II-2.2.1-3 shows theexternal forces resulting from a safety valve dischargethat act on the vent pipe. The methods for calculating
F2 and F3 are the same as those previously described.The vent pipe anchor and restraint system must becapable of taking the moments caused by these twoforces, and also be capable of sustaining the unbalancedforces in the vertical and horizontal directions.A bevel of the vent pipe will result in a flow that is notvertical. The equations shown are based on vertical flow.To take account for the effect of a bevel at the exit, the exitforce will act at an angle, ϕ, with the axis of the vent pipedischarge, which is a function of the bevel angle, θ. Thebeveled top of the vent deflects the jet approximately 30deg off the vertical for a 60 deg bevel, and this will intro-duce a horizontal component force on the vent pipesystems.The terms in the equations shown in Figure II-2.2.1-3are the same as those defined in para. II-2.3.1.The vent pipe must be sized so that no steam is blownback at the vent line entrance. The criteria that may beused as a guide to prevent this condition are listed below.
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where
A = area, in.2
gc = gravitational constant
x = 32.2 lbm-ft/lbf-sec2

P1, P2 = local absolute pressure, psia
Pa = standard atmospheric pressure, psia
V = velocity, ft/sec
W = mass flow rate, lbm/sec

The inequality states that themomentum at Point 1 hasto be greater than the momentum at Point 2 in order thatair is educted into the vent pipe. If themomentum at Point1 equaled the momentum at Point 2, no air would beeducted into the vent pipe. If the momentum at Point1 was less than the momentum at Point 2, steamwould “blow back” from the vent pipe.The educting effect of the vent pipe is especially impor-tant for indoor installation of safety valves. The steambeing vented from the upper body during safety valveoperation will be removed from the area through thevent pipe. For that reason, the fluid momentum atPoint 1 should exceed the fluid momentum at Point 2,not just be equal.If this inequality is satisfied, blowback will not occur.The pressures and velocities are those calculated inpara. II-2.2.1.
II-2.3.2 Reaction Forces With Closed Discharge

Systems. When safety valves discharge a closed pipingsystem, the forces acting on the piping system understeady-state flow will be self-equilibrated, and do notcreate significant bending moments on the pipingsystem. The large steady-state force will act only at thepoint of discharge, and the magnitude of this forcemay be determined as described for open dischargesystems.Relief valvesdischarging into anenclosedpiping systemcreate momentary unbalanced forces that act on thepiping system during the first few milliseconds followingrelief valve lift. The pressure waves traveling through thepiping system following the rapid opening of the safetyvalve will cause bending moments in the safety valvedischarge piping and throughout the remainder of thepiping system. In such a case, the designer mustcompute the magnitude of the loads, and perform appro-priate evaluation of their effects.
II-2.4 Other Mechanical LoadsOther designmechanical loads that must be consideredby the piping designer include the following:
(a) interaction loads on the pipe run when more thanone valve opens
(b) loads due to earthquake and/or piping systemvibration (see para. II-3.4)

II-3 BENDING MOMENT COMPUTATIONS

II-3.1 GeneralOne of themost important considerations related to themechanical design and analysis of safety valve installationis the identification and calculation of the moments atcritical points in the installation. If the bendingmoments are not properly calculated, it will not bepossible to meet the loading and stress criteria containedin ASME B31.1. As a minimum, the following loads,
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previously discussed in para. II-2 of this Appendix, shouldbe considered in determining these moments:
(a) thermal expansion
(b) deadweight
(c) earthquake
(d) reaction force from valve discharge
(e) other mechanical loadsThe analysis of the safety valve installation shouldinclude all critical sections, such as intersection points,elbows, and transition sections, and any related piping,vessels, and their supports that may interact with thesafety valve installation. It is often most appropriate tomodel the safety valve installation and its relatedpiping as a lumped mass system joined by straight orcurved elements.

II-3.2 Thermal Expansion AnalysisThere are many standard and acceptable methods fordetermination of moments due to thermal expansion ofthe piping installation. The thermal expansion analysismust comply with the requirements in para. 119. Thesafety valve installation often presents a specialproblem in that there may be a variety of operationalmodes toconsiderwhereeachmoderepresentsadifferentcombination of temperatures in various sections of thepiping system. The design condition shall be selectedso that none of the operational modes represents a condi-tion that gives thermal expansion bending momentsgreater than the design condition.The design of the safety valve installation shouldconsider the differential thermal growth and expansionloads, as well as the local effects of reinforcing andsupports. The design should also consider the differentialthermal growth and expansion loads existing after anycombinationof safety valves (one valve to all valves) oper-ates, raising the temperature of the discharge piping.
II-3.3 Deadweight AnalysisThe methods used for determination of bendingmoments due to deadweight in a safety valve installationare not different from the methods used in any otherpiping installation. If the support system meets the re-quirements in para. 121, the bending moments due todeadweight may be assumed to be 1,500Z (in.-lb),where Z is the section modulus (in.3) of the pipe orfitting being considered. However, bending momentsdue to deadweight are easily determined and shouldalways be calculated in systems where stresses exceed90% of the allowable stress limits in meeting the require-ments of Figure 104.8-1, eqs. (15) and (16).
II-3.4 Earthquake AnalysisSeismic loads must be known to calculate bendingmoments at critical points in the safety valve installation.If a design specification exists, it should stipulate if the

piping system must be designed for earthquake. If so,it should specify the magnitude of the earthquake, theplant conditions under which the earthquake isassumed to occur, and the type of earthquake analysisto be used (equivalent static or dynamic). If a design spec-ification does not exist, it is the responsibility of thedesigner to determine what consideration must begiven to earthquake analysis. It is beyond the scope ofthis Appendix to provide rules for calculating momentsdue to earthquake. The literature contains satisfactoryreferences for determining moments by use of staticseismic coefficients and how to perform more sophisti-cated dynamic analyses of the piping system usinginputs in such formas timehistoriesof displacement, velo-city, and acceleration or response spectrawhere displace-ment, velocity, or acceleration is presented as a function offrequency.
II-3.5 Analysis for Reaction Forces Due to Valve

Discharge

II-3.5.1 Open Discharge Systems

II-3.5.1.1 The moments due to valve reaction forcesmay be calculated by simply multiplying the force, calcu-lated as described in para. II-2.3.1.1, times the distancefrom the point in the piping system being analyzed,times a suitable dynamic load factor. In no case shallthe reaction moment used in para. II-4.2 at the branchconnection below the valve be taken at less than theproduct of
F D(DLF)( )( )1where

D = nominal O.D. of inlet pipeDLF = dynamic load factor (see para. II-3.5.1.3)
F1 = force calculated per para. II-2.3.1.1Reaction force and resultant moment effects on theheader, supports, and nozzles for each valve or combina-tion of valves blowing shall be considered.
II-3.5.1.2 Multiple Valve Arrangements. Reactionforce and moment effects on the run pipe, header,supports, vessel, and connecting nozzles for each valveblowing, and, when appropriate, for combinations ofvalves blowing, should be considered. In multiple valvearrangements, each valve will open at a different time,and since all valves may not be required to openduring an overpressure transient, several possible combi-nations of forces can exist. It may be desirable to vary thedirection of discharge of several safety valves on the sameheader to reduce the maximum possible forces when allvalves are blowing.
II-3.5.1.3 Dynamic Amplification of Reaction Forces.In a piping system acted on by time-varying loads, theinternal forces and moments are generally greater than
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those produced under static application of the load. Thisamplification is often expressed as the dynamic loadfactor, DLF, and is defined as the maximum ratio ofthe dynamic deflection at any time to the deflectionthat would have resulted from the static application ofthe load. For structures having essentially one degreeof freedom and a single load application, the DLF valuewill range between one and two depending on thetime history of the applied load and the natural frequencyof the structure. If the run pipe is rigidly supported, thesafety valve installation can be idealized as a one-degree-of-freedom system and the time history of the appliedloads can often be assumed to be a single ramp functionbetween the no-load and steady-state conditions. In thiscase, theDLFmay be determined in the followingmanner:
(a) Calculate the safety valve installation period, T,using the following equation and Figure II-3.5.1.3-1:

=T
Wh

EI
0.1846

3

where
E = Young’s modulus of inlet pipe, lb/in.2, at designtemperature
h = distance from run pipe to centerline of outletpiping, in.
I = moment of inertia of inlet pipe, in.⁴
T = safety valve installation period, sec
W = weight of safety valve, installation piping, flanges,attachments, etc., lb
(b) Calculate the ratio of safety valve opening time toinstallation period (to/T), where to is the time the safetyvalve takes to go from fully closed to fully open, sec, and Tis determined in (a).
(c) Enter Figure II-3.5.1.3-2 with the ratio of safetyvalve opening time to installation period and read theDLF from the ordinate. The DLF shall never be takenless than 1.1.If a less conservativeDLF is used, theDLF shall be deter-mined by calculation or test.

II-3.5.1.4 Valve Cycling. Often, safety valves are fulllift, pop-type valves, and are essentially full-flow devices,with no capability for flowmodulation. In actual pressuretransients, the steam flow required to prevent overpres-sure is a varying quantity, from zero to the full rated ca-pacity of the safety valves. As a result, the valves may berequired to open and close a number of times during thetransient. Since each opening and closing produces a reac-tion force, consideration should be given to the effects ofmultiple valve operations on the piping system, includingsupports.
II-3.5.1.5 Time-History Analysis. The reaction forceeffects are dynamic in nature. A time-history dynamicsolution, incorporating a multidegree-of-freedomlumped mass model solved for the transient hydraulic

forces, is considered to be more accurate than theform of analysis presented in this Appendix.
II-3.5.2 Closed Discharge Systems. Closed dischargesystems do not easily lend themselves to simplifiedanalysis techniques. The discussions on pressure inpara. II-2.2.2 and on forces in para. II-2.3.2 indicatethat a time-history analysis of the piping system maybe required to achieve realistic values of moments.
II-3.5.3 Water Seals. To reduce the problem of steamor gas leakage through the safety valve seats, the valveinlet piping may be shaped to form a water seal beloweach valve seat. If the valves are required to open toprevent overpressure, the water from the seal isdischarged ahead of the steam as the valve disk lifts.The subsequent flow of water and steam through thedischarge piping produces a significant pressure andmomentum transient. Each straight run of dischargepiping experiences a resulting force cycle as the watermass moves from one end of the run to the other.For most plants that employ water seals, only the firstcycle of each occurrence has a force transient based onwater in the seal. The remaining cycles of each occurrencewould be based on steam occupying the seal piping, andthe transient forces would be reduced in magnitude.

II-4 LOADING CRITERIA AND STRESS
COMPUTATION

II-4.1 Loading CriteriaAll critical points in the safety valve installation shallmeet the following loading criteria:
+S S Slp SL h (1)

+ +S S S kSlp SL OL h (2)
+ + +S S S S Slp SL E A h (3)where

SE = bending stresses due to thermal expansion
Slp = longitudinal pressure stress
SOL = bending stresses due to occasional loads, such asearthquake, reaction from safety valvedischarge, and impact loads
SSL = bending stresses due to sustained loads, such asdeadweight

Sh, k, and SA are as defined in ASME B31.1.The three loading criteria defined above are repre-sented by Figure 104.8-1, eqs. (15) and (16).
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II-4.2 Stress Calculations

II-4.2.1 Pressure Stresses. The Code does not requiredetermination of the pressure stresses that could causefailure of the pressure-containing membrane. Instead,the Code provides rules to ensure that sufficient wallthickness is provided to prevent failures due to pressure.It is not necessary to repeat these rules in this Appendix;however, some of themore important are listed below forreference.
(a) All pipe (plus other components) must satisfy theminimum required wall thickness of eq. (7) in para.104.1.2. In addition, wall thickness must be adequateto satisfy Figure 104.8-1, eqs. (15) and (16). These twoequations may govern determination of wall thicknessin low-pressure systems.

(b) No minimum wall thickness calculations areneeded for components purchased to approved standardsin Table 126.1-1.
(c) Pipe bendsmustmeet the requirements of eq. (1) inpara. II-4.1 after bending.
(d) Branch connections that do not meet the require-ments of eq. (2) in para. II-4.1mustmeet the area replace-ment requirements of para. 104.3.
II-4.2.2 Pressure Plus Bending Stresses. To guardagainst membrane failures (catastrophic), to preventfatigue (leak) failures, and to ensure shakedown, the equa-tions in para. 104.8 must be satisfied. These equationsapply to all components in the safety valve installationand will not be repeated here. However, some additionalexplanationof theseequations in regard to theverycritical

Figure II-3.5.1.3-1 Safety Valve Installation (Open Discharge System)
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points upstream of the safety valve are in paras. II-4.2.2.1and II-4.2.2.2.
II-4.2.2.1 Additive Stresses at Branch Connection.For the purposes of Figure 104.8-1, eqs. (15) through(17), the section modulus and moments for applicationto branch connections, such as safety valve inlet pipes,are as follows:

(a) For branch connections, Z should be the effectivesection modulus for the branch as defined in para. 104.8.Thus,
= =Z Z r t (effective section modulus)b b s

2where
rb = mean branch cross-sectional radius, in.
ts = lesser of tr and itb,where

i = the branch connection stress intensifica-tion factor
tb = nominal thickness of branch pipe
tr = nominal thickness of run pipe

(b) Moment terms shall be defined as follows:
= + +M M M MB x y z3

2
3
2

3
2

where MB, Mx3, My3, and Mz3 are defined in para. 104.8.
(c) Where the Do/tn of the branch connection differsfrom the Do/tn header or run, the larger of the two

Do/tn values should be used in the first term of Figure104.8-1, eqs. (15) and (16), where Do and tn aredefined in paras. 104.1 and 104.8, respectively.
II-4.2.2.2 Additive Stresses in Inlet Pipe. Figure104.8-1, eqs. (15) through (17) may be applied to theinlet pipe in the same manner as described above forthe branch connection, except that the values for Do/tnand Z should be for the inlet pipe and the stress intensi-fication factor used will be different. It should be notedthat the values Do, tn, and Z should be taken from apoint on the inlet pipe such that Do/tn will have amaximum and Z a minimum value for the inlet pipe.

II-4.2.3 Analysis of Flange. It is important that themoments from the various loading conditions describedin para. II-4.2.2 do not overload the flanges on the safety

Figure II-3.5.1.3-2 Dynamic Load Factors for Open Discharge System

GENERAL NOTE: This Figure is based on curves from Introduction to Structural Dynamics, J. M. Biggs, McGraw-Hill Book Co., 1964.
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valve inlet and outlet. One method of doing this is toconvert the moments into an equivalent pressure thatis then added to the internal pressure. The sum ofthese two pressures, PFD, would be acceptable if eitherof the following criteria is met:
(a) PFD does not exceed the ASME B16.5 flange rating.
(b) SH, SR, and ST should be less than the yield stress atdesign temperature, where SH, SR, and ST are as defined inASMEBPVC, SectionVIII, Division1, 2-7with the followingexceptions:
(1) PFD should be used in the ASME BPVC, SectionVIII, Division 1 equations instead of the design pressure.
(2) SH should include the longitudinal pressurestress at the flange hub.

II-4.2.4 Analysis of Valve. The allowable forces andmoments that the piping system may place on thesafety valves must be determined by the valve manufac-turer. In some cases, the valve flanges are limiting ratherthan the valve body.
II-5 DESIGN CONSIDERATIONS

II-5.1 GeneralThe design of safety valve installations shall be in accor-dancewith para. 104 except that consideration be given tothe rules provided in the following subparagraphs. Theserules are particularly concerned with that portion of thepiping system attached to and between the safety valveand the run pipe, header, or vessel that the valve servicesand includes the branch connection to the run pipe,header, or vessel.
II-5.2 Geometry

II-5.2.1 Locations of Safety Valve Installations.Safety valve installations should be located at leasteight pipe diameters (based on I.D.) downstream fromany bend in a high-velocity steam line to help preventsonic vibrations. This distance should be increased ifthe direction of the change of the steam flow is fromvertical upwards to horizontal in such a manner as toincrease density of the flow in the area directlybeneath the station nozzles. Similarly, safety valve instal-lation should not be located closer than eight pipediameters (based on I.D.) either upstream or downstreamfrom fittings.
II-5.2.2 Spacing of Safety Valve Installation. Spacingof safetyvalve installationsmustmeet the requirements inMandatory Appendix D, Table D-1, Note (10)(c).

II-5.3 Types of Valves and Installations

II-5.3.1 Installations With Single Outlet Valves.Locate unsupported valves as close to the run pipe orheader as is physically possible to minimize reactionmoment effects.

Orientation of the valve outlet should preferably beparallel to the longitudinal axis of the run pipe or header.Angular discharge elbows oriented to minimize thereaction force moment shall have a straight pipe of atleast one pipe diameter provided on the end of theelbow to ensure that the reaction force is developed atthe desired angle. Cut the discharge pipe square withthe centerline. Fabrication tolerances, realistic field erec-tion tolerances, and reaction force angle tolerances mustbe consideredwhen evaluating themagnitude of the reac-tion moment.The length of unsupported discharge piping betweenthe va l v e ou t l e t and the f i r s t ou t l e t e l bow(Figure II-1.2-2), distance l] should be as short as practicalto minimize reaction moment effects.
II-5.3.2 Installations With Double Outlet Valves.Double outlet valves with symmetrical tailpipes andvent stacks will eliminate the bending moment in thenozzle and the run pipe or header, provided there isequal and steady flow from each outlet. If equal flowcannot be guaranteed, the bending moment due to theunbalanced flow must be considered. Thrust loadsmust also be considered.
II-5.3.3 Multiple Installations. The effects of thedischarge of multiple safety valves on the same headershall be such as to tend to balance one another for allmodes of operation.

II-5.4 Installation Branch ConnectionsStandard branch connections shall as a minimum meetthe requirements of para. 104.3. It should be noted thatbranch connections on headers frequently do not havesufficient reinforcement when used as a connection fora safety valve. It may be necessary to provide additionalreinforcing (weld deposit buildup) or special headers thatwill satisfactorily withstand the reaction momentsapplied.Material used for the branch connection and its rein-forcement shall be the same or of higher strength thanthat of the run pipe or header.It is strongly recommended that branch connectionsintersect the run pipe or header normal to the surfaceof the run pipe or header at α = 90 deg, where α isdefined as the angle between the longitudinal axis ofthe branch connection and the normal surface of therun pipe or header. Branch connections that intersectthe run pipe or headers at angles,
>90 deg 45 degshould be avoided. Branch connections should not in anycase intersect the run pipe or header at angles,
< 45 deg
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II-5.5 Water in Installation Piping

II-5.5.1 Drainage of Discharge Piping. Drains shall beprovided so that condensed leakage, rain, or other watersources will not collect on the discharge side of the valveand adversely affect the reaction force. Safety valves aregenerally providedwith drain plugs that can be used for adrain connection. Discharge piping shall be sloped andprovided with adequate drains if low points are unavoid-able in the layout.
II-5.5.2 Water Seals. Where water seals are usedahead of the safety valve, the total water volume in theseals shall be minimized. To minimize forces due toslug flow or water seal excursion, the number ofchanges of direction and the lengths of straight runs ofinstallation piping shall be limited. The use of shortradius elbows is also discouraged; the pressure differen-tial across the cross section is a function of the elbowradius.

II-5.6 Discharge StacksIf telescopic or uncoupled discharge stacks or equiva-lent arrangements are used, then care should be taken toensure that forces on the stack are not transmitted to thevalve discharge elbow. Stack clearances shall be checkedfor interference from thermal expansion, earthquake dis-placements, etc. Discharge stacks shall be supportedadequately for the forces resulting from valve dischargeso that the stack is not deflected, allowing steam to escapein the vicinity of the valve. In addition, the deflection of thesafety valve discharge nozzle (elbow) and the associatedpiping system when subjected to the reaction force of theblowing valve shall be calculated. This deflection shall beconsidered in the design of the discharge stack’s slip-jointto ensure that the discharge nozzle remains in the stack,preventing steamfromescaping in thevicinityof thevalve.To prevent blowback of discharging steam from theinlet end of the vent stack, consider the use of an antiblow-back device that still permits thermal movements of theheader.
II-5.7 Support DesignSupports provided for safety valves and the associatedpiping require analysis to determine their role in restraintas well as support. These analyses shall consider at leastthe following effects:
(a) differential thermal expansion of the associatedpiping, headers, and vessels.
(b) dynamic response characteristics of the support inrelation to the equipment being supported and the struc-ture to which it is attached, during seismic events andvalve operation. Maximum relative motions of variousportions of the building and structures to which supportsare attached resulting from seismic excitation must be

considered in selecting, locating, and analyzing supportsystems.
(c) capability of the support to provide or not providetorsional rigidity, per the support design requirements.
II-5.7.1 Pipe Supports. Where necessary, it is recom-mended that the support near the valve discharge beconnected to the run pipe, header, or vessel ratherthan to adjacent structures to minimize differentialthermal expansion and seismic interactions.Each straight leg of discharge piping should have asupport to take the force along that leg. If the supportis not on the leg itself, it should be as near as possibleon an adjacent leg.When a large portion of the system lies in a plane, thepiping, if possible, should be supported normal to thatplane even though static calculations do not identify adirect force requiring restraint in that direction.Dynamic analyses of these systems have shown thatout-of-plane motions can occur.
II-5.7.2 Snubbers.Snubbersareoftenused toprovideasupport or a stopagainst a rapidly applied load, suchas thereaction force of a blowing valve or the pressure-momentum transient in a closed piping system. Sincesnubbers generally displace a small distance beforebecoming rigid, the displacement must be consideredin the analysis. In addition, if the load is applied to thesnubber for a relatively long time, the snubber perfor-mance characteristics shall be reviewed to ensure thatthe snubber will not permit motion during the timeperiod of interest, or the additional displacement mustbe considered in the analysis. The snubber performanceshall also be reviewed for response to repetitive loadapplications caused by the safety valve cycling openand closed several times during a pressure transient.

II-5.8 Silencer InstallationSilencers are occasionally installed on safety valvedischarges to dissipate the noise generated by thesonic velocity attained by the fluid flowing through thevalve.Silencers must be properly sized to avoid excessivebackpressure on the safety valve causing impropervalve action or reducing relieving capacity.Safety valve discharge piping, silencers, and vent stacksshall be properly supported to avoid excessive loading onthe valve discharge flange.
II-6 SAMPLE DESIGNSExamples of various safety valve installations that adesigner may encounter in practice are presented inFigures II-1.2-2 and II-6-1.
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II-7 SAMPLE PROBLEM (SEE FIGURES II-7-1 AND
II-7-2)

II-7.1 Procedure

(a) Determine the pressure and velocity at thedischarge elbow exit.
(b) Calculate the maximum operating pressure for thedischarge exit.
(c) Calculate the reaction force at the discharge elbowexit.
(d) Calculate thebendingmomentsofPoints (1)and(2)from the reaction force and seismic motion.

(e) Determine the stress intensification factors atPoints (1) and (2).
(f) Calculate thepredicted stresses at Points (1) and (2)and compare with the allowable stress.
(g) Calculate the maximum operating pressure for thevent pipe.
(h) Check for blowback.
(i) Calculate the forces and moments on the vent pipe.

Figure II-6-1 Examples of Safety Valve Installations
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Figure II-7-1 Sample Problem Figure 1
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Figure II-7-2 Sample Problem Figure 2
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II-7.1.1 Pressure and Velocity at Discharge Elbow Exit
(Para. II-2.2.1)
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1
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2 1
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where
a = 823 Btu/lbm for 15 ≤ P1 ≤ 1,000 psia and

ho ≤ 1,600 Btu/lbm
A1 = 50.03 in.2
b = 4.33 for 15 ≤ P1 ≤ 1,000 psia and ho ≤ 1,600 Btu/lbm
gc = 32.2 lbm-ft/lbf-sec2
ho = stagnation enthalpy for steam at 925 psia,1,000°F
x = 1,507.3 Btu/lbm
J = 778 ft-lbf/Btu

P1 = 118 psia
V1 = 2,116 ft/sec
W = flow rate
x = 116.38 lbm/sec

II-7.1.2 Discharge Elbow Maximum Operating Pres-
sure. For NPS 8 Class 150 ASME weld neck flange,
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From Figure II-2.2.1-2, P/P* = 1.647.
= * =P P P P( / ) 194 psiaa1 1

II-7.1.3 Reaction Force at Discharge Elbow Exit. Reac-tion force,
= +F

WV

g
P P A( )

c
a1

1
1 1

where
A1 = 50.03 in.2
gc = 32.2 lbm-ft/lbf-sec2

P1 = 118 psia
Pa = 15 psia
V1 = 2,116 ft/sec
W = 116.38 lbm/sec

= =P P( ) 118 15 103 psiaa1

=WV g/ 7,648 lbf
c1

=P P A( ) 5,153 lbfa1 1

=F 12,801 lbf1

II-7.1.4 Bending Moments at Points (1) and (2)

(a) Bending Moment at Points (1) and (2) Due to Reac-
tion at Point (1)DLF = dynamic load factor

L = moment arm
x = 24 in.

M1(1) = M1(2)
x = F1 × L × DLFTo determine DLF, first determine the safety valve instal-lation period, T:

=T
Wh

EI
0.1846

3

where
E = Young’s modulus of inlet pipe at design tempera-ture
x = 23 × 10⁶ psi
h = distance from run pipe to centerline of outletpiping
x = 19 in.
I = moment of inertia of inlet pipe
x = ( )D Do i64

4 4UseaverageO.D. and I.D. todetermine I. Do=9.875in. avg.; Di = 6 in. avg.
x = 403.2 in.⁴
T = 0.00449 sec
W = weight of valve
x = 800 lbFor a valve rise time of 0.040 sec = to, the ratio to/T is 8.9.From Figure II-3.5.1.3-2, DLF = 1.11.Using F1 = 12,801 lbf, L = 24 in., and DLF = 1.11,

M1(1) = M1(2) = 341,018 in.-lb
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(b) Bending Moments at Points (1) and (2) Due to
Seismic Loading
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( )

FSeismic force, mass acceleration

1.5 32.2 ft/sec

1,200 lbf

S

800 lbm

32.2 lbm-ft/lbf-sec

2

2

Moment arm for Point (1) = 19 in.
= =( )M 1,200 lbf 19 in. 22,800 in.-lbS(1)Moment arm for Point (2) = 12 in.
= =( )M 1,200 lbf 12 in. 14,400 in.-lbS(2)

(c) Combined Bending Moments at Points (1) and (2)
= + =M M M 363,819 in.-lbS(1) 1(1) (1)

= + =M M M 355,419 in.-lbS(2) 1(2) (2)

II-7.1.5 Stress Intensification Factors at Points (1) and
(2)

(a) At Point (1), Branch Connection
=i 2.05(1)

(b) Stress Intensification Factors at Point (2), Butt Weld
=i 1.0(2)

II-7.1.6 Predicted Stresses at Points (1) and (2)

(a) Predicted Stresses at Point (1), Branch Connection
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t
Predicted stress

4

o

n

= =

D

t
for run pipe

33.25 in.

2.5 in.
13.3o

n

= =

D

t
for branch pipe

11 in.

2.5 in.
4.4o

nUse larger value with P = 910 psig.
=Pressure stress 3,030 psi(1)

=

iM

Z
Flexure stress

0.75
(1)

(1)

(1)

=Z r tb s(1)
2

=t t i tlesser of or ( )s r b

= =t i t2.5 in.; ( ) (2.05)2.5 in.R b

=t 2.5 in.S

=r 4.25 in.b

=Z 142 in.(1)
3

= =i M2.05; 363,819 in.-lb(1) (1)

=Flexure stress 3,939 psi(1)

=

+

=

Combined stress pressure stress

flexure stress

6,969 psi

(1) (1)

(1)

(b) Predicted Stresses at Point (2), Butt Weld

=

PD

t
Pressure stress

4

o

n

=P 910 psig

=D 8.75 in.o

=t 1.218 in.n

=Pressure stress 1,635 psi(2)
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=

iM

Z
Flexure stress

0.75
(2)

(2)

(2)

=Z
D D

D32

o i

o

(2)

4 4

=D 8.75 in.o

=D 6 in.i

=Z 51.1 in.(2)
3

=i 1.0(2)

=M 355,419 in.-lb(2)

=Flexure stress 6,955 psi(2)(Note that 0.75i is set equal to 1.0whenever 0.75i is lessthan 1.0, as in this case.)
=

+

=

Combined stress pressure stress

flexure stress

8,590 psi

(2) (2)

(2)

(c) Comparison of Predicted Stress With Allowable
Stress. Allowable stress of nozzle material at 1,000°F is

=S 7,800 psih

=k 1.2

=kS 9,360 psih

=Combined stress 6,969 psi(1)

=Combined stress 8,590 psi(2)

II-7.1.7 Calculate the Maximum Operating Pressure
for Vent Pipe
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From Figure II-2.2.1-2, P/P* = 1.506.
= * =P P P P( / ) 77.4 psia2 3

II-7.1.8 Check for Blowback From Vent Pipe. Calculatethe velocity V2 that exists at the inlet to the vent pipe[para. II-2.2.1(b)(4)].
=

Ä

Ç

ÅÅÅÅÅÅÅÅÅ

i

k

jjj
y

{

zzz

É

Ö

ÑÑÑÑÑÑÑÑÑ
f

L

D
0.258 from para. II-7.1.7

= =V V 2,116 ft/sec3 1From Figure II-2.2.1-2, V/V* = 0.7120.
= * =V V V V( / ) 1,507 ft/sec2 3Check the inequality from para. II-2.3.1.2.

>
W V V

g
P P A P P A

( )
( ) ( )

c
a a

1 2
2 2 1 1

>

>

(77.4 14.7)(114.8)

(118 14.7)(50.03)

2,201 2,030

116.38 (2,116 1,507)

32.2

The inequality has been satisfied but the designer mayrequire a designmargin thatwouldmakeNPS14Schedule30moreacceptable. If a largerventpipe is chosen, then thevent pipe analysis would have to be repeated for the NPS14 Schedule 30 pipe.
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II-7.1.9 Calculate Forces and Moments on Vent Pipe
Anchor

= +

=

+
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F P P A( )

(77.4 14.7)(114.8)

5,447 7,198.0 12,645 lbf
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7,648 4,213 11,861 lbf

3
(116.38)(2,116)

32.2

Assume a 30 deg jet deflection angle for the vent pipeoutlet.Vertical component of F3 is
= =F F cos 30 deg 10,272 lbfV3 3Horizontal component of F3 is
= =F F sin 30 deg 5,931 lbfH3 3Net imbalance on the vent pipe in the vertical direction is

=F F 2,373 lbfV2 3Moment on the vent pipe anchor is
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distance from (a) to Point (3)

(2,373) (5,931)(10.0)

60,568 ft-lb
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2 3 2

3

1.06

2

o

The vent pipe anchorwould then bedesigned for the loadsshown in Figure II-7.1.9-1 for safety valve operation.
II-7.1.10 Conclusion. Branch connection stresses atPoints (1) and (2) due to seismic and relief valve dischargeare within 1.2Sh. Blowback will not occur with the NPS 12standard weight vent pipe. The vent pipe anchor loadshave been identified.

Figure II-7.1.9-1 Sample Problem Figure 3
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NONMANDATORY APPENDIX IV
CORROSION CONTROL FOR ASME B31.1 POWER PIPING

SYSTEMS

ð20Þ FOREWORDPresent Code rules apply to the design, materials, fabri-cation, assembly, erection, inspection, examination,testing, operation, and maintenance of piping systems.ThisAppendix contains guidelines that are applicable toexisting operating piping systems contained in the scopeof ASME B31.1, as well as “new construction.”Minimum requirements for corrosion control of powerpiping systems are outlined herein. It is recognized thatmany sound, although perhaps diverse, corrosion controlprograms exist. The philosophy used has been to establishminimum requirements. Users are encouraged toaugment these guidelines to suit their particular needsand to offer constructive criticism to the Committee onthis Appendix.
IV-1ð20Þ GENERALExternal and internal corrosion should be prevented orcontrolled consistent with design requirements and inconsideration of the environment in which the systemis located, including the anticipated service conditionsand the contained fluid or fluids.
IV-1.1 Recommended GuidanceApplication of corrosion control requires a significantamount of competent judgment. NACE SP0169 (ref. [1])(formerly NACE RP0169) provides guidance for estab-lishing the minimum requirements for control of corro-sion of underground or submerged metallic pipingsystems. NACE SP0106 (ref. [2]) provides guidancerelated to controlling internal corrosion of piping trans-porting hydrocarbon fluids. In addition, ASME B31G (ref.[3]) may provide additional guidance for piping not oper-ating in the creep range.
IV-1.2 Protection of All Piping SystemsThe following minimum requirements and proceduresshould be provided for protection of all piping systemscontaining hazardous liquids or gases and other pipingas specified by the owner against internal, external,and atmospheric corrosion.

IV-2 EXTERNAL CORROSION CONTROL FOR
BURIED OR SUBMERGED PIPELINES

IV-2.1 General

IV-2.1.1 Means to prevent or mitigate external corro-sion of buried or submerged piping systems should beconsidered in the initial design, unless it can be demon-stratedby tests, investigations, or experience in theareaofinstallation that a detrimental corrosive environmentdoes not exist.
IV-2.1.2 A means for control of external corrosion ofburiedor submergedpipeandcomponentsmaybeaccom-plished through application of an effective protectivecoating or wrapping. This method of corrosion controlcan be supplemented with cathodic protection such assacrificial anodes, rectifier-ground bed units, and suitabledrainage bonds in stray current areas.Materials should beselected with due regard to the type of supplementalcorrosion protection employed.

IV-2.2 Protective Coating

IV-2.2.1 Protective coatings applied for the purpose ofexternal corrosion should
(a) be applied on a properly prepared surface
(b) mitigate corrosion
(c) have sufficient adhesion to themetal surface and befree of voids so as to effectively resist underfilmmigrationof moisture
(d) be sufficiently ductile to resist cracking
(e) have sufficient strength to resist damage due tohandling and soil stress
(f) be impact resistant
IV-2.2.2 Coatings should have low moisture absorp-tion characteristics and provide high electrical resistance.Properly compounded concrete coatings may be used.
IV-2.2.3 Pipe coatings should be inspected visuallywith a holiday detector and thickness gage prior to back-filling the excavation. Any bare spots, thin areas, holidays,or other damage to the coating should be repaired andreexamined prior to backfilling.
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IV-2.2.4 Precautions should be taken tominimize pipecoating damage during installation if coated pipe isinstalled by boring, driving, or similar method.
IV-2.2.5 Pipe coatings should be protected fromdamage resulting from adverse ditch conditions ordamage from supporting blocks. Only fine-grain backfillis permitted in contact with the coating. This fine-grainlayer should be continuous and of sufficient thicknesstoprevent coatingdamage from larger articles in theback-fill.
IV-2.2.6 The backfilling operation should be carefullycontrolled to prevent damage to pipe coatings.

IV-2.3 Cathodic Protection System

IV-2.3.1 Unless it can be demonstrated by investiga-tion, tests, or experience that cathodic protection is notneeded, a cathodic protection system should be installedforall newburiedcarbonsteel, alloy, ductile iron, cast iron,aluminum, or other metallic piping.
IV-2.3.2ð20Þ All cathodic protection systems shouldcomply with NACE SP0169.
IV-2.3.3 Cathodic protection current should becontrolled so as to prevent damage to the protectivecoating, pipe, or components.

IV-2.4ð20Þ Electrical Isolation

IV-2.4.1 Buried or submerged coated and uncoatedpiping systems should be electrically isolated at all inter-connections with neighboring systems except wherearrangements are made for mutual cathodic protectionor where undergroundmetallic structures are electricallyinterconnected and cathodically protected as a unit. Elec-trical isolation of dissimilar metals, i.e., steel pipeconnected to aluminum tanks, should be provided.
IV-2.4.2 Grounding of all piping systems, whererequired, should be in accordance with IEEE Standard142 (ref. [4]) or acceptable alternate standards.
IV-2.4.3 The electrical continuity of all buried orsubmerged metallic piping systems is recommendedfor proper station grounding, and to facilitate the installa-tion of cathodic protection. Continuity across all mechan-ical joints should be achieved by electrical bonding.
IV-2.4.4 If a pipe culvert or sleeve is used, the encasedpipe should be independently supported outside each endof the sleeve and electrically insulated throughout thelength of the section.

IV-2.5 Electrical Interference

IV-2.5.1 The possibility of external corrosion inducedby stray electrical currents in the earth is recognized.These stray currents are generated by sources indepen-dent of the piping system, and are more predominant in

highly industrialized areas, mining regions, and localescontaining high voltage, direct current, electrical powerground beds. Neighboring companies’ pipeline cathodicprotection systems are also a common source of strayearth currents.
IV-2.5.2 The protection of the piping system againststray current-induced corrosion should be provided bymetallic bonds, increased electrical cathodic protection,supplemental protective coatings, or insulating flanges.
IV-2.5.3 Each cathodic protection systemprovided forthe plant piping should be designed and installed so as tominimize any adverse effects on adjacent undergroundmetallic structures.
IV-2.5.4 Where piping systems are located near elec-trical transmission tower footings, ground cables, groundrods, or in other areaswhere fault currents or unusual riskof lightningmay be anticipated, piping should be providedwith protection against damage thatmay result from faultcurrents or lightning. Protective measures should also betaken at insulating devices where used.

IV-3 INTERNAL CORROSION CONTROL

IV-3.1 ð20ÞGeneralInternal corrosion might occur during operation. Aliquid or gas that will corrode the internal surfaces ofpiping should not be transported unless its corrosiveeffects have been investigated. The piping material andany lining should be selected to be compatible withthe flowing fluid to minimize corrosion. NACE SP0106may provide useful guidance.
IV-3.2 InhibitorsIf inhibitors are used to control internal corrosion, suffi-cient coupon samples or other types of monitoring tech-niques should be used to determine adequately theeffectiveness of the inhibitors.
IV-3.3 LiningsIf linings are used to prevent corrosion, they shouldmeet the quality specifications established by thedesign engineer. They should be inspected in accordancewith industry-recommended practices. All base materialandweldmetal surfaces should be coveredwith the liningto at least the thickness specified by the designer.
IV-3.4 Precautions at HydrotestingEquipment fabricated from austenitic (300 series) andferritic (400 series) stainless steels and requiring hydro-static testing should be tested with deionizedwater, high-
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purity steam condensate, or potable water, in decreasingorder of preference.NOTE: Potable water in this context follows U.S. practice, with250 parts per million maximum chloride content, sanitized withchlorine or ozone.After testing is completed, equipment should be thor-oughly drained, with all high point vents open duringdraining, and dried by air blowing, swabbing, or otherappropriate means. If immediate draining and dryingare not possible, hydrotest water should be circulatedin the piping for at least one hourdaily to reduce the possi-bility of pitting and microbiologically influenced corro-sion.
IV-4ð20Þ EXTERNAL CORROSION CONTROL FOR

PIPING EXPOSED TO THE ATMOSPHEREPiping that is exposed to the atmosphere should beprotected against external corrosion by use of corro-sion-resistant materials or by application of protectivecoatings or paints. Periodic inspection of insulatedpiping may be necessary in instances where moisturecan be trapped against pipe surfaces, leading to externalsurface damage or wall thinning.
IV-5ð20Þ MONITORING OF PIPE WALL THINNING DUE

TO FLOW-ACCELERATED CORROSION

IV-5.1ð20Þ DefinitionFlow-acceleratedcorrosion(FAC) is acorrosionprocessthat leads to loss of wall thickness in carbon or low alloysteel pipe exposed to water orwet steam. The parametersthat affect the rate of metal loss include water or steamtemperature, pH, oxygen content of the fluid, steamquality, flow velocity and piping layout, and thepiping’s chromium, copper, and molybdenum content.Section IV-5 does not apply to other wall-thinningmechanisms, such as general corrosion, erosion, micro-biologically influenced corrosion, or cavitation.
IV-5.2ð20Þ Systems and Components Susceptible to

FACFAChas causedpiping failuresor severewall thinning inthe following systems:
(a) feedwater, auxiliary feedwater
(b) feedwater recirculation
(c) condensate recirculation
(d) blowdown
(e) turbine crossaround/crossover
(f) extraction steam
(g) moisture separator reheater
(h) feedwater heater drains, drips, and ventsPiping damage due to FAC is not limited to thesesystems and may occur in any system of carbon steelor low alloy piping that is exposed to water or wet

steam and operates at a temperature greater than200°F (93°C). System parameters and their effect onFAC rates are shown in Table IV-5.2-1.Typical piping components known to experience wallthinning due to FAC include elbows, tees, reducers, andclosely coupled fittings. Piping downstreamandupstreamof these fittings and downstream of orifices and controlvalves is also susceptible.
IV-5.3 ð20ÞMethods of DetectionDetection of wall thinning due to FAC may be accom-plished by a number of NDE techniques including visual,radiographic, ultrasonic, and other measurementmethods. However, the most widely used method fordetection of wall thinning caused by FAC is ultrasonicthickness examination. Current industry practicesupports use of a repeatable grid patternwith identifiablereference points at grid intersections. Grid sizes shouldnot be greater than rt2 n , where r is the outsideradius and tn is the nominal wall thickness of thepiping item, except that grid sizes need not be smallerthan 1 in. (25 mm) and should not be larger than 6 in.(150 mm). Thickness readings should be recorded atthe grid intersection points and the pipe between thegrid points scanned for detection of local thinning. If un-acceptable thinning is detected, additional readingsshould be made and recorded with a refined or expandedgrid. If thinning is detected within the boundaries of acomponent grid, a refined grid should be definedwithin the component to further define the region ofwear and provide locations for documentation ofmeasurements. If unacceptable thinning is found at theboundary of a grid, the grid should be expanded in thedirection of thinning until thickness readings become ac-ceptable.

Table IV-5.2-1 ð20ÞFlow-Accelerated Corrosion Rates

Parameter FAC Rate Increases If Parameter IsFluid velocity Higher [over 10 fps (3 m/s) for water,over 150 fps (45 m/s) for steam]Fluid pH level Less than 9.2Fluid oxygen content Less than 30 ppbFluid temperature 200°F–450°F (93°C–232°C) (water)200°F–500°F (93°C–260°C) (wet steam)Steam quality Less than 100%Component geometry Such as to create more turbulenceComponent alloy contentof chromium, copper,and molybdenum Lower
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IV-5.4ð20Þ Acceptance StandardsThe Code-required wall thickness, tm, of each compo-nent inspected shall be determined in accordance withpara. 104 of the Code. The required wall thicknessshould include consideration of the minimum wall thick-ness required to satisfy all of the stress requirements ofpara. 104.A calculation of predicted wall thickness, tp, at the nextexamination should beperformed for all componentswithmeasured wall thickness less than 87.5% of nominal wallthickness, tn.
(a) All components with tp at the next examination ofless than tm or 0.8tn, whichever is greater, should be iden-tified. Additional examinations during the current inspec-tion should be performed for
(1) equivalent piping items in other trains when thesystemcontaining the subject piping itemconsists ofmorethan one train
(2) additional components in the same system/pipe-line that have been determined to be susceptible to FACWhen (1) and (2) reveal additional components thatmeet the criteria of (1), this process should be repeateduntil no additional components meet the criteria.

(b) All componentswith predictedwall thickness at thenext examination of less than or equal to the greater of tmor 0.2tn shall be repaired, replaced, or evaluated foracceptability for continued service. An acceptable evalua-tion procedure has been provided in refs. [3] and [5].

IV-5.5 ð20ÞRepair/Replacement ProceduresRepair or replacement of piping components should beperformed in accordance with Nonmandatory AppendixV. FAC damage rates for chrome-molybdenum alloys aresignificantly lower than for carbon steels and virtuallynonexistent for stainless steels. When replacement ischosen, consideration of the increased resistance ofalloy steels to FAC should be included in the selectionof the replacement component material. The use ofbacking rings, which can create areas of local turbulencethat will promote FAC damage, should be avoided.
IV-6 ð20ÞREFERENCES[1] NACE1 SP0169, Control of External Corrosion onUnderground or Submerged Metallic Piping Systems,Reaffirmed March 2007[2] NACE SP0106, Control of Internal Corrosion on SteelPipelines and Piping Systems, Approved December2006[3] ASME B31G, Manual for Determining the RemainingStrength of Corroded Pipelines[4] IEEE2 Standard 142, Recommended Practice forGrounding of Industrial and Commercial PowerSystems — IEEE Green Book (Color Book Series)[5]EPRI3ReportNSAC-202L-R4,Recommendations foranEffective Flow-Accelerated Corrosion Program (2013)

1 NACE: National Association of Corrosion Engineers (NACEInternational), 15835 Park Ten Place, Houston, TX 77084.2 IEEE: Institute of Electrical andElectronics Engineers, 445HoesLane,Piscataway, NJ 08854.3EPRI: Electric Power Research Institute, 3412 Hillview Avenue, PaloAlto, CA 94304.
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NONMANDATORY APPENDIX V
RECOMMENDED PRACTICE FOR OPERATION, MAINTENANCE,

AND MODIFICATION OF POWER PIPING SYSTEMS

ð20Þ FOREWORDThe ASME B31.1 Power Piping Code prescribesminimum requirements for the construction of powerand auxiliary service piping within the scope ofpara. 100.1. The Code, however, does not provide rulesor other requirements for a determination of optimumsystem function, effective plant operations, or othermeasures necessary to ensure the useful life of pipingsystems. These concerns are the responsibility of thedesigner and, after construction turnover, the OperatingCompany personnel responsible for plant activities.Past experience has shown that a need exists for thedefinition of acceptable plant practices for achievingboth reliable service and apredictable life in the operationof power piping systems. This Appendix is intended toserve that purpose. For this objective, this Appendix isstructured in three parts that recognize and addressthe following basic concepts:
(a) Operation.Thedesign of a piping system is basedonspecified service requirements and operating limitations.Subsequent operation within these defined limits isassumed and, for some systems, will be important foran acceptable service life.
(b) Maintenance. The design of a piping systemassumes that reasonable maintenance and plantservice will be provided. The lack of this support will,in some cases, introduce an increasing degree of pipingsystem life uncertainty.
(c) Modifications. Future modifications of a pipingsystem or its operational functions are not assumed inoriginal design unless specified. Modifications must notinvalidate the integrity of a piping system design.The practices in this Appendix are recommended for allplants and systems within the scope of the Power PipingCode, both for new construction and for existing plants inoperation. An acceptable implementation of these orequivalent practices will be beneficial for new systems.The application of these practices is recommended forpower piping systems in operating plants.The recommended practices in this Appendix defineminimum requirements for establishing a program toaccommodate the basic considerations for pipingsystem operation, maintenance, service, modification,and component replacement.

Chapter VII of this Code requires that each OperatingCompanydevelop operation andmaintenanceproceduresfor covered piping systems (CPS) to ensure safe facilityoperations after construction. This Appendix is intendedto provide direction to the Operating Company in thedevelopment of these procedures. Additionally, thisAppendix provides requirements that may be usefulfor maintenance of noncovered piping systems.A record-keeping program is prescribed that can serveas a point of reference for analyzing piping system distor-tions or potential failures. Such a program is intended toidentify distortions or failures and assure compatibilitybetween the materials and components of existingpiping systemswith those portions undergoing repair, re-placement, or modification.
V-1 DEFINITIONS1

Code: ASME Code for Pressure Piping, ASME B31.1 PowerPiping.
component: equipment, such as vessel, piping, pump, orvalve, that is combined with other components to forma system.
critical piping systems: those piping systems that are partof the feedwater-steam circuit of a steam generatingpower plant, and all systems that operate under two-phase flow conditions. Critical piping systems includeruns of piping and their supports, restraints, and rootvalves. Hazardous gases and liquids, at all pressureand temperature conditions, are also included herein.The Operating Company may, in its judgment, considerother piping systems as being critical, in which case itmay consider them as part of this definition.
examination: an element of inspection consisting of inves-tigation of materials, components, supplies, or services todetermine conformance to those specified requirementsthat canbedeterminedbysuch investigation.Examinationis usually nondestructive and includes simple physicalmanipulation, gaging, and measurement.
failure: a physical condition that renders a system, compo-nent, or support inoperable.
1The definitions pertain specifically to this Appendix.
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maintenance: actions required to assure reliable andcontinued operation of a power plant, including care,repair, and replacement of installed systems.
modification: change in piping design or operation accom-plished in accordance with the requirements and limita-tions of the Code.
procedure: document that specifies or describes how anactivity is to be performed. It may include methods to beemployed, equipment or materials to be used, andsequences of operations.
qualification (personnel): demonstration of the abilitiesgained through training and/or experience that enablean individual to perform a required function.
renewal: activity that discards an existing component andreplaces it with new or existing spare materials of thesame or better qualities as the original component.
repair: to restore the system or component to its designedoperating condition as necessary tomeet all Code require-ments.
specification: a set of requirements to be satisfied by aproduct,material, or process, indicating,whenever appro-priate, the procedure by means of which it may be deter-mined whether the requirements given are satisfied.
V-2 GENERAL

V-2.1 Application

V-2.1.1 This Appendix recommends minimum re-quirements for programs to operate and maintainASME B31.1 Power Piping systems and also for repairsto these systems.
V-2.1.2 Local conditions and the location of pipingsystems (such as indoors, outdoors, in trenches, orburied) will have considerable bearing on the approachto any particular operating and maintenance procedure.Accordingly, themethods and procedures set forth hereinserve as a general guide. The Operating Company isresponsible for the inspection, testing, operation, andmaintenance of the piping system and shall have theresponsibility for taking prudent action to deal withinherent plant conditions.

V-2.2 Conformance

V-2.2.1 When conformance with time periods forexamination recommended in this Appendix is imprac-tical, an extension may be taken if an evaluation demon-strates that no safety hazard is present.
V-2.3 Requirements

V-2.3.1 This Appendix recommends that the followingitems be established and implemented:

(a) complete design and installation records of the “as-built” large bore piping systems, including expansionjoints, hangers, restraints, and other supporting compo-nents. The Operating Company shall define those sizesconsidered to be large bore pipe.
(b) records of operation and maintenance history.
(c) programs for periodic inspection and monitoring.
(d) procedures for reporting and analyzing failures.
(e) procedures for maintenance, repairs, and replace-ments.
(f) procedures for abandoning piping systems and formaintaining piping systems in and out of service condi-tion.
(g) procedures for assuring that all personnel engagedin directmaintenance of such piping systems as defined inpara. V-5.2.1(c) are qualified by training or experience fortheir tasks or work.
V-2.3.2 ð20ÞConsideration should be given to identifyingthe contents of piping, with special consideration given topipingconveyinghazardous, flammable, or fire-quenchingfluids. Referencemay bemade to ASMEA13.1, Scheme forthe Identification of Piping Systems.

V-3 OPERATING AND MAINTENANCE PROGRAM

V-3.1 GeneralEach Operating Company shall develop an operatingand maintenance program comprising a series ofwritten procedures, keeping inmind that it is not possibleto prescribe a single set of detailed operating and main-tenance procedures applicable to all piping systems. Theoperating and maintenance procedures shall include per-sonnel qualifications as defined by the OperatingCompany, material history and records, and supplemen-tary plans to be implemented in case of piping system fail-ures. The requirements for an operating andmaintenanceprogram for CPS are included in paras. 139 through 142and 144.
V-3.2 DocumentationEach plant should maintain and file the following docu-mentation that exists for each unit:
(a) current piping drawings
(b) construction isometrics (or other drawings) thatidentify weld locations
(c) pipeline specifications covering material, outsidediameter, and wall thickness
(d) flow diagrams
(e) support drawings
(f) support setting charts
(g) records of any piping system modifications
(h) material certification records
(i) records of operating events that exceed designcriteria of the piping or supports
(j) valve data
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(k) allowable reactions at piping connections to equip-ment
(l) welding procedures and records

V-4 REQUIREMENTS OF THE OPERATING,
MAINTENANCE, AND MODIFICATION
PROCEDURESThe Operating Company shall have procedures for thefollowing, in addition to those required by paras. 139through 141 and 144:

(a) to perform normal operating and maintenancework. These procedures shall include sufficiently detailedinstructions for employees engaged in operating andmaintaining the piping systems.
(b) to prescribe action required in the event of a pipingsystem failure ormalfunction thatmay jeopardize person-nel safety, safe operation, or system shutdown. Proce-dures shall consider
(1) requirements defined for piping system opera-tions and maintenance and should include failure condi-tions underwhich shutdownmaybe required. Proceduresshould include both the action required and the conse-quence of the action on related systems or subsystems.
(2) the designation of personnel responsible for theimplementationof requiredaction, andminimumrequire-ments for the instruction, training, and qualification ofthese personnel.

(c) to inspect and review changes periodically in condi-tions affecting the safety of the piping system. Theseprocedures shall provide for a system of reporting to adesignated responsible person in order that correctivemeasures may be taken.
(d) to ensure that modifications are designed andimplemented by qualified personnel and in accordancewith the provisions of the Code.
(e) to analyze failures to determine the cause anddevelop corrective action to minimize the probabilityof recurrence.
(f) to intentionally abandon unneeded piping systems,or portions thereof, and to maintain those that are out ofservice for extended periods of time as defined by theOperating Company.
(g) to ensure that instruction books and manuals areconsulted in performing maintenance operations.
(h) to log, file, maintain, and update instruction books.
(i) to log operating and maintenance records.
(j) to review and revise procedures periodically asdictated by experience and changes in conditions.

V-5 PIPING AND PIPE-SUPPORT MAINTENANCE
PROGRAM AND PERSONNEL REQUIREMENTS

V-5.1 Maintenance Program

V-5.1.1 The maintenance program shall include thefollowing features:

(a) a purpose for the program
(b) the frequency for performing all elements of main-tenance in the program
(c) generic requirements as related to initial hangerpositions at time of unit startup, changes and adjustmentsin hanger positions at periodic inspections (see alsosection V-7), and review of themanufacturer’s instructionand maintenance manuals applicable to componentsincluded in the program
(d) updating and modification as may be desirable byreason of Code revisions and technological advances orother considerations
(e) steps to keep maintenance and inspection person-nel aware of program revisions

V-5.2 Personnel

V-5.2.1 To the extent necessary for conformance withthemaintenance programof theOperating Company, onlyqualified personnel shall be responsible for the following:
(a) observation, measurement, and recording the posi-tion of piping systems and support readings (see alsosection V-7)
(b) adjustment of supports and all other components ofsupport and restraint systems
(c) repair and periodic maintenance routinesincluding, but not limited to
(1) routine piping assembly, including welding ofintegral attachments
(2) mechanical repair of valves, traps, and similartypes of piping specialty components, including packings
(3) removal and replacement of piping insulation
(4) lubrication of applicable piping and supportcomponents, such as valves and constant supports, main-tenance of fluid levels in hydraulic restraints, and strokingof hydraulic and mechanical dynamic restraints (snub-bers)
(5) routine surveillance for changing conditionsincluding changes in position of piping and settings ofpiping supports and shock suppressors (snubbers)

V-6 MATERIAL RESTORATION

V-6.1 Material Condition After Failure

V-6.1.1 Defective components shall be repaired orreplaced with comparable or upgraded materials permis-sible by this Code after evaluation of the failure and takinginto account conclusions as to cause. Evenwhenmaterialsare replaced by the same or upgraded items, a formalfailure report should follow.
V-6.1.2 Care shall be exercisedwhen replacing systemcomponents toensure thatnoparts of the systemareover-stressed.Thestresses in therepairedsystemshallbeequalto or less than theoriginal stressesunless analysis permitsincreased stresses. During the replacement of the compo-nent, the piping system should be temporarily supported
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or restrained on both sides of the component to beremoved so as to maintain its as-found cold positionuntil the component or components are installed. If thedesired piping position cannot be maintained, an analysisshall be made to determine the reason for the problem. Anew stress analysis may be necessary. Care shall be exer-cisedwhenworkingona systemthathasbeensubjected toself-springing, relaxation, or cold pull.
V-6.1.3 Weld preparations and fit-up of theweld jointsshall meet the requirements of Chapter V.
V-6.1.4 Welding procedures and preheat/postheattreatments of the weld joints shall meet the minimum re-quirements of Chapter V.

V-6.2 Inspection Program for Materials With
Adverse History

V-6.2.1 Materials that have been reported to theindustry to exhibit an adverse performance undercertain conditions shall be given special attention bythe Operating Company through a program of plannedexamination and testing. This program shall includethe development of procedures for repair or replacementof the material when the Operating Company determinesthat such action is necessary.
V-6.2.2 Methods of surveillance and analysis shall bedetermined by the Operating Company. ASME PCC-3,Inspection Planning Using Risk-Based Methods, offersguidance for the development and implementation of arisk-based inspection program.
V-6.2.3 The frequency of the material inspection shallalso consider the expected service life of the component.

V-6.3 Nondestructive ExaminationNondestructive examinations used to investigate anysuspectmaterials or problem areas shall be in accordancewith Chapter VI.Other techniques or acceptance criteria may be usedwhen appropriate for the investigation being performedand when approved by the owner.
V-7 CPS POSITION HISTORY

V-7.1 General

V-7.1.1 The Operating Company shall develop andimplement aprogramandprocedures requiring recordingand documentation of piping support observations andpiping displacements. This program should include, ata minimum, CPS operating in the creep range. Recordsshould be kept andmaintained of position indicator read-ings, load adjustments, travel adjustments, repairs, andreplacements.

V-7.1.2 Although the Code recognizes that CPS pipesupports seldom return to their exact original positionsafter each heat cycle, piping system displacements shouldbe maintained within the bounds of engineering-evalu-ated limitations.
V-7.1.3 Documentation of the piping support observa-tions and piping displacements should be performed on aperiodic basis. Each set of hot and coldwalkdowns shouldnot exceed 5-yr intervals (typically associated with ascheduled major outage). Specific unit walkdown inter-vals are determined by theOperating Company. The inter-vals may be dependent on previous walkdown and NDEresults, unit operating conditions, environment, andindustry experience with specific piping or pipe supports.If a set of hot and coldwalkdowns is not performedwithin5 yr, the justification should be documented.

V-7.2 Visual SurveyThe CPS should be observed visually, as frequently asdeemed necessary. Any unusual conditions should bebrought to the attention of plant management personnelas prescribed in the procedures of para. V-3.1. Observa-tions should include determination of interferences withor fromotherpipingorequipment, vibrations, andgeneralcondition of the piping systemand supports, including butnot limited to hangers, guides, restraints, anchors, supple-mentary steel, and attachments.
V-7.3 Piping Position Markers

V-7.3.1 Piping position and displacements may bemonitored periodically at selected locations to documentfield conditions and to identify any migration beyond thebounds of engineering-evaluated limitations. For thepurpose of easily making periodic position determina-tions at the selected locations, permanent markings orpointersmay be attached to piping components. The posi-tions of these markings or pointers should be noted andrecorded with respect to stationary datum referencepoints.
V-7.3.2 Placement of pointers should be such that per-sonnel safety hazards are not created.

V-7.4 Pipe Supports on CPS

V-7.4.1 Pipe support readings should be observed andrecorded periodically. Piping system anomalies, such asinterferences and lagging/insulation damage, should alsobenoted and recorded. Readings shouldbeobtainedwhilethe piping is within the range of normal operatingtemperatures. The online pipe temperature rangeduring the time of reading supports should be recorded.Walkdowns during unit shutdown should also beperformed when the pipe is sufficiently cool [approxi-mately 100°F (38°C) or below]. In addition to onlineand off-line walkdowns, a postadjustment walkdown of
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the adjusted and adjacent supports should be performed.Walkdowns should be scheduled to evaluate the mostcritical operation scenarios; readings associated witheach critical operation mode should be documented.
V-7.4.2 Variable and constant spring supports,dynamic restraints and snubbers, sliding supports, andrigid rod supports should bemaintained so that they func-tion as designed and within the limits specified by themanufacturers and designers. Maintenance of theseitems may include, but not necessarily be limited to,cleaning, lubrication, and corrosion protection. Snubbersshould be examined and tested periodically in accordancewith the manufacturer’s recommendations to assure thatthey travel freely without binding and lock up withindesign parameters.

V-7.5 CPS RecordsCPS support design details may be documented asprovided in Form V-7.5-1. Records of position settingsof all constant and variable spring supports and of allsnubbers should be made before initial startup of theplant. Pipe position indicator readings, as observed onthe travel scales of variable and constant spring supports,should be recorded in a manner that can be easily inter-preted. The condition of rigid rod and sliding supportsshould also be recorded on walkdown logs. As examples,a suggested support hot walkdown record form isprovided in Form V-7.5-2, and a suggested supportcold walkdown record form is provided in FormV-7.5-3.Thewalkdown log sheet informationmaybeorga-nizedandpostprocessedonelectronicmedia aspart of theengineering evaluation process.The log sheets should be accompanied by a pipe-support location plan or piping-system isometricdrawing with hanger mark number designationsclearly noted. Records should include positions ofsliding supports and snubbers in the hot and cold (oper-ating and shutdown) conditions. Records should bemain-tained showing axial and lateral displacements inexpansion joints, including records of hot and cold (oper-ating and shutdown) positions, particularly those notequipped with control rods or gimbals. If necessary,robust reference markings should be created formeasuring differential displacements. Physical measure-ment records should include a description of location andmeasurement setup. Any adjustments to pipe-supporttravel and load ratings should be documented.
V-7.6 RecommendationsAfter complete examination of the records of observa-tions made in accordance with para. V-7.5, recommenda-tions for necessary corrective actions should bemade by aqualified individual. Evaluations, repairs, and/or modifi-cations should be carried out by qualified personnel for allof the following discrepancies:

(a) excessively corroded support components
(b) broken springs or any damaged hardware that ispart of the complete support assembly
(c) excessive piping vibration; valve operator shakingor movements
(d) piping interferences
(e) excessive piping deflection that may require theinstallation of spring supports having a greater travelrange or higher spring constant, or sliding support rede-sign
(f) significantly reduced or increased movementcompared to the expected design movement (such asthe maximum of more than 20% variation or 1 ∕2 in.from the expected travel)
(g) pipe sagging that may require support adjustmentor the reanalysis and redesign of the support system
(h) spring support unit riding at either the top or thebottom of the available travel
(i) need for adjustment of spring support load-carryingcapacity
(j) need for adjustments of support rods or turnbuckle
(k) loose or broken anchors
(l) inadequate clearances at guides or limit stops
(m) inadequate clearances between safety valve ventpipes, discharge elbows, and drip pans
(n) any failed or deformed support or support compo-nent (such as hanger, guide, U-bolt, anchor, snubber orshock absorber, dampener, and slide support) orsupporting steel
(o) unacceptable movement in expansion joints
(p) low fluid levels in hydraulic pipe restraints
(q) severely damagedormissing lagging and insulation

V-8 PIPING CORROSION

V-8.1 General

V-8.1.1 ð20ÞThis section pertains to the requirements forinspection of critical piping systems thatmay be subject tointernal or external erosion or corrosion, such as buriedpipe, piping in a corrosive atmosphere, or piping havingcorrosive or erosive contents. Requirements for inspec-tion of piping systems to detect wall thinning of pipingand piping components due to flow-accelerated corrosion(FAC) are also included. FAC of carbon steel piping mayoccur at locationswhere high fluid velocity exists adjacentto the metal surface, due to either high velocity or thepresence of some flow discontinuity (elbow, reducer,expander, tee, control valve, etc.) causing high levels oflocal turbulence. The FAC process may be associatedwith wet steam or high-purity, low-oxygen-contentwater systems. Damage may occur under both single-and two-phase flow conditions. Piping systems thatmay be damaged by FAC include, but are not limitedto, feedwater, condensate, heater drains, and wetsteam extraction lines. Maintenance of corrosioncontrol equipment and devices is also part of this
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section.Measures in addition to those listedhereinmayberequired.
V-8.1.2 Where corrosion is cited in this section, it is tobe construed to include anymechanism of corrosion and/or erosion. Recommended methods for monitoring anddetection, acceptance standards, and repair/replacementprocedures for piping components subjected to variouserosion/corrosion mechanisms, including flow-assistedcorrosion, are provided in Nonmandatory Appendix IV.
V-8.1.3 Guidance for the evaluation and monitoring ofcarbon steel piping susceptible to erosion/corrosion(flow-assisted corrosion) is provided in NonmandatoryAppendix IV, para. IV-5.

V-8.2 Procedures

V-8.2.1 The Operating Company shall establish proce-dures to cover the requirements of this paragraph.
V-8.2.2 Procedures shall be carriedoutbyorunder thedirection of persons qualified by training or experience incorrosion control and evaluation of piping systems forcorrosion damage.
V-8.2.3 Procedures for corrosion control shall include,but not be limited to, the following:
(a) maintenance painting to resist external ambientconditions
(b) coating and/or wrapping for external protection ofburied or submerged systems
(c) lining to resist internal corrosion from system fluidwhen applicable
(d) determining the amount of corrosion or erosion ofthe piping system internals caused by the flowing fluid
(e) determining the amount of external corrosioncaused by ambient conditions, such as atmosphere,buried in soil, installed in tunnels or covered trenches,and submerged underwater
(f) preparing records that shall include all knownleakage information, type of repairmade, location of cath-odically protected pipe, and the locations of cathodicprotection facilities including anodes
(g) examining records from previous inspections andperforming additional inspections where needed forhistorical records

V-8.3 Records

V-8.3.1 Tests, surveys, and inspection records to indi-cate the adequacy of corrosion control shall bemaintainedfor the service life of the piping system. This shouldinclude records of measured wall thickness and ratesof corrosion.
V-8.3.2 Inspection and maintenance records ofcathodic protection systems shall be maintained forthe service life of the protected piping.

V-8.3.3 Observations of the evidence of corrosionfound during maintenance or revision to a pipingsystem shall be recorded.
V-8.4 Examination of Records

V-8.4.1 Records shall be examined and evaluated bytrained personnel.
V-8.4.2 Where inspections or leakage history indicatethat active corrosion is taking place to the extent that asafety hazard is likely to result, applicable portions of thesystem shall be replaced with corrosion-resistant mate-rials or with materials that are protected from corrosion,or other suitable modifications shall be made.

V-8.5 Frequency of Examination

V-8.5.1 Within 3 yr after original installation, eachpiping system shall be examined for evidence of corrosionin accordance with the requirements established by theOperating Company’s procedures. Piping in severe serviceor environmental conditions should be inspected initiallywithin a time framecommensuratewith the severityof theservice or environment. Corrective measures shall betaken if corrosion is above the amount allowed for inthe original design.
V-8.5.2 Continued examination shall bemade at inter-vals basedon the results of the initial inspection, but not toexceed 5 yr, with corrective measures being taken eachtime that active corrosion is found.
V-8.5.3 Examination for evidenceof internal corrosionshall be made by one of the following:
(a) drilled hole with subsequent plugging
(b) ultrasonic test for wall thickness determination
(c) removal of representative pipe section at flangeconnections or couplings
(d) removal of short section of pipe
(e) radiography for evidence of wall thinning
(f) borescope or videoprobe examination
(g) a method equivalent to those in (a) through (f)
V-8.5.4 Examinations for evidence of external corro-sion shall bemade after removal of covering, insulation, orsoil on a representative short section of the piping system,taking into consideration varying soil conditions.

V-9 PIPING ADDITION TO EXISTING PLANTS

V-9.1 Piping ClassificationPiping and piping components that are replaced, modi-fied, or added to existing piping systems are to conform tothe edition and addenda of the Code used for design andconstruction of the original systems, or to later Codeeditions or addenda as determined by the OperatingCompany. Any additional piping systems installed in
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existing plants shall be considered as newpiping and shallconform to the latest edition of the Code.
V-9.2 Duplicate ComponentsDuplicates of original components and materials arepermitted for permanent replacements, provided therenewal is a result of reasonable wear and not theresult of the improper application of the material, suchas temperature and corrosive environment.
V-9.3 Replacement Piping and Piping ComponentsWhere replacement components differ from theoriginal components with respect to weight, dimensions,layout, ormaterial, thedesignof theaffectedpipingsystemshall be rechecked for the following design considera-tions:
(a) Hangers and supports shall be adequate for addi-tional or altered distribution of weight. They shall accom-modate the flexibility characteristics of the altered pipingsystem.
(b) Changes in stresses imposed on both existing andreplacement components of the piping shall be evaluatedand compensation shall be made to prevent overstress inany part of the entire altered piping system.

V-10 PRESSURE RELIEF DEVICES

V-10.1 GeneralThis section is applicable to pressure relief devices(PRDs) as defined by ASME PTC 25, Pressure ReliefDevices. Except as otherwise noted, or as applicable,all references to PRDs shall be considered to includeboth reclosing and nonreclosing PRDs. PRDs shall bemaintained in good working condition. Also, dischargepipes and their supports shall be inspected routinelyand maintained properly. Any evidence of blowback atthe drip pan of open PRD vent systems should benoted and its cause determined and corrected. Precau-tionary safeguards should be considered and providedto protect against the detrimental impact of dischargefrom PRDs on personnel and other equipment locatedin the surrounding area. These safeguards should alsoconsider the impact from discharge that may preventor restrict personnel from taking corrective actions nec-essary to permit the continued safe operation of the PRDvent systems and other nearby equipment.
V-10.2 Inspection, Testing, and Adjustment

V-10.2.1 Determination of appropriate inspection andtesting of PRDs for pressure setting or functionality shallbe in accordance with written procedures that incorpo-rate the requirements of regulatory agencies, operationalhistory and previous inspection results, jurisdictional re-quirements, and manufacturer’s instructions. Inspectionand applicable online testing should be performed and

documented just prior to a planned outage so that anyrequired repair or maintenance, except spring and blow-down ring adjustments, can be performed during theoutage, thereby assuring tight devices upon return toservice. It is recommended that all rupture disks andbreaking pin type devices be replaced periodically toprevent unintended and premature failure.
V-10.2.2 The setting or adjustment of PRDs shall bedone by personnel trained in the operation and mainte-nance of such devices. PRDs, as applicable, shall be testedafter any change in setting of the spring or blowdown ring.Appropriate seals should be used to assure that there is nounauthorized tampering with the device settings. Repairsto PRDs and disassembly, reassembly, and/or adjust-ments affecting the pressure relief device function,which are considered a repair, should be performed byan authorized repair organization.2

V-10.3 OperationThe precautions stated in themanufacturer’s operatingmanual or instruction books shall be followedwhen oper-ating valve-type PRDs. In general, these precautions willinclude the following:
(a) Hand lifting is permitted. Assistance, as required,may be accomplished by the use of small wires or chains.
(b) Striking or hammering the valve body shall not bepermitted. Only the hand-test lever shall be used.
(c) Attempts to stop leakage through the valve seatshall not be made by compressing the spring.

V-11 DYNAMIC LOADINGEvidence of excessive dynamic loadingmay include, butis not limited to, observation of abnormal piping motion,abnormal sounds from the piping, insulation damage,permanent displacement of piping, distortion of pipehangers/supports/restraints, fluid links, and distortionof structural steel.
V-11.1 Water Hammer

V-11.1.1 Water hammer includes any water or otherliquid transient event such as pressure surge or impactloading resulting from a sudden or momentary changein flow or flow direction.
V-11.1.2 Water hammer could be the result of an incor-rectly sloped pipe intended for steam condensate drain-age.Water hammer problems resulting fromaccumulatedcondensate in a steam line cannot be solved simply byadding restraints. Corrective actionmay include changing

2 Examplesof organizations thatmaybeauthorizedby theowner, orbythe local jurisdiction, to perform repairs on PRDs include, but are notlimited to, the original devicemanufacturer or a repair organization thatholds a National Board of Boiler and Pressure Vessel Inspectors (NB-23)VR stamp.
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line slopes, adding drain pots, adding warm-up linesaround valves, and checking for leaking desuperheaters,faulty electrical controls on automatic drains, etc.
V-11.1.3 Water hammer due to column separation infeedwater or booster pump suction piping results whenthe deaerator pegging pressure is not maintained. Thistype of water hammer can be particularly severe andrequires prompt attention to control and reduce it.
V-11.1.4 Asapriority, corrective action should addressthe causeofwaterhammer first. If such correctiveaction isineffective in reducing the effects of water hammer to ac-ceptable levels, installation of restraintsmay be necessaryto limit pipingdisplacements and/ordamage from fatigue.

V-11.2 Steam HammerDynamic loads due to rapid changes in flow conditionsand fluid state in a steam piping system are generallycalled steam hammer loads. Piping response to thesemomentary unbalanced loads can be significant inhigh-pressure steam systems, such as main steam, hotand cold reheat steam, bypass, and auxiliary steamsystems that are subject to rapid interruptionor establish-ment of full steam flow.
V-12ð20Þ DAMAGE MECHANISMSAs discussed in para. 145, creep is a material degrada-tion mechanism that must be considered when designingmany CPS; detailed information regarding creep damageisprovided inpara.V-13.However, otherdamagemechan-isms may also require consideration by the OperatingCompany so that appropriate monitoring, maintenance,or repairs can be performed, as necessary. Factors thatcan influence the potential for these mechanisms tooccur include operating conditions, operating history,system geometry, materials of construction, and stresslevels.
(a) If a specific damage mechanism other than creep isconsidered to be active or potentially active, programs orprocedures related to monitoring or evaluating such adamage mechanism shall be carried out by, or underthe direction of, persons qualified by training and experi-ence in the assessment of material damage in power plantpiping.
(b) Brief descriptions of some of the potential damagemechanisms that can affect CPS (including creep) areprovided in (1) through (16) below. Additional informa-tion on material degradation mechanisms is provided inASMEBPVC, Section II, PartD,NonmandatoryAppendixA;ASME BPVC, Section III, Nonmandatory Appendix W; andAPI 570.
(1) creep: as described in para. V-13, a stress-,temperature-, time-, and material-dependent plasticdeformation process that can eventually lead to crackinitiation and failure.

(2) fatigue: amechanism ofmicrostructural damage,crack initiation, and crack propagation caused by cyclicloading.
(3) creep/fatigue interaction: amechanism bywhichcreep damage and fatigue damage occur concomitantly,thereby increasing the propensity for crack formationand failure.
(4) corrosion fatigue: a mechanism that is normallyinitiated at the internal surface of water-wetted tubingand piping and results from cyclic loads (thermal ormechanical) repetitively cracking internal oxide layersand exposing new metal to fluid within the system.
(5) differential thermal expansion/contraction: amechanism in which high localized stresses can resultfrom joined materials or components with differentthermal expansion coefficients. A common location forresulting damage is along the fusion lines of dissimilarmetal welds (DMWs).
(6) thermal fatigue: a form of fatigue failure whereinthe driving force for crack initiation and propagation iscyclic thermal stresses, which are normally greatestnear attachment points or geometric features that actas stress risers.
(7) thermal degradation: a general mechanism bywhich exposure to excessive temperatures causes micro-structural changes and an undesirable change in materialproperties, including ductility and strength. Thismechanism can occur rapidly or over a very longperiod of time; the rate at which this mechanismoccurs is dependent on the temperature exposure(both magnitude and duration).
(8) thermal shock: a mechanism in which rapidlychanging thermal conditions induce deformation orcracking associatedwith high stresses caused by localizeddifferential thermal expansion.
(9) thermal ratcheting: a mechanism in which cyclicthermal loading causes an accumulation of plastic strainand associated geometry changes or material damage.
(10) erosion: a mechanical degradation mechanism,which includes the specific case of cavitation damage, inwhich wall loss occurs, either on a general basis or in alocalized region, due to wear by flowing fluid.
(11) flow-accelerated corrosion (FAC): a specificmechanism of damage in which wall loss occurs due toa breakdown of the protective internal oxide and subse-quent corrosionor oxidation of themetal; also called flow-assisted corrosion.
(12) graphitization: a long-term damagemechanismthat affects some carbon and low alloy steels through thetransformation of carbides into graphite particles orflakes, either in the basemetal or alongweld heat-affectedzones.
(13) corrosion: a broad category of degradation in-volving any of a wide range of specific mechanisms thatreduce wall thickness uniformly (general corrosion) or ina localized manner (localized corrosion, including pitting
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corrosion, crevice corrosion, and underdeposit corro-sion).
(14) stress corrosion cracking (SCC): a specificmechanism of corrosion involving a combination ofsusceptible material, a material-specific corrodant, andtensile stress, which results in crack initiation and propa-gation with virtually no wall loss.
(15) mechanical damage (gouges, dents, etc.): aphysical damage mechanism affecting component integ-rity by providing, e.g., stress concentrations, potentialcrack initiation sites, or possible altered flow conditions.
(16) deformation/overload: a physical damagemechanism affecting component integrity throughplastic deformation, which can result in, e.g., stress redis-tribution, wall thinning, or changes to flow conditions.

V-13 CREEP

V-13.1 General

V-13.1.1 For materials operating in the creep regime,accelerated creep damage, including rupture, can occurfrom prolonged operation at high stress levels. Further-more, creep damage can be accelerated throughprolonged exposure to temperatures or pressuresabove design values.Since creep damage is time dependent, the OperatingCompany should periodically select high-priority creepdamage areas for examination, based on the guidelinesprovided in para. V-13.2.
V-13.1.2 The effect of temperature on the time tofailure due to creep is illustrated in Figure V-13.1.2-1.As an example, based on 11∕4Cr–1∕2Mo and 21∕4Cr–1Momaterial creep rupture properties, this figure indicatesthe appropriate percentage change in the time tofailure for variations in the steady operating temperature.

Figure V-13.1.2-1 Effect of Various Steady Operating Temperatures on Time to Failure Due to Creep

GENERAL NOTES:(a) This Figure illustrates the significant effect of temperature variance on time to failure due to creep. The illustration should not be used forpiping life assessment, because other attributes and fluctuations are not considered.(b) The curve is based on 11∕4 Cr–1∕2Mo and 21∕4Cr–1Mo material creep rupture properties.
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For example, a component constantly operates at a spe-cific temperature, X, that is within the material creepregime. If the component continuously operates at 9°F(5°C) below X, the time to failure due to creep is increasedby about 45%. If the component continuously operates at9°F (5°C) above X, the time to failure is decreased by about30%.
V-13.1.3 The remaininguseful lifemaybe estimatedbydetermining the extent of current creep damage in thepipe and weldment materials and predicting futuredamage by considering the expected temperature andstress conditions for the service-degraded material.

V-13.2 Procedures

V-13.2.1 The Operating Company shall develop aprogram and procedures to determine the extent ofcreep damage. The procedures shall be carried out by,or under the direction of, persons qualified by trainingand experience in the evaluation of creep effects inpower plant piping. The NDE and evaluation proceduresmay include the following considerations:
(a) a review of prior NDE results to determine theextent of prior creep damage.
(b) liquid penetrant, magnetic particle, radiographic,or ultrasonic examination, and other NDE methodsapproved by the Operating Company to detect surfaceand internal cracks.
(c) diametral measurements to detect creep swelling.
(d) an examination of the microstructure to determinethe degree ofmaterial degradation. This can be performedby surface replication techniques, metallography usingspecimens obtained by boat-sampling or trepanning,and other methods approved by the Operating Company.
V-13.2.2 A procedure should be developed to selectpiping system areas more likely to have greater creepdamage. The procedure should include an evaluationprocess, which may include a review of
(a) material specifications
(b) operating stress levels
(c) previous walkdown results (considering notedanomalies)
(d) NDE results
(e) operatinghistory (including temperature,pressure,and severe transient events)
(f) cycles (for creep–fatigue interaction)
(g) maintenance history
(h) industry experienceThe procedure should establish a prioritized examina-tion schedule based on the evaluation process. Followingan examination, the evaluation process should be periodi-cally repeated to select subsequent sets of high-prioritycreep damage areas. The frequency of examination shallbe in accordance with para. V-13.5.

To evaluate the potential for accelerated creep damagein longitudinal seam welds, para. 102.4.7 may be used toprovide seam weld strength reduction factors.
V-13.3 RecordsRecords of creep damage survey findings and evalua-tions shall be maintained in accordance with paras. 140and 141.
V-13.4 Examination of Records

V-13.4.1 Records of creep damage surveys and testreports shall be examined by personnel qualified, bytraining and experience, to evaluate and interpret NDEand metallographic studies.
V-13.4.2 Where surveys and examinations of pipingsystems operating in the creep range indicate thatcreep damage has progressed to an unacceptable level(determined by the Operating Company), those portionsof the piping system shall be considered for more exten-sive evaluations or replacement.

V-13.5 Frequency of ExaminationThe frequency of examination, determined by the Oper-ating Company, should be based on previous evaluationresults and industry experience. Particular considerationshould be given to the selected high-priority weldments.
V-14 RERATING PIPING SYSTEMS

V-14.1 ConditionsAn existing piping system may be rerated for use at ahigher pressure and/or temperature if all of the followingconditions are met:
(a) A design analysis shall be performed to demon-strate that the piping system meets the requirementsof the Code at the new design conditions.
(b) The condition of the piping system and support/restraint scheme shall be determined by field inspectionsand the examination of maintenance records, manufac-turer’s certifications, and/or other available informationtoensureconformancewith theCoderequirements for thenew design conditions.
(c) Necessary repairs, replacements, or alterations tothe piping system are made to conform with the require-ments prescribed in (a) and (b).
(d) The systemhas been leak tested to a pressure equalto or greater than that required by the Code for a newpiping system at the new design conditions.
(e) The rate of pressure and temperature increase tothe highermaximum allowable operating conditions shallbe gradual so as to allow sufficient time for periodic obser-vations of the piping system movements and leak tight-ness.
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(f) Records of investigations, work performed, andpressure tests conducted in rerating the pipingsystems shall be preserved for the service life of thepiping systems.
(g) All safety valves, relief valves, and other pressure-relievingdevicesmustbeexamined, and recertified for thenewpressure–temperature design conditions. Capacity ofrelieving equipment shall be investigated if the designpressure and/or temperature is changed in rerating apiping system.

V-15 REPAIR OF PIPING SYSTEMS

V-15.1 Guidance for RepairsThe referenced standards/codes listed below may beused by the Operating Company to assist in the prepara-tion of repair procedures. This list is not intended to be all-inclusive, nor should it be considered an endorsement ofthe listed referenced standards. Jurisdictional require-ments may also apply and should be reviewed prior tomaking any repairs.
(a) ASME PCC-2, Repair of Pressure Equipment andPiping
(b) ANSI/NB-23, National Board Inspection Code —Part 3: Repairs and Alterations
(c) API 570, Piping Inspection Code: In-service Inspec-tion, Rating, Repair, and Alteration of Piping Systems
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NONMANDATORY APPENDIX VII
PROCEDURES FOR THE DESIGN OF RESTRAINED

UNDERGROUND PIPING

FOREWORDThe Code contains rules governing the design, fabrica-tion, materials, erection, and examination of power pipingsystems. Experience over the years has demonstrated thatthese rules may be conservatively applied to the designand analysis of buried piping systems.However, theASMEB31.1 rules were written for piping suspended in openspace, with the supports located at local points on thepipe. Buried piping, on the other hand, is supported,confined, and restrained continuously by the passiveeffects of the backfill and the trench bedding. Theeffects of continuous restraint cannot be easily evaluatedby the usual methods applied to exposed piping, sincethese methods cannot easily accommodate the effectsof bearing and friction at the pipe/soil interface. Accord-ingly, this Appendix has been prepared to illustrate andclarify the application of Code rules to restrained buriedpiping.All components in the buried piping system must begiven consideration, including the building penetrations,branches, bends, elbows, flanges, valves, grade penetra-tions, and tank attachments. It is assumed that welds aremade in accordance with this Code and that appropriatecorrosion protection procedures are followed for buriedpiping.This Appendix provides analytic and nomenclaturedefinition figures to assist the designer, and is notintended to provide actual design layout. Sample calcula-tions for various configurations of semirigid buried pipinghave been provided at the end of the text to assist thedesigner in the application of these procedures.
VII-1 SCOPE AND DEFINITIONS

VII-1.1 ScopeThe scope of this Appendix is confined to the design ofburied piping as defined in para. VII-1.2. Thermal expan-sion in buried piping affects the forces, the resultingbending moments and stresses throughout the buriedportions of the system, particularly at the anchors,building penetrations, buried elbows and bends, andbranch connections, and it is the designer’s responsibilityto consider these forces. This Appendix, however, deals

only with the buried portions of the system, and notthe complete system.The design and analysis of buried piping requires thatcareful attention be paid to
(a) all loads acting on the system
(b) the forces and the bending moments in the pipingand piping components resulting from the loads
(c) the loading and stress criteria
(d) general design practices

VII-1.2 Definitions

confining pressure: the pressure imposed by thecompacted backfill and overburden on a buried pipe.Confining pressure is assumed to act normal to thepipe circumference.
flexible coupling: a piping component that permits a smallamount of axial or angular movement while maintainingthe pressure boundary.
friction: the passive resistance of soil to axial movement.Friction at the pipe/soil interface is a function of confiningpressure and the coefficient of friction between the pipeand the backfill material. Friction forces exist only wherethere is actual or impending slippage between the pipeand soil.
influence length: theportionof a transversepipe run that isdeflected or “influenced” by pipe thermal expansion alongthe axis of the longitudinal run.
modulus of subgrade reaction: the rate of change of soilbearing stress with respect to compressive deformationof the soil. It is used to calculate the passive spring rate ofthe soil.
penetration: thepoint atwhichaburiedpipeenters thesoileither at grade or from a wall or discharge structure.
settlement: the changes in volume of soil under constantload that result in the downwardmovement, over a periodof time, of a structure or vessel resting on the soil.
virtual anchor: a point or region along the axis of a buriedpipe where there is no relative motion at the pipe/soilinterface.
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VII-1.3 Nomenclature
A = cross-sectional metal area of pipe, in.2
Ac = surface area of a 1-in. long pipe segment,in.2

a, b, c = quadratic equation functions
Bd = trench width at grade, in.
CD = soil bearing parameter from Table VII-3.2.3-1, dimensionless
Ck = horizontal stiffness factor for backfill(ref. [8]), dimensionless
D = pipe outside diameter, in.
dL = length of pipe element, in.
E = Young’s modulus for pipe, psi
f = unit friction force along pipe, lb/in.
Ff = total friction force along effective length, lb

Fmax = maximum axial force in pipe, lb
fmin, fmax = minimum, maximum unit friction force onpipe, lb/in.

H = pipe depth below grade, in.
I = pipe section moment of inertia, in.⁴
k = soil modulus of subgrade reaction, psi
kh = soil horizontal modulus of subgrade reac-tion, psi
ki,j = orthogonal soil springs on pipe, lb/in.
kv = soil vertical modulus of subgrade reaction,psi
L1 = length of transverse pipe run, in.
L2 = length of longitudinal pipe run, in.
L′ = effective slippage length for short pipes, in.
L″ = effective slippage length for long pipes, in.
Lm = minimum slippage length of pipe, in.
n = number of modeling elements for pipesprings, dimensionless

Nh = horizontal force factor (ref. [8]), dimen-sionless
P = maximum operating pressure in pipe, psi
Pc = confining pressure of backfill on pipe, psi
SA = allowable expansion stress range, psi
Sh = basicmaterial allowable stress atTdegreesFahrenheit, psi
SE = expansion stress, psi
T = maximum operating temperature, °F
t = pipe wall thickness, in.

To = ambient temperature of pipe, °F
w = soil density, lb/ft3, lb/in.3

Wp = unit weight of pipe and contents, lb/in.
α = coefficient of thermal expansion of pipe,in./in./°F
β = pipe/soil system characteristic (ref. [2]),in.−1
ε = pipe unit thermal expansion, in./in.
μ = coefficient of friction, dimensionlessΩ = effective length parameter, in.

VII-2 LOADS

VII-2.1 Thermal ExpansionThermal displacements at the elbows, branch connec-tions, and flanges in a buried piping system and the forcesand moments resulting from the displacements may bedetermined by analyzing each buried run of pipe usingthe method described in this Appendix.
VII-2.1.1 Installations With Continuous Runs. Forburied piping installations that contain continuousruns without flexible couplings, the passive restrainingeffects of soil bearing on the transverse legs at theends of long runs subject to thermal expansion may besignificant and result in high axial forces and elbow orbranch connection bending moments.
VII-2.1.2 Installations With Flexible Couplings. Forburied piping installations that incorporate flexiblecouplings into the pipe runs subject to thermal expansion,the bending moments and stresses may be substantiallyreduced. However, the flexible couplings must be chosencarefully to accommodate the thermal expansion in thepipe, and the friction forces or stiffness in the couplingmust be considered.
VII-2.1.3 Installations With Penetration Anchors. Forburied piping systems in which the building penetrationprovides complete restraint to the pipe, it is necessary tocalculate the penetration reactions to thermal expansionin the initial buried run. If this run incorporates flexiblecouplings, piping reactions at the penetration resultingfrom unbalanced forces due to internal pressure mustbe considered.
VII-2.1.4 Installations With Flexible Penetrations.For buried piping systems in which the building penetra-tions permit some axial or angular movements, the inter-actionbetween theburied runoutside thepenetrationandthe point-supported portion of the system inside thebuilding must be considered.

VII-2.2 PressurePressure loads in buried piping are important for twoprimary reasons.
VII-2.2.1 In pipe runs that incorporate flexiblecouplings, there is no structural tie between thecoupled ends, with the result that internal pressureloads must be reacted externally. External restraintmay be provided by thrust blocks, external anchors,soil resistance to elbows or fittings at each end of thepipe run, or control rods across the coupling. Whereone or both of the ends terminate at a penetration oran anchor, or at connected equipment such as a pumpor vessel, the pressure forces can be quite high andmust be considered in the anchor or equipment design.
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VII-2.2.2 For discharge structures, the reaction forcesdue toupstreampressureandmass flowmomentumin thedischarge leg may be high and must be considered in thedesign of the last elbow or bend before the discharge.
VII-2.3 EarthquakeAn earthquake subjects buried piping to axial loads andbendingmoments fromsoil straindue to seismicwaves, orfrom ground faulting across the axis of the pipe. Theseismic soil strain can be estimated for a design earth-quake in a specific geographical region, from whichdesign values for forces and moments in buried pipingcan be calculated. However, consideration of the magni-tude and effects of seismic ground faulting on buriedpiping is beyond the scope of this Appendix.
VII-3 CALCULATIONSThe calculations for stresses in restrained undergroundpiping are carried out in four steps, as follows.
VII-3.1 Assembling the DataThe pipe material and dimensions, soil characteristics,and operating conditions must be established.

VII-3.1.1 Pipe Data

(a) pipe outside diameter, D, in.
(b) wall thickness, t, in.
(c) length of pipe runs, L1 (transverse) and L2 (longi-tudinal), in.
(d) Young’s modulus, E , psi (from MandatoryAppendix C)
(e) pipe depth below grade, H, in.
VII-3.1.2 Soil Characteristics

(a) soil density, w, lb/ft3 (from site tests)
(b) type of backfill
(c) pipe trench width at grade, Bd, in.
(d) range of coefficient of friction, μ, between pipe andbackfill
VII-3.1.3 Operating Conditions

(a) maximum operating pressure, P, psi
(b) maximum pipe temperature, T, °F
(c) ambient pipe temperature, To, °F
(d) pipe coefficient of thermal expansion, α, in./in./°F

VII-3.2 Calculations of Intermediate ParametersThe parameters specified in paras. VII-3.2.1 throughVII-3.2.6 must be calculated.
VII-3.2.1 Maximum Relative Strain, ε, at the Pipe/Soil

Interface, in./in. For thermal expansion, this is the unitthermal elongation of the unrestrained pipe

= T T( )o (1)where
T − To = difference between operating and installa-tion temperatures

α = coefficient of thermal expansion
VII-3.2.2 Modulus of Subgrade Reaction,k, psi.This isa factor that defines the resistance of the soil or backfill topipe movement due to the bearing pressure at the pipe/soil interface. Several methods for calculating k have beendeveloped by Audibert and Nyman (ref. [7]), Trautmannand O’Rourke (ref. [8]), and others ([refs. [4], [5], [6]). Forexample (ref. [8]), for pipe movement horizontally, themodulus of subgrade, kh, may be found by

=k C N wD, psih k h
(2)where

Ck = a dimensionless factor for estimating horizontalstiffness of compacted backfill. Ck may be esti-mated at 20 for loose soil, 30 for medium soil,and 80 for dense or compacted soil.
D = pipe outside diameter, in.
Nh = a dimensionless horizontal force factor fromFigure 8 of ref. [8]. For a typical value wherethe soil internal friction angle is 30 deg, thecurve from ref. [8] may be approximated by astraight line defined by

Nh = 0.285H/D + 4.3where
H = the depth of pipe below grade at the pipecenterline, in.

w = soil density, lb/in.3For pipe movement upward or downward, the proce-dures recommended in ref. [4] may be applied. Conserva-tively, the resistance to upward movement may beconsidered the same as for horizontal movement withadditional consideration for the weight of the soil. Resis-tance to downward movement may conservatively beconsidered as rigid for most expansion stress analysis.
VII-3.2.3 Unit Friction Force at the Pipe/Soil Inter-

face, f

= +f PA W( ), lb/in.c c p (3)where
Ac = surface area of a pipe segment, in.2
Pc = confining pressure of soil on pipe, psi
Wp = unit weight of pipe and contents, lb/in.
μ = coefficient of friction between pipe and soilFor piping that is buried within 3 pipe diameters of thesurface, confining pressure, Pc, may be estimated by
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=P wH , lb/in.c
2where

H = the depth below grade, in.
w = the soil density, lb/in.3For piping that is buried more than 3 pipe diametersbelow grade, confining pressure, Pc, is found by using themodified Marston equation (ref. [9]).

=P wC B , lb/in.c D D
2where

BD = the trench width, with a maximum value of 24 in.plus the pipe diameter
CD = a dimensionless parameter obtained fromTable VII-3.2.3-1

VII-3.2.4 Pipe/Soil System Characteristic (ref. [2])

= [ ]k EI/(4 ) , in.1/4 1 (4)where
E = Young’s modulus for pipe, psi
I = area moment of inertia for pipe, in.⁴
k = soil modulus of subgrade reaction kh or kv, psi
VII-3.2.5 Minimum Slippage Length, Lm (ref. [1])

=L AE f/ , in.m
(5)where

A = pipe cross section area
VII-3.2.6 Maximum Axial Force, Fmax, in the Longitu-

dinal Pipe Run. The maximum axial force in a pipe longenough for friction force to develop to the point where aregionof thepipe is totally restrained longitudinallyby thesoil is found by
= =F fL AE , lbmmax

(6)
VII-3.3 Classification of the Pipe Runs

VII-3.3.1 Purpose. The classification and subclassifica-tion of the buried pipe elements are used in choosing theproper equation for effective slippage length, L′ or L″,which is then used in calculating piping forces andstresses. The pipe segment identified by the dimension
L′ or L″ always begins at an elbow, bend, tee, orbranch connection and terminates at the point (describedbelowas the “virtual anchor”) atwhich there isno slippageor relative movement at the pipe/soil interface.

VII-3.3.2 Classification of the Pipe Elements. It is inthe bends, elbows, and branch connections that thehighest stresses are found in buried piping subject tothermal expansion of the pipe. These stresses are dueto the soil forces that bear against the transverse run(the run running perpendicular or at some angle to thedirection of the pipe expansion). The stresses are propor-tional to the amount of soil deformation at the elbow orbranch connection.Piping elements are divided into threemajor categoriesdepending on what type of transverse element is beinganalyzed, as follows:
Category A: elbow or bend (see Figure VII-3.3.2-1)
Category B: branch pipe joining the longitudinal run (seeFigure VII-3.3.2-2)
Category C: longitudinal run ending in a tee (seeFigure VII-3.3.2-3)
CategoryD: straight pipe, no branchor transverse run (seeFigure VII-3.3.2-4)

Table VII-3.2.3-1 Approximate Safe Working Values ofCD
for Use in Modified Marston Formula

Ratio
H/BD

Damp Top
Soil and
Dry and
Wet Sand

Saturated
Top Soil

Damp
Yellow
Clay

Saturated
Yellow
Clay0.5 0.46 0.47 0.47 0.481.0 0.85 0.86 0.88 0.901.5 1.18 1.21 1.25 1.272.0 1.47 1.51 1.56 1.622.5 1.70 1.77 1.83 1.91

3.0 1.90 1.99 2.08 2.193.5 2.08 2.18 2.28 2.434.0 2.22 2.35 2.47 2.654.5 2.34 2.49 2.53 2.855.0 2.45 2.61 2.19 3.025.5 2.54 2.72 2.90 3.186.0 2.61 2.91 3.01 3.32
6.5 2.68 2.89 3.11 3.447.0 2.73 2.95 3.19 3.557.5 2.78 3.01 3.27 3.658.0 2.82 3.06 3.33 3.749.0 2.88 3.14 3.44 3.8910.0 2.92 3.20 3.52 4.01

11.0 2.95 3.25 3.59 4.1112.0 2.97 3.28 3.63 4.1913.0 2.99 3.31 3.67 4.2514.0 3.00 3.33 3.70 4.3015.0 3.01 3.34 3.72 4.34∞ 3.03 3.38 3.79 4.50
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Categories A, B, and C are further divided into threesubcategories depending on the configuration of thepipe run at the end opposite that being analyzed. Thepiping elements are classified as follows:
A1, B1, C1: other end free or terminating in a flexiblecoupling or joint
A2, B2, C2: other end contains an elbow or tee
A3, B3, C3: other end is anchoredCategory D elements include straight runs between ananchor (either actual or virtual) and a free end or a pipesection that is connected to an expansion joint.The elements are further broken down into subtypesdepending on whether the longitudinal run (the pipeor P leg) and the transverse run (called the T leg) arelong or short with respect to certain criteria. The trans-verse or T leg is the run against which the soil bears,producing an in-plane bending moment in elbow,branch, or tee. (Category D elements have no transverseleg.)The strict criterion for a long or short transverse leg iswhether the length of the transverse run, L1, is longer orshorter than 3π/4β, the length at which the hyperbolicfunctions in Hetenyi’s equations (ref. [2]) approachunity. Thecritical value forL1 is oftencalled the “influence”length, or that portion of the transverse or T run that isdeflected or “influenced” by seismic soil strain or pipethermal expansion along the axis of the longitudinal orP run. In practice, a critical influence length, L1, of 1/βto 1.2/βmay often be used, since there is very little defor-mation or load in that portion of the transverse run thatexceeds this length. This implies that the vast majority ofthe bearing load on the transverse or T leg occurs in thefirst several feet of the pipe at the bend or branch. Insummary, a transverse pipe is “long” if

L 3 /4 (conservative)1or
L 1/ to 1.2/ (usually acceptable)1The criterion for a short or long P leg is whether itslength, L2 , is sufficiently long to experience themaximum force that can develop at the friction interface.For full maximum friction force (Fmax = εAE) to occur in astraight pipe axially free at each end, its length, L2, wouldhave to equal or exceed2LmwithLm calculatedbyeq. (5). Ifone end terminates in an elbowor a tee,with theother endremaining axially unrestrained, the total length, L2, nec-essary for full friction to develop is L″ + Lm; the frictionforce over Lm is equal to the soil bearing force, S, plus thefriction force acting on the length, L′ or L″, which is calledthe effective slippage length. The effective slippage lengthis the maximum length along which slippage occurs at thepipe/soil interface of a pipe with a transverse leg or

Figure VII-3.3.2-1 Element Category A, Elbow or Bend

Figure VII-3.3.2-2 Element Category B, Branch Pipe
Joining the P Leg

Figure VII-3.3.2-3 Element Category C, Tee on End of P
Leg

Figure VII-3.3.2-4 Element Category D, Straight Pipe

NOTE: (1) Expansion joint pressure load plus sliding or convolutionloads.
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branch. The effective slippage length, L″, for long pipeswith long transverse legs is calculated by
= +
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L F f(1 2 / ) 1 , in.max
1/2 (7)

whereΩ = AEβ/kand Fmax is calculated by eq. (6).Equation (7) applies to bends, tees, and branches.Although eq. (7) was developed for the case where L2= L″ + Lm, it applies also for any case where L2 > L″ +
Lm, since the length of the region where there is zero slip-page at the friction interface is immaterial (ref. [1]). Using
L″ as calculated by eq. (7), it can now be established that aP leg is classified as long if it meets the following criteria:
(a) for Types A1, B1, and C1, L2 ≥ Lm + L″
(b) for Types A2, B2, and C2, L2 ≥ 2L″
(c) for Types A3, B3, C3, and D, L2 ≥ L″The point located a distance L′ or L″ from the bend,branch, or tee is called the virtual anchor, since it actsas if it were a three-axis restraint on the pipe.
VII-3.3.3 Locating the Virtual Anchor. Calculation ofthe forces and moments in buried piping at changes indirection requires that the location of the virtualanchor (the effective slippage length, L′, away from thebend or branch element) in the P run and deformation,δ, of the soil at the buried element be established. Forelements of all typeswith long P legs, L″may be calculatedby eq. (7).ForTypesA1,B1, andC1elements (withoneendof thePleg freeorunrestrainedaxially)with “short” P legs,L′mustbe found by a less direct method as follows (ref. [1]):
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( )L b b ac a4 /2 , in.2 1/2 (8)
where

a = 3f/(2AE)
b = ϵ − fL2/(AE) + 2fβ/k
c = −fβL2/kHowever, the most highly stressed runs in a buriedpiping system typically are restrained at both ends, byeither a combination of transverse runs or a transverseand an anchor (either real or virtual).ForTypesA2,B2, andC2elementswith short P legs,L′ isexpressed by

=L L /2, in.2
(9)ForTypesA3,B3,C3, andDelementswith shortP legs,L′is expressed by

=L L , in.2
(10)

VII-4 COMPUTER MODELING OF BURIED PIPING

VII-4.1 Determination of StressesWith f,k, andL′ orL″ established, the stresses in aburiedpipe due to thermal expansion can be determined with ageneral-purpose pipe stress computer program. A buriedpiping systemcanbemodeledwith a typicalmainframeormicrocomputer pipe stress program by breaking theburied portions into elements of convenient length andthen imposing a transverse spring at the center ofeach element to simulate the passive resistance of thesoil. The entire pipe can be divided into spring-restrainedelements in this manner; however, the only regions of thepipe that really need to bemodeled in this manner are thelengths entering and leaving elbows or tees. The analystshould refer to the program users’ manual for guidance inmodeling soil springs.All pipe stress computer programs with buried pipinganalysis options require that the following factors becalculated or estimated:
(a) location of the virtual anchor (dimension L′ or L″)
(b) soil spring rate, ki,j, which is a function of themodulus of subgrade reaction, k
(c) influence length, also a function of kSomeprograms ignore the frictionat thepipe/soil inter-face; this is conservative for calculating bending stresseson the buried elbows and branch connections but may beunconservative for calculating anchor reactions.

VII-4.2 Determination of Element LengthsThe element lengths and transverse soil spring rates foreach element are calculated by the following procedure.
VII-4.2.1 Establish the element length, dL, and thenumber n of elements, as follows:
(a) Set the element length to be equal to between 2 and3pipe diameters. For example, dL for aNPS6maybe set ateither 1 ft or 2 ft, whichever is more convenient for theanalyst.
(b) Establish the number of elements, n, by

=n dL(3 /4 )/ (11)This gives the number of elements, each being dL inches inlength, to which springs are to be applied in the computermodel. Thenumber of elements,n, is always roundedup toan integer.
VII-4.2.2 Calculate the lateral spring rate, ki,j, to beapplied at the center of each element.

=k kdL , lb/in.i j, (12)where
k = the modulus of subgrade reaction calculated fromeq. (2).

ASME B31.1-2020

352



VII-4.2.3 Calculate the equivalent axial load necessaryto simulate friction resistance to expansion. The frictionresistance at the pipe/soil interface can be simulated inthe computer model by imposing a single force Ff in adirection opposite that of the thermal growth.
=F fL fL/2 or /2, lbf (13)

VII-4.2.4 Incorporate the springs and the friction forcein the model. The mutually orthogonal springs ki,j areapplied to the center of each element, perpendicular tothe pipe axis. Shorter elements, with proportionallysmaller values for the springs on these elements, maybe necessary to model the soil restraint at elbows andbends. The friction force, Ff, for each expanding leg isimposed at or near the elbow tangent node, oppositeto the direction of expansion.
VII-4.3 Determination of Soil ParametersSoil parameters are difficult to establish accurately dueto variations in backfill materials and degree of compac-tion. Consequently, values for elemental spring constantson buried pipe runs can only be considered as rationalapproximations. Stiffer springs can result in higherelbow stresses and lower bending stresses at nearbyanchors, while softer springs can have the oppositeeffects. Backfill is not elastic; testing has shown thatsoil is stiffest for very small pipe movements, butbecomes less stiff as the pipe movements increase. Refer-ences [4], [7], and [8]discuss soil stiffnessand recommendprocedures for estimating values for k that are consistentwith the type of soil and the amount of pipe movementexpected. The analyst should consult the project geotech-nical engineer forassistance in resolvinganyuncertaintiesin establishing soils parameters, such as the modulus ofsubgrade reaction, k; confining pressure, pc; and coeffi-cient of friction, μ.
VII-4.4 Pipe With Expansion JointsAn expansion joint must be considered as a relativelyfree end in calculating stresses onburied elbowsand loadson anchors. Since incorporation of expansion joints orflexible couplings introduces a structural discontinuityin the pipe, the effects of the unbalanced pressure loadand the axial joint friction or stiffness must be superim-posed on the thermal expansion effects to determine themaximum pipe stresses and anchor loads.
VII-4.5 Pipe Stresses at Building PenetrationsStresses at building penetrations can be calculatedeasily after the reactions due to thermal expansion intheburiedpipinghavebeendetermined. If thepenetrationis ananchor, then the stressdue to theaxial force,Fmax, andthe lateral bending moment, M, can be found by

= +S F A M Z/ / , psiE max
(14)

If the penetration is not an anchor, but is instead asimple support with a flexible water seal, it is necessarytodetermine the stiffness effects of thewater sealmaterialto calculate the stress in thepipe at thepenetration.Differ-ential movement due to building or trench settlement cangenerate high theoretical stresses at piping penetrationsto buildings. Calculation of such stresses is beyond thescope of this Appendix.
VII-5 ALLOWABLE STRESS IN BURIED PIPEBuried piping under axial stress can theoretically fail inone of two ways — either by column buckling (pipe popsout of the ground atmid-span) or local failure by cripplingor tensile failure (much more serious than column buck-ling). Since buried piping stresses are secondary in nature,and since the piping is continuously supported andrestrained (see Figure VII-5-1), higher total stressesmay be permitted as follows:

+S S SC A h
(15)where SA and Sh are as defined in para. 102.3.2.

VII-6 EXAMPLE CALCULATIONS

VII-6.1 Assemble the Data

VII-6.1.1 Pipe Data

(a) diameter, D = 12.75 in.
(b) wall thickness = 0.375 in.
(c) length of runs
(1) Run 1: L1 = 100 ft, L2 = 400 ft
(2) Run 2: L1 = 20 ft, L2 = 100 ft
(3) Run 3: L1 = 100 ft, L2 = 20 ft

(d) Young’s modulus, E = 27.9 × 106 psi
(e) moment of inertia, I = 279.3 in.4
(f) cross section metal area, A = 14.57 in.2
VII-6.1.2 Soil Characteristics

(a) soil density, w = 130 lb/ft3
(b) pipe depth below grade, H = 12 ft (144 in.)
(c) type of backfill: dense sand
(d) trench width, Bd = 3 ft (36 in.)

Figure VII-5-1 Plan of Example Buried Pipe
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(e) coefficient of friction, μ = 0.3 minimum to 0.5maximum (estimated)
(f) horizontal soil stiffness factor, Ck = 80
VII-6.1.3 Operating Conditions

(a) pressure, P = 100 psig
(b) temperature = 140°F
(c) ambient temperature = 70°F

VII-6.2 Calculate the Intermediate Parameters

VII-6.2.1 Relative Strain at the Pipe/Soil Interface.Thermal expansion for ASME SA-106 Grade B carbonsteel pipe from 70°F to 140°F is 0.0053 in./ft. Therefore,
=

=

(0.0053 in./ft)/(12 in./ft)

0.000424 in./in.

VII-6.2.2 Modulus of Subgrade Reaction, k (ref. [8]).Since the expansion is in the horizontal plane, use kh fromeq. (2).
=k C N Dh k h

=C 80k

= +

= +

=

N H D0.285 / 4.3

0.285(12 ft)(12 in./ft )/ 12.75 in. 4.3

7.519

h

=

=

( ) ( )130 lb/ft / 1,728 in. /ft

0.0752 lb/in.

3 3 3

3

=D 12.75 in.

= =( )( )( )( )k 80 7.519 0.0752 12.75 577 lb/in.h
2

VII-6.2.3 Friction Forces per Unit Length Acting at the
Pipe/Soil Interface

= +( )f PA Wc c pSince the pipe lies more than 3 diameters below grade,the modified Marston equation from ref. [1] is used todetermine the confining pressure Pc of soil on the pipe.
=P wC Bc D d

= =

=

C H B2.22 for / 12 ft/3 ft

4 (see Table VII-3.2.3-1 for sand)
D d

=

=

( )( )( ) ( )P 130 lb/ft 2.22 3 ft / 144 in. /ft

6.01 psi

c
3 2 2

= =

=

A D(1 in.) (12.75 in.)(1 in.)

40.05 in. /in. of length

c

2

=W 8.21 lb/in. for water-filled carbon steel pipepMaximum value of friction force per unit length, fmax
= +

=

Ä

Ç

Å
Å
Å
Å
ÅÅ

É

Ö

Ñ
Ñ
Ñ
Ñ
ÑÑ

( )( )f 0.5 6.01 psi 40.05 in. /in. 8.21 lb/in.

124.5 lb/in.

max
2

Minimum value of friction force per unit length, fmin
= [ + ]

=

f 0.3 (6.01)(40.05) 8.21

74.7 lb/in.
min

VII-6.2.4 Pipe/Soil System Characteristic, β (ref. [2])

= [ ]

= ×

=

Ä

Ç

Å
Å
Å
Å
Å
ÅÅ

É

Ö

Ñ
Ñ
Ñ
Ñ
Ñ
ÑÑ

( )( )

k EI/(4 )

577 psi/4 27.9 10 psi 279.3 in.

0.01166 in.

h
1/4

6 4
1/4

1

VII-6.2.5 Minimum Slippage Length, Lm

=

= ×

=

( )( )(
L AE f/

0.000424 in./in. 14.57 in. 27.9 10 psi)

/74.7 lb/in.
2,307 in. or 192 ft 4 in.

m min
2 6

VII-6.2.6 Maximum Axial Force, Fmax, Corresponding
to Lm

= = ×

=

( ) ( )F AE 0.000424 (14.57) 27.9 10

172,357 lb

max
6

VII-6.3 Classification of RunsClassify the pipe runs in accordance with the modelsgiven inTableVII-6.3-1andcalculate theeffective slippagelength, L′ or L′′, for each run.
VII-6.3.1 Run1 is a Category A1 (elbowon one end, theotherend free). Check to see if the transverse leg,L1, is longor short.

=L 1,200 in.1
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=( )( )3 / 4 0.01166 in. 202 in.1

Since 1,200 in. > 202 in., L1 is long. Check to see if thelongitudinal leg, L2, is long or short, that is, longer orshorter than Lm + L′′. Using eq. (7) to calculate L′′,
= +

Ä

Ç

Å
Å
Å
Å
Å
Å

É

Ö

Ñ
Ñ
Ñ
Ñ
Ñ
Ñ

L F f(1 2 / ) 1max min
1/2

= = ×

× =

( )( )
( )

AE k/ 14.57 in. 27.9 10 psi

0.01166 in. /577 psi 8,214 in.

2 6

1

{ }= [ + × × ]

=

L 8,214 1 2 172,357/(74.7 8,214) 1

2,051 in.

1/2

+ = + =L L 2,307 2,051 4,358 in.m

L2=400 ft or4,800 in. andsince4,800>4,358, thepipe runlength L2 is long, and Run 1 can be fully classified as Cate-gory A1 (long transverse, long pipe).NOTE: If Lm + L′′ would have exceeded L2, then L′ would be recal-culated using eq. (8), the correct equation for a short pipe.
VII-6.3.2 Run 2 is a Category A2 (elbow on each end).Check to see if the legs L1 and L2 are long or short.

Since L1 > 3π/4β (240 in. > 202 in.) and L2 < 2L′′ [1,200in. < 2(2,051 in.)], then Run 2 can be fully classified as aCategory A2 (long transverse, short pipe). Then
= = =L L /2 (1,200 in.)/2 600 in.2

VII-6.3.3 Run 3 is a Category A3 (anchor on one end,elbow on the other). Check to see if the legs L1 and L2 arelong or short.Since L1>3π/4β (1,200 in. > 202 in.) andL2<L′′ (240 in.< 2,051 in.), thenRun3 can be fully classified as a CategoryA3 (long transverse, short pipe). Then
= =L L 240 in.2NOTE: To fully qualify a buried piping system, it may also benecessary to include stresses due toweight of overburden (back-fill) and vehicular loads (refs. [5], [6]).

VII-6.4 Computer ModelingCalculate the soil springs and friction force for use in acomputer model of the buried pipe.
VII-6.4.1 Element Length. Set the element length to be≈ 3 pipe diameters. dL = 36 in.
VII-6.4.2 Number of Elements. Only the soil within alength 3π/4β from the elbow will be subject to bearingforce from the pipe. For the example system, 3π/4β =202 in. Therefore, the number of elements needed isfound by

=

= =

n dL(3 /4 )/

202/36 5.61Therefore, use six elements, each 36 in. long.

Table VII-6.3-1 Equations for Calculating Effective Length L′ or L″

Element
Category

Equations for L′ or L″
Short P Leg L′ Long P Leg L″A1, B1, C1 If L2 < Lm + L″, If L2 ≥ Lm + L″,

L′ = [−b + (b2− 4ac)1/2]/2a (8) L″ = Ω[(1 + 2Fmax/fminΩ)1/2 − 1] (7)where
a = 3f/(2AE)
b = ε − fL2/(AE) + 2fβ/k
c = −fβL2/k

A2, B2, C2 If L2 < 2L″, If L2 ≥ 2L″,
L′ = L2/2 (9) L″ = Ω[(1 + 2Fmax/fminΩ)1/2 − 1] (7)

A3, B3, C3 If L2 < L″, If L2 ≥ L″,
L′ = L2 (10) L″ = Ω[(1 + 2Fmax/fminΩ)1/2 − 1] (7)

D If L2 < Lm, If L2 ≥ Lm,
L′ = L2 (10) L″ = Lm = εAE/f (5)

ASME B31.1-2020

355



VII-6.4.3 Spring Rate,ki.j.The spring rate tobeappliedto each element is found by
=k kdLi j,where k is from eq. (2)

= =k (577 psi)(36 in.) 20,772 lb/in.i j,This is the theoretical spring rate to be imposed at thecenter of each element and normal to the surface of thepipe, with ki in the plane of the expansion, and kj perpen-dicular to the plane of expansion.
VII-6.4.4 Friction Force, Ff. The friction forces to beapplied at the elbow tangent points in Runs 1 and 2are calculated as follows:Parallel to Run 1,

=F fL /2fwhere
f = fmin = 74.7 lb/in.

L″ = 2,051 in.
=

=

F (74.7 lb/in.)(2,051 in.)/2

76,605 lb

f

Parallel to Run 2,
=

=

F (74.7 lb/in.)(600 in.)/2

22,410 lb

f

The friction force to be applied at the elbow tangentpoint in Run 3 is calculated as follows:Parallel to Run 3,
=

=

F (74.7 lb/in.)(240 in.)/2

8,964 lb

f

The computer model then appears as is shown inFigure VII-6.4.4-1.
VII-6.5 Results of AnalysisCompute r ana l y s i s o f the mode l shown inFigure VII-6.4.4-1 gives combined stress, SC, at variouslocations in the buried pipe as follows:

Location SC, psiVirtual anchor 7,036Elbow A 26,865Elbow B 9,818Penetration anchor 2,200
NOTE: SC for this example includes longitudinal pressure stress,intensified bending stresses, and direct stresses due to axialloads from friction and soil bearing loads. It does not includeweight of backfill or live loads.

Theallowable stress as givenbyeq. (15) is SA+ Sh, whichfor ASME SA-106 Grade B steel pipe is 22,500 psi + 15,000psi = 37,500 psi. Therefore, since the maximum SC of26,865 psi < 37,500 psi, the Code conditions are met.
VII-6.6 Anchor Load ExampleIf Element 1 is simply a straight pipe anchored at oneend with the other end terminating in an expansion joint(see Figure VII-6.6-1), the load on the anchor is found asfollows:
(a) Calculate the maximum friction force acting alongthe friction interface.

= =F F AEf max

= = × =( )F AE (0.000424)(14.57) 27.9 10 172,357 lbmax
6

(b) Calculate the load, S, at the expansion joint.
= +S F Sj pwhere

Fj = expansion joint friction force
x = 9,000 lb (from vendor data)
Sp = pressure force
x = PAswhere

P = design pressure
x = 100 psig
As = effective cross-sectional area
x = πD2/4
x = π (12.752)/4
x = 127.6 in.2

x = (100)(127.6) = 12,760 lb
= + =S 9,000 12,760 21,760 lb

(c) The total axial load, Fa, at the anchor then becomes
= + =F 172,357 21,760 194,117 lbaIf anchor loadsmust be limited, then the expansion jointshould be located closer to the anchor to reduce the forcedue to friction at the pipe/soil interface.
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ASME B31.1-2020

356
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Oil andGasPiping Systems,CommitteeonGasandLiquidFuel Lifelines of the ASCE Technical Council on LifelineEarthquake Engineering, 1984[5] Young, O. C., and Trott, J. J., Buried Rigid Pipes, ElsevierApplied Science Publishers, 1984
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Figure VII-6.4.4-1 Computer Model of Example Pipe

Figure VII-6.6-1 Example Plan of Element 1
as a Category D Element
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NONMANDATORY APPENDIX VIII
GUIDELINES FOR DETERMINING IF LOW-TEMPERATURE

SERVICE REQUIREMENTS APPLY

ASME B31T, Standard Toughness Requirements forPiping, establishes a “low-temperature service limit.” Ifthe design minimum temperature is equal to orwarmer than the low-temperature service limit, thenlow-temperature service requirements do not apply.Table VIII-1 summarizes this limit for each material T-number group. Table VIII-2 provides the T-numbergroup for materials listed in ASME B31T.This Appendix extracts only part of the requirements ofASME B31T and focuses on services that are exempt fromadditional requirements. To determine if a material and

servicehaveadditional requirements, lookup thematerialin Table VIII-2 and determine the T-number group, andthen look up that T-number group (and thickness if ap-plicable) in Table VIII-1 and determine the low-tempera-ture service limit. If the design minimum temperature isequal toorwarmer than the low-temperature service limitfrom Table VIII-1, then ASME B31T would not invoke anyadditional requirements. If the designminimum tempera-ture is colder than the low-temperature service limit fromTable VIII-1, then ASME B31T may invoke additional re-quirements and require further evaluation.
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Table VIII-1 Low-Temperature Service Requirements by Material Group

T-Number Group
Nominal

Thickness, in.
Low-Temperature
Service Limit, °F

Nominal
Thickness, mm

Low-Temperature
Service Limit, °C

Carbon SteelsCS −55 … −20 … −29CS −50 … −20 … −29CS −20 … −20 … −29CS −20(A) … −20 … −29CS 0 … 0 … −18CS +20(A) … 20 … −7
CS A ≤0.394 20 ≤10.0 −7≤0.4375 25 ≤11.1 −4≤0.5 30 ≤12.7 −1≤0.6 40 ≤15.2 4≤0.7 50 ≤17.7 10≤0.85 60 ≤21.6 16≤1.03 70 ≤26.2 21≤1.25 80 ≤31.1 27≤1.5625 90 ≤39.7 32≤2.0325 100 ≤51.6 38≤3 110 ≤76.2 43≤3.6875 115 ≤93.7 46>3.6875 120 >93.7 49
CS B ≤0.394 −20 ≤10.0 −29≤0.47 −10 ≤11.9 −23≤0.57 0 ≤14.5 −18≤0.68 10 ≤17.3 −12≤0.83 20 ≤21.1 −7≤0.98 30 ≤24.9 −1≤1.19 40 ≤30.2 4≤1.47 50 ≤37.3 10≤1.85 60 ≤47.0 16≤2.4385 70 ≤61.9 21≤3.25 80 ≤82.6 27≤4.00 90 ≤101.6 32>4.00 120 >101.6 49
CS C ≤0.65 −20 ≤16.5 −29≤0.85 −10 ≤21.6 −23≤1.08 0 ≤27.4 −18≤1.38 10 ≤35.1 −12≤1.75 20 ≤44.5 −7≤2.25 30 ≤57.2 −1≤2.94 40 ≤74.7 4≤3.75 50 ≤95.3 10≤4.00 52 ≤101.6 11>4.00 120 >101.6 49
CS D ≤1.3 −20 ≤33.0 −29≤1.6875 −10 ≤42.9 −23
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Table VIII-1 Low-Temperature Service Requirements by Material Group (Cont’d)

T-Number Group
Nominal

Thickness, in.
Low-Temperature
Service Limit, °F

Nominal
Thickness, mm

Low-Temperature
Service Limit, °C

Carbon Steels (Cont’d)≤2.25 0 ≤57.2 −18≤2.9375 10 ≤74.6 −12≤3.75 20 ≤95.3 −7≤4.00 23 ≤101.6 −5>4.00 120 >101.6 49
Low Alloy SteelsLA −320 … −20 … −29LA −275 … −20 … −29LA −150 … −20 … −29LA −100 … −20 … −29LA −75 … −20 … −29LA −55 … −20 … −29LA −40 … −20 … −29LA −20 … −20 … −29LA 0 … 0 … −18LA +20 … 20 … −7
Stainless SteelsSS −425 … −20 … −29SS −325 … −20 … −29SS −60 … −20 … −29SS −20 … −20 … −29
Nickel AlloysNI −325 … −325 … −198
Cast IronsCI −20 … −20 … −29CI −20(A) … −20 … −29
Copper AlloysCU −452 … −452 … −269CU −325 … −325 … −198
Aluminum AlloysAL −452 … −452 … −269
Titanium and Titanium AlloysTI −75 … −75 … −59
Zirconium and Zirconium AlloysZI −75 … −75 … −59
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Table VIII-2 ð20ÞMaterial Groupings by Material Specification

Spec.
No. Type/Grade/Class/Condition/Temper/UNS No.

T-Number
Group Material Type

Product
Form NotesA36 … CS A Carbon steels PL …A47 Grade 32510 CI −20(A) Cast irons C …A48 Grade 20, 25, 30, 35, 40, 45, 50, 55, 60 CI −20 Cast irons C …A53 Grade A (Type F) CS +20(A) Carbon steels P …Grade A (except Type F), B CS B Carbon steels P …

A105 … CS −20 Carbon steels FI & FO …A106 Grade A, B, C CS B Carbon steels P …A126 Class A, B, C CI −20 Cast irons C …
A134 Grade A283 Gr. A, A283 Gr. B CS B Carbon steels P …Grade A283 Gr. C, D CS A Carbon steels P …Grade A285 Gr. A, A285 Gr. B CS B Carbon steels P …Grade A285 Gr. C CS A Carbon steels P …Grade A36 CS A Carbon steels P …Grade A570 Gr. 30, 33, 36, 40, 45, 50 CS A Carbon steels P …
A135 Grade A, B CS B Carbon steels P …A139 Grade A, B, C, D, E CS A Carbon steels P …A167 Type 347, 348 SS −325 Stainless steels PL (1)Type 347, 348 SS −20 Stainless steels PL (2)Type 302B, 308 SS −325 Stainless steels PL (3)Type 302B, 308 SS −20 Stainless steels PL (4)Type 309, 310 SS −325 Stainless steels PL (1), (3), (5)Type 309, 310 SS −20 Stainless steels PL (2) or (4), (5)
A178 Grade A, C CS −20 Carbon steels T …A179 … CS −20 Carbon steels T …A181 Class 60, 70 CS A Carbon steels FI & FO …
A182 Grade F1, F2, F5, F5a, F9, F11, F12, F21, F22, F91 LA −20 Low alloy steels FI & FO …Grade F10 SS −325 Stainless steels FI & FO (3)Grade F10 SS −20 Stainless steels FI & FO (4)Grade F304, F304L, F316, F316L SS −425 Stainless steels FI & FO …Grade F304H, F316H, F317L, F321, F321H, F347,F347H, F348, F348H SS −325 Stainless steels FI & FO …Grade F310 SS −325 Stainless steels FI & FO (3), (5)Grade F310 SS −20 Stainless steels FI & FO (4), (5)Grade F6a SS −20 Stainless steels FI & FO (5)Grade F60 (S32205) SS −20 Stainless steels FI & FO (5)Grade S32760 SS −60 Stainless steels FI & FO …
A192 … CS −20 Carbon steels T …A193 Grade B5 ≤4 in., B16 ≤4 in. LA −20 Low alloy steels B …Grade B6 SS −20 Stainless steels B …Grade B7 ≤21∕2 in. LA −55 Low alloy steels B …Grade B7 >21∕2 in., ≤4 in. LA −40 Low alloy steels B …Grade B7M ≤4 in. LA −55 Low alloy steels B …Grade B8 Cl. 1 and Cl. 2, B8C Cl. 1 and Cl. 2, B8M, B8T SS −325 Stainless steels B (6)
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Table VIII-2 Material Groupings by Material Specification (Cont’d)

Spec.
No. Type/Grade/Class/Condition/Temper/UNS No.

T-Number
Group Material Type

Product
Form Notes

A194 Grade 1 CS −20 Carbon steels N …Grade 3 LA −20 Low alloy steels N …Grade 6 SS −20 Stainless steels N …Grade 2, 2H, 2HM CS −55 Carbon steels N …Grade 7, 7M LA −150 Low alloy steels N …Grade 8, 8CA, 8FA, 8MA, 8TA SS −325 Stainless steels N …Grade 8A SS −425 Stainless steels N …A197 … CI −20(A) Cast irons C …
A203 Grade A, B, D, E LA −20 Low alloy steels PL …A204 Grade A, B, C LA −20 Low alloy steels PL …A210 Grade A-1 CS −20 Carbon steels T …A214 … CS −20 Carbon steels T …A216 Grade WCA, WCB, WCC CS −20 Carbon steels C …
A217 Grade C5, C12, WC1, WC4, WC5, WC6, WC9 LA −20 Low alloy steels C …Grade CA-15 SS −20 Stainless steels C (5)A226 … CS −20 Carbon steels T …A234 Grade WP1, WP5, WP9, WP11, WP12, WP22, WP91 LA −20 Low alloy steels FI …Grade WPB, WPC CS B Carbon steels FI …
A240 Type 305 SS −325 Stainless steels PL (1), (3)Type 305 SS −20 Stainless steels PL (2) or (4)Type 302, 317, 317L, 321, 321H, 347, 348 SS −325 Stainless steels PL (1)Type 302, 317, 317L, 321H, 348 SS −20 Stainless steels PL (2)Type 304, 304L, 316, 316L SS −425 Stainless steels PL (1)Type 304, 304L, 316, 316L, 321, 347 SS −20 Stainless steels PL (2)Type 309S, 310S SS −325 Stainless steels PL (1), (5)Type 309S, 310S SS −20 Stainless steels PL (2), (5)Type 405, 410, 410S, 420, 429, X8M SS −20 Stainless steels PL (5)UNS S32205 SS −20 Stainless steels PL (5)UNS S32760 SS −60 Stainless steels PL …
A268 GradeTP405, TP409, TP410, TP430, TP430Ti, TP433,TP436 SS −20 Stainless steels T (5)A269 Grade TP304, TP304L, TP316, TP316L SS −425 Stainless steels P (1)Grade TP304, TP304L, TP316, TP316L SS −20 Stainless steels P (2)A278 Class 20, 25, 30, 35, 40, 45, 50, 60 CI −20 Cast irons C …A283 Grade A, B, C, D CS A Carbon steels PL …
A285 Grade A, B CS B Carbon steels PL …Grade C CS A Carbon steels PL …A299 … CS A Carbon steels PL …
A302 Grade A, B, C, D LA −20 Low alloy steels PL …A307 Grade B CS −20 Carbon steels B …A312 Grade TP304, TP304L, TP316, TP316L SS −425 Stainless steels P (1)Grade TP304, TP304L, TP316, TP316L SS −20 Stainless steels P (2)
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Table VIII-2 ð20ÞMaterial Groupings by Material Specification (Cont’d)

Spec.
No. Type/Grade/Class/Condition/Temper/UNS No.

T-Number
Group Material Type

Product
Form NotesGrade TP304H, TP316H, TP321H, TP347H, TP348H SS −325 Stainless steels P …Grade TP309, TP310 SS −325 Stainless steels P (1), (3), (5)Grade TP309, TP310 SS −20 Stainless steels P (2) or (4), (5)Grade TP317, TP317L, TP321, TP347, TP348 SS −325 Stainless steels P (1)Grade TP317, TP317L, TP321, TP347, TP348 SS −20 Stainless steels P (2)A320 Grade B8 Cl. 1 SS −425 Stainless steels B …Grade B8C Cl. 1, B8 Cl. 2, B8C Cl. 2, B8F, B8M, B8T SS −325 Stainless steels N …Grade L7, L43 LA −150 Low alloy steels B (7)Grade L7A, L7B, L7C LA −150 Low alloy steels B (7)Grade L7M LA −100 Low alloy steels B (7)A325 … CS −20 Carbon steels B …A333 Grade 8 LA −320 Low alloy steels P (7)Grade 1, 6 CS −50 Carbon steels P (7)Grade 3, 4 LA −150 Low alloy steels P (7)Grade 7, 9 LA −100 Low alloy steels P (7)A334 Grade 3 LA −150 Low alloy steels T (7)Grade 8 LA −320 Low alloy steels T (7)Grade 1, 6 CS −50 Carbon steels T (7)Grade 7, 9 LA −100 Low alloy steels T (7)A335 GradeP1, P2, P5, P5b, P5c, P9, P11, P12, P15, P21, P22,P91 LA −20 Low alloy steels P …

A350 Grade LF1 CS −20 Carbon steels FI & FO (7)Grade LF2 Cl. 1 CS −50 Carbon steels FI & FO (7)Grade LF2 Cl. 2 CS 0 Carbon steels FI & FO (7)Grade LF3 LA −150 Low alloy steels FI & FO (7)A351 Grade CE20N, CH20, CK20, HK30, HK40 SS −20 Stainless steels C (5)Grade CF8C, CF10MC, CH8, CH10, CN7M SS −325 Stainless steels C …Grade HT30 SS −325 Stainless steels C (1)Grade CF3, CF3A, CF3M, CF8, CF8A, CF8M SS −425 Stainless steels C …A352 Grade LC1 LA −75 Low alloy steels C (7)Grade LC2 LA −100 Low alloy steels C (7)Grade LC3 LA −150 Low alloy steels C (7)Grade LCB CS −50 Carbon steels C (7)A353 … LA −320 Low alloy steels PL (7)A354 Grade BC LA 0 Low alloy steels B …Grade BD LA +20 Low alloy steels B …A358 Grade 304, 304L, 316, 316L SS −425 Stainless steels P (1)Grade 304, 304L, 316, 316L SS −20 Stainless steels P (2)Grade 309S, 310S SS −325 Stainless steels P (1), (5)Grade 309S, 310S SS −20 Stainless steels P (2), (5)Grade 321, 347, 348, S34565 SS −325 Stainless steels P (1)Grade 321, 347, 348, S34565 SS −20 Stainless steels P (2)A369 Grade FP1, FP2, FP3b, FP5, FP9, FP11, FP12, FP21,FP22 LA −20 Low alloy steels P …Grade FPA CS B Carbon steels P …
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Table VIII-2ð20Þ Material Groupings by Material Specification (Cont’d)

Spec.
No. Type/Grade/Class/Condition/Temper/UNS No.

T-Number
Group Material Type

Product
Form NotesGrade FPB CS −20 Carbon steels P …

A376 Grade 16-8-2H SS −325 Stainless steels P (1), (5)Grade 16-8-2H SS −20 Stainless steels P (2), (5)Grade TP304, TP316 SS −425 Stainless steels P (1)Grade TP304, TP316, TP321, TP347, TP348 SS −20 Stainless steels P (2)Grade TP304H, TP316H, TP321, TP321H, TP347,TP347H, TP348 SS −325 Stainless steels P (1)Grade TP304H, TP316H, TP321H, TP347H SS −20 Stainless steels P (2)
A381 Class Y35, Y42, Y46, Y48, Y50, Y52, Y56, Y60 CS A Carbon steels P …A387 Grade 2, 5, 9, 11, 12, 21, 22, 91 LA −20 Low alloy steels PL …A395 … CI −20(A) Cast irons C …
A403 Grade WP304, WP304L, WP316, WP316L SS −425 Stainless steels FI …Grade WP304H, WP316H, WP317, WP317L, WP321,WP321H, WP347, WP347H, WP348 SS −325 Stainless steels FI …Grade WP309, WP310 SS −325 Stainless steels FI (3), (5)Grade WP309, WP310 SS −20 Stainless steels FI (4), (5)
A409 Grade TP304, TP316 SS −425 Stainless steels P (1)Grade TP304, TP316 SS −20 Stainless steels P (2)Grade TP309, TP310 SS −20 Stainless steels P (2) or (4), (5)Grade TP309, TP310 SS −325 Stainless steels P (1), (3), (5)Grade TP317, TP321, TP347, TP348 SS −325 Stainless steels P (1)Grade TP317, TP321, TP347, TP348 SS −20 Stainless steels P (2)
A414 Grade A CS B Carbon steels PL …Grade B, C, D, E, F, G CS A Carbon steels PL …A420 Grade WPL3 LA −150 Low alloy steels FI (7)Grade WPL6 CS −50 Carbon steels FI (7)Grade WPL8 LA −320 Low alloy steels FI (7)
A426 Grade CP1, CP2, CP5, CP5b, CP9, CP11, CP12, CP15,CP21, CP22 LA −20 Low alloy steels P …Grade CPCA-15 SS −20 Stainless steels P (5)A437 Grade B4B, B4C SS −20 Stainless steels B …A451 Grade CPE20N, CPH8, CPH10, CPH20, CPK20 SS −20 Stainless steels P (5)Grade CPF8, CPF8C, CPF8M, CPF10MC SS −20 Stainless steels P …
A453 Grade 651 Cl. A and Cl. B SS −20 Stainless steels B …A479 Type 304H, 316, 316H SS −325 Stainless steels PL (8)Type 304, 304L, 316L SS −425 Stainless steels PL (8)A487 Grade CA6NM SS −20 Stainless steels C (5)
A515 Grade 60 CS B Carbon steels PL …Grade 65, 70 CS A Carbon steels PL …A516 Grade 55, 60 — not normalized CS C Carbon steels PL (9)Grade 55, 60, 65, 70 — normalized CS D Carbon steels PL (9)Grade 65, 70 — not normalized CS B Carbon steels PL (9)
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Table VIII-2 ð20ÞMaterial Groupings by Material Specification (Cont’d)

Spec.
No. Type/Grade/Class/Condition/Temper/UNS No.

T-Number
Group Material Type

Product
Form NotesA524 Grade I, II CS −20 Carbon steels P …A536 Grade 65-45-12, 60-40-18 CI −20 Cast irons C …A537 Class 1 CS D Carbon steels PL …A553 Type 2 LA −275 Low alloy steels PL (7)Type 1 LA −320 Low alloy steels PL (7)

A563 Grade A CS −20(A) Carbon steels N …A570 Grade 30, 36, 40, 45, 50 CS A Carbon steels PL …A571 Type D-2M, Cl. 1 CI −20 Cast irons C (10)A587 … CS −20 Carbon steels P …
A645 … LA −275 Low alloy steels PL (7)A671 Grade CA55 (A285 Gr. C), CB70 (A515 Gr. 70), CK75(A299), CMS75 (A299) CS A Carbon steels P …Grade CB60 (A515 Gr. 60) CS B Carbon steels P …Grade CC60 (A516 Gr. 60) not normalized CS C Carbon steels P (9)Grade CC65 (A516 Gr. 65), CC70 (A516 Gr. 70) notnormalized CS B Carbon steels P (9)Grade CC60 (A516 Gr. 60), CC65 (A516 Gr. 65), CC70(A516 Gr. 70) normalized CS D Carbon steels P (9)Grade CD70 (A537 Cl. 1) CS D Carbon steels P …Grade CF70, CF71 LA −20 Low alloy steels P …
A672 Grade A45 (A285 Gr. A), A50 (A285 Gr. B), B60 (A515Gr. 60) CS B Carbon steels P …GradeA55 (A285Gr. C), B65 (A515Gr. 65), B70 (A515Gr. 70), N75 (A299) CS A Carbon steels P …Grade C55 (A516 Gr. 55), C60 (A516 Gr. 60) notnormalized CS C Carbon steels P (9)Grade C65 (A516 Gr. 65), C70 (A516 Gr. 70) notnormalized CS B Carbon steels P (9)Grade C55 (A516 Gr. 55), C60 (A516 Gr. 60), C65(A516 Gr. 65), C70 (A516 Gr. 70) normalized CS D Carbon steels P (9)Grade D70 (A537 Cl. 1) CS D Carbon steels P …Grade L65, L70, L75 LA −20 Low alloy steels P …
A675 Grade 45, 50, 55, 60, 65, 70, 80 CS −20 Carbon steels B (11)A691 Grade 1∕2Cr, 1Cr, 11∕4Cr, 21∕4Cr, 3Cr, 5Cr, 9Cr, CM-65,CM-70, CM-75, P91 LA −20 Low alloy steels P …Grade CMS-75 (A299) CS A Carbon steels P …Grade CMSH-70 (A537 Cl. 1) CS D Carbon steels P …
A789 UNS S31803, S32304, S32750, S32760 SS −60 Stainless steels T …UNS S32205 SS −20 Stainless steels P (5)UNS S32900 SS −20 Stainless steels T …A790 UNS S31803, S32304, S32750, S32760 SS −60 Stainless steels P …UNS S32205 SS −20 Stainless steels P (5)UNS S32900 SS −20 Stainless steels P …
A815 UNS S32205 SS −20 Stainless steels FI & FO (5)UNS S32760 SS −60 Stainless steels FI & FO …
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Table VIII-2ð20Þ Material Groupings by Material Specification (Cont’d)

Spec.
No. Type/Grade/Class/Condition/Temper/UNS No.

T-Number
Group Material Type

Product
Form NotesA995 Grade 2A, 6A SS −60 Stainless steels C …API 5L Grade A, A25 (smls. & ERW), B CS B Carbon steels P …Grade A25 (butt weld) CS −20(A) Carbon steels P …Grade X42, X46, X52, X56, X60, X65, X70, X80 CS A Carbon steels P …Grade X42, X46, X52, X56, X60, X65, X70, X80 CS B Carbon steels P (12)B21 UNS C46400, C48200, C48500 CU −325 Copper alloys B (11)B42 UNS C10200, C12000, C12200 CU −452 Copper alloys P …B43 UNS C23000 CU −452 Copper alloys P …B61 UNS C92200 CU −325 Copper alloys C …B62 UNS C83600 CU −325 Copper alloys C …B68 UNS C12200 CU −452 Copper alloys T …B75 UNS C10200, C12000, C12200 CU −452 Copper alloys T …B88 UNS C12200 CU −452 Copper alloys T …B96 UNS C65500 CU −452 Copper alloys PL …B98 UNS C65100, C65500, C66100 CU −325 Copper alloys B (11)B148 UNS C95200, C95300, C95500 CU −452 Copper alloys C …UNS C95400, C95600 CU −325 Copper alloys C …B150 UNS C61400, C63000, C64200 CU −325 Copper alloys B (11)B152 UNS C10200, C10400, C10500, C10700, C12200,C12300 CU −452 Copper alloys PL …

B169 UNS C61400 CU −452 Copper alloys PL …B171 UNS C70600, C71500 CU −452 Copper alloys PL …B187 UNS C10200, C11000, C12000, C12200 CU −325 Copper alloys B (11)B280 UNS C12200 CU −452 Copper alloys T …B283 UNS C11000, C46400, C65500 CU −452 Copper alloys FO …UNS C37700, C48500, C67500 CU −325 Copper alloys FO …B466 UNS C70600, C71000 CU −452 Copper alloys P & T …B467 UNS C70600, C71500 CU −452 Copper alloys P …B493 Grade R60702, R60705 ZI −75 Zirconium FO …B523 Grade R60702, R60705 ZI −75 Zirconium T …B550 Grade R60702, R60705 ZI −75 Zirconium PL …B551 Grade R60702, R60705 ZI −75 Zirconium PL …B584 UNS C86200, C86300, C86400, C86500, C86700,C90300, C90500, C92200, C92300, C97300,C97600, C97800 CU −325 Copper alloys C …
B658 Grade R60702, R60705 ZI −75 Zirconium P …Various Various NI −325 Nickel alloys ... …Various Various AL −452 Aluminum … …Various Various TI −75 Titanium … …GENERAL NOTE: The product form abbreviations areB = boltsC = castingsFI = fittingsFO = forgingsN = nutsP = pipePL = plates, sheets, and barsT = tube
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Table VIII-2 Material Groupings by Material Specification (Cont’d)

NOTES:(1) Solution heat treated after forming.(2) Not solution heat treated after forming.(3) Carbon content ≤0.10%.(4) Carbon content >0.10%.(5) This material may have low impact properties at room temperature after being exposed to high service temperatures.(6) Strain-hardened varieties of this carbide solution treated bolting material can also be used at the low temperatures indicated.(7) Material specification requires impact testing.(8) Strain-hardened varieties of this material can also be used at the low temperatures indicated.(9) These materials’ group depends on whether they are normalized or not.(10) Minimum temperature −320°F (−195°C) with impact testing.(11) Bar specification used for making bolting material.(12) T-Number Group CS B may be used only when normalized or quenched and tempered.
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