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This MSS Standard Practice was developed under the consensus of the MSS Technical Committee 113,This MSS Standard Practice was developed under the consensus of the MSS Technical Committee 113, WroughtWrought

Welding FittingsWelding Fittings, and the MSS Coordinating Committee. , and the MSS Coordinating Committee. The content of this Standard Practice is the resulting effortsThe content of this Standard Practice is the resulting efforts

of knowledgeable and experienced industry volunteers to provide an of knowledgeable and experienced industry volunteers to provide an effective, clear, and non-exclusive standard thateffective, clear, and non-exclusive standard that

will benefit the industry as a whole. will benefit the industry as a whole. This MSS Standard PractThis MSS Standard Practice describes minimal requiremice describes minimal requirements and is intended asents and is intended as
a basis for common practice by the manufacturer, the user, and the industry at large. a basis for common practice by the manufacturer, the user, and the industry at large. It is the responsibility of the userIt is the responsibility of the user

of this Standard Practice to establish appropriate safety and health practices and determine the applicability ofof this Standard Practice to establish appropriate safety and health practices and determine the applicability of

regulatory requiremenregulatory requirements prior to use. ts prior to use. The existence of an MSS SThe existence of an MSS Standard Practice does not in itseltandard Practice does not in itself preclude thef preclude the
manufacture, sale, or use of products not conformanufacture, sale, or use of products not conforming to the Standard Practicming to the Standard Practice. e. Mandatory conformance to thisMandatory conformance to this

Standard Practice is established only by reference in other documents such as a code, specification, sales contract, orStandard Practice is established only by reference in other documents such as a code, specification, sales contract, or

 public  public law, law, as as applicable. applicable. MSS MSS has has no no power, power, nor nor does does it it undertake, undertake, to to enforce enforce or or certify certify compliance compliance with with thisthis
document. document. Any certification or other statement of compliance with the requiremAny certification or other statement of compliance with the requirements of this Standard Practice shallents of this Standard Practice shall
not be attributable to MSS and is not be attributable to MSS and is solely the responsibility of the certifier or maker of solely the responsibility of the certifier or maker of the statement.the statement.

“Unless indicated otherwise within this MSS “Unless indicated otherwise within this MSS Standard Practice, other standards documents Standard Practice, other standards documents referencedreferenced

to herein are identified by the date of issue that was applicable to this Standard Practice at the date ofto herein are identified by the date of issue that was applicable to this Standard Practice at the date of

approval of this MSS Standard Pracapproval of this MSS Standard Practice (see Annex A). tice (see Annex A). This Standard PracticThis Standard Practice shall remain silent one shall remain silent on

the validity of those other standards of prior or subsequent dates of issue even though applicablethe validity of those other standards of prior or subsequent dates of issue even though applicable
 provisions may not  provisions may not have changed.”have changed.”  

By publication of this Standard Practice, no position is taken with respect to By publication of this Standard Practice, no position is taken with respect to the validity of any potential claim(s) orthe validity of any potential claim(s) or

of any patent rights in connection theof any patent rights in connection therewith. rewith. MSS shall not be held responsMSS shall not be held responsible for identifying any patent rible for identifying any patent rights.ights.

Users are expressly advised that determination of patent rights and the Users are expressly advised that determination of patent rights and the risk of infringement of such rights are entirelyrisk of infringement of such rights are entirely
their their responsibility.responsibility.

For all MSS Standard Practices, the term “shall” means “must” and “shall not” means For all MSS Standard Practices, the term “shall” means “must” and “shall not” means “must not”.“must not”.

In this Standard Practice, all text, notes, annexes, tables, figures, and In this Standard Practice, all text, notes, annexes, tables, figures, and references are construed to be references are construed to be “normative” and“normative” andessential to understand the standard’s mesessential to understand the standard’s message. sage. All appendices and footnotes, or any other informaAll appendices and footnotes, or any other information denoted astion denoted as

“supplemental”, that may be included within this Standard Practice, DO NOT involve mandatory or normative“supplemental”, that may be included within this Standard Practice, DO NOT involve mandatory or normative

requirements.requirements.

This Standard Practice has been substantially revised from the previous 2014 edition with input fromThis Standard Practice has been substantially revised from the previous 2014 edition with input from

the API task group on low strength fittings and flanges, CSA materials group, U.S. DOT PHMSA, andthe API task group on low strength fittings and flanges, CSA materials group, U.S. DOT PHMSA, and

several transmission companies that usseveral transmission companies that use this document extensively. e this document extensively. Consensus of all concerned wasConsensus of all concerned was

gained through multiple iterations of this gained through multiple iterations of this document and addressed revisions to the design, proof testing,document and addressed revisions to the design, proof testing,

materials, chemistries, heat treatment, impact testing, and quality contrmaterials, chemistries, heat treatment, impact testing, and quality control. ol. The intent of this revision isThe intent of this revision is

to clarify the requirements and help ensure consistent material to clarify the requirements and help ensure consistent material properties, along with records requiredproperties, along with records required

to demonstrate compliance with that intent. to demonstrate compliance with that intent. It is suggested that if the user is interested in knowing whatIt is suggested that if the user is interested in knowing what

changes have been made, that direct page by page comparison should be made of this document andchanges have been made, that direct page by page comparison should be made of this document and

that of the previous edition.that of the previous edition.

 Non-toleranced di Non-toleranced dimensions in this mensions in this Standard PraStandard Practice are nominactice are nominal unless otherwl unless otherwise specified.ise specified.

 Excerpts of this Stand Excerpts of this Standard Practice may be quoted ward Practice may be quoted with written permiith written permission. ssion. Credit lines should rCredit lines should read ‘Extracted fromead ‘Extracted from
 MSS SP-75-2019 with permission of the publisher, Manufacturers Standar MSS SP-75-2019 with permission of the publisher, Manufacturers Standardization Society of the Valve and Fittingsdization Society of the Valve and Fittings
 Industry'. Reproductio Industry'. Reproduction n and/or and/or electelectronic ronic transtransmissimission on or or dissemdisseminatioination n is is prohibprohibited ited under under copyricopyright ght convenconvention tion unlessunless

written permission is granted by the Manufacturers Standardization Society of the Valve and Fittings Industry, Inc.written permission is granted by the Manufacturers Standardization Society of the Valve and Fittings Industry, Inc.

 All rights r All rights reserved.eserved.
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HIGH-STRENGTHHIGH-STRENGTH, , WROUGHT, BUTT-WELDING FITTINGSWROUGHT, BUTT-WELDING FITTINGS

1.1.  SCOPE  SCOPE  

1.1 1.1 This Standard This Standard Practice covers factoPractice covers factory-made, seamless anry-made, seamless and electric wd electric welded carbon anelded carbon and low-alloy d low-alloy steel,steel,

 butt-welding fitti butt-welding fittings for use in high pressure gas and oil transmission and distribungs for use in high pressure gas and oil transmission and distribution systems; includingtion systems; including

 pipelines, compressor st pipelines, compressor stations, metering and regulatations, metering and regulating stations, and mainsing stations, and mains..

1.2 1.2 This Standard This Standard Practice governs Practice governs dimensions, tolerances, dimensions, tolerances, ratings, testing, ratings, testing, materials, chemical and materials, chemical and tensiletensile

 proper properties, heat treatmentties, heat treatment, notch toughness proper, notch toughness properties, manufactties, manufacture, inspectiure, inspection, certificaon, certification, and markingtion, and marking

for high-strength, butt-weldfor high-strength, butt-welding fittings Ning fittings NPS 60 and PS 60 and smaller. smaller. Dimensional requirements for Dimensional requirements for NPS 14 andNPS 14 and

smaller are provided by reference to ASME B16.9.smaller are provided by reference to ASME B16.9.

1.3 1.3 The term “welding fittiThe term “welding fittings” applies to butngs” applies to butt-welding fittingt-welding fittings such as elbows, segments such as elbows, segments of elbows,s of elbows,

reducing elbows, caps, tees, single or multiple-outlet extruded headers, reducers, and extensions andreducing elbows, caps, tees, single or multiple-outlet extruded headers, reducers, and extensions and

transition sectionstransition sections(1)(1). . Hot induHot induction bendction bends are s are outside toutside the scope he scope of this of this Standard Practice. Standard Practice. Girth welGirth weldd

requirements are outside the scope of this Standard Practice and are covered by the applicable ASME B31requirements are outside the scope of this Standard Practice and are covered by the applicable ASME B31

Code for Pressure Piping and/or customer specifications.Code for Pressure Piping and/or customer specifications.

1.4 1.4 Fittings may bFittings may be made to special e made to special dimensions, sizes, dimensions, sizes, shapes, and toshapes, and tolerances, or of wlerances, or of wrought materialsrought materials

other than those covered by this Standard Practice by agreement between the manufacturer and theother than those covered by this Standard Practice by agreement between the manufacturer and the

 purchaser.  purchaser. When such When such fittings fittings meet all meet all other stiother stipulations pulations of this of this Standard Practice Standard Practice they shall they shall be consideredbe considered

as being in partial compliance therewith, providing they are appropriately marked.as being in partial compliance therewith, providing they are appropriately marked.

1.4.1 1.4.1 Fittings manuFittings manufactured in partifactured in partial compliance, as al compliance, as provided in provided in Section 1.4, shalSection 1.4, shall be identifil be identified withed with

“Part” following the respective “Part” following the respective grade designation.grade designation.

1.5 1.5 Fittings specified Fittings specified as “PSL2” will autas “PSL2” will automatically invoke omatically invoke the additional the additional requirements of SR-24 wrequirements of SR-24 whichhich

are intended to be complementary to Pare intended to be complementary to PSL2 line pipe in the API SL2 line pipe in the API 5L Specification.5L Specification.

2.2. PRESSURE RATINGSPRESSURE RATINGS

2.1 2.1 The allowable iThe allowable internal-pressure ratings for nternal-pressure ratings for pipe fittings pipe fittings designed in designed in accordance with this accordance with this StandardStandard

Practice shall be calculated as for straight seamless pipe (or welded pipe with a joint efficiency factor of 1.0)Practice shall be calculated as for straight seamless pipe (or welded pipe with a joint efficiency factor of 1.0)

of equivalent grade, diameter and wall thickness in accordance with the rules established in the applicableof equivalent grade, diameter and wall thickness in accordance with the rules established in the applicable

sections of ASME B31 Codes.sections of ASME B31 Codes.

2.2 2.2 All fittings pAll fittings produced in accordance wiroduced in accordance with this Standard Practh this Standard Practice shall be desigtice shall be designed to withstand ned to withstand a fielda field
hydrostatic test pressure, after installation, at a pressure level equivalent to that hydrostatic test pressure, after installation, at a pressure level equivalent to that required to develop a hooprequired to develop a hoop

stress equal to the specified minimum yield strength for pipe stress equal to the specified minimum yield strength for pipe of equivalent grade and wall thickness basedof equivalent grade and wall thickness based

on Barlow’s Formulon Barlow’s Formula, without failua, without failure, leakage, or impairment re, leakage, or impairment of serviceability. of serviceability. Barlow’s formula iBarlow’s formula iss

defined as:defined as:

WhereWhere::

 P  P    = = internal internal design design pressure, pressure, psig;psig;

S S    = = specified specified minimum minimum yield yield strength strength of thof the matine mating pg pipe, psipe, psi;i;

t t    = = nominal nominal wall wall thickness thickness of of the the mating mating pipe, pipe, inches;inches;

 D D   = = outside outside diameter diameter of thof the matine mating pig pipe, inpe, inches.ches.

NOTE:NOTE:   (1) Lengths of extensions and transitions as agreed upon by purchaser and manufacturer(1) Lengths of extensions and transitions as agreed upon by purchaser and manufacturer..
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2.3 2.3 By agreement between By agreement between the manufacturer and the manufacturer and the purchaser, fitthe purchaser, fittings may be ttings may be tested at a higested at a higher pressureher pressure

 providing the manufact providing the manufacturer is notified of the test purer is notified of the test pressure to be used.ressure to be used.

2.4 2.4 The design shall tThe design shall take into consideratiake into consideration performance requirements pon performance requirements prescribed above as well asrescribed above as well as

additional factors dadditional factors dictated by the shape of the partictated by the shape of the part. . These considerationThese considerations may require some portion ofs may require some portion of

formed fittings to be thicker than the formed fittings to be thicker than the mating pipe wall.mating pipe wall.

2.5 2.5 The design of The design of fittings shall fittings shall be established be established by one of the by one of the following methfollowing methods:ods:

2.5.1 2.5.1 Mathematical analyses contained in natMathematical analyses contained in nationally recognized pressurionally recognized pressure vessel or piping codes (e.g.e vessel or piping codes (e.g.
ASME B31.3 Paragraph 304.2, 304.3; ASME Boiler and Pressure Vessel Code (BPVC), SectionASME B31.3 Paragraph 304.2, 304.3; ASME Boiler and Pressure Vessel Code (BPVC), Section

VIII, Division 2, Part 4); orVIII, Division 2, Part 4); or

2.5.2 2.5.2 Proof testing in accordance wProof testing in accordance with Section 4; orith Section 4; or

2.5.3 Experimental stress analysis (e.g. ASME BPVC, Section VIII, Division 2, Annex 5F) with2.5.3 Experimental stress analysis (e.g. ASME BPVC, Section VIII, Division 2, Annex 5F) with

validation of results. validation of results. Hydrostatic testing may be used to validate experimenHydrostatic testing may be used to validate experimental stress analysis; ortal stress analysis; or

2.5.4 2.5.4 Detailed stress analysis (e.g. ASME BPVC, Section VIII, DiviDetailed stress analysis (e.g. ASME BPVC, Section VIII, Division 2, Part 5) with validationsion 2, Part 5) with validation

of results. of results. Strain measurement, photo elasStrain measurement, photo elastic testing, or hydrosttic testing, or hydrostatic testing may be used tatic testing may be used to validateo validate

detailed stress analysis.detailed stress analysis.

Design report and/or calculations must be made Design report and/or calculations must be made available for purchaser’s review when utilizing theavailable for purchaser’s review when utilizing the

methods in Sections 2.5.1, 2.5.3, or 2.5.4.methods in Sections 2.5.1, 2.5.3, or 2.5.4.

3.3. DEFINITIONSDEFINITIONS  

 Hydrostatic tes Hydrostatic test t ::   A fluid test in A fluid test in which pressure vessels, such as pipelines, which pressure vessels, such as pipelines, can be tested for can be tested for strength and leaks.strength and leaks.

 Lot  Lot :: A lot shall consist of all fittings from the same heat of material of the same starting wall thickness, A lot shall consist of all fittings from the same heat of material of the same starting wall thickness,

same method of mansame method of manufacture and given ufacture and given the same heat treatthe same heat treatment in a furnment in a furnace. ace. Same heat treatmentSame heat treatment

condition means the same process (e.g. normalize, temper) and the same heat-treating cyclescondition means the same process (e.g. normalize, temper) and the same heat-treating cycles

(temperatures, time at temperature, cooling method) are (temperatures, time at temperature, cooling method) are used.used.

 Proof test  Proof test ::   A pressure test to failure oA pressure test to failure or some predetermined minimum tesr some predetermined minimum test pressure to demonstt pressure to demonstrate therate the

reinforcement needed to make the part reinforcement needed to make the part equal to or greater equal to or greater in strength than the intended mating pipe.in strength than the intended mating pipe.

 Same basic design configura Same basic design configurationtion::  A specific type of fitting whose configuration can be qualified in  A specific type of fitting whose configuration can be qualified in

Section 4.2.1.Section 4.2.1.

 Same method of manufactur Same method of manufacturee::   The same basic forminThe same basic forming and heating g and heating methods for forming used imethods for forming used in makingn making

a specific type of fitting (elbows, tees, reducers, or caps).a specific type of fitting (elbows, tees, reducers, or caps).

 Size Size::   Refers to the nominal outside diameter of the mating pipe to which the fitting is attached.Refers to the nominal outside diameter of the mating pipe to which the fitting is attached.

TraceabilityTraceability:: The manufacturer shall establish and follow documented procedures for maintaining the The manufacturer shall establish and follow documented procedures for maintaining the

heat and lot identity throughheat and lot identity throughout the entire supply chain. out the entire supply chain. Traceability procedures shalTraceability procedures shall provide means forl provide means for

tracing any fitting to the proper heat tracing any fitting to the proper heat and lot, and the chemical and lot, and the chemical and mechanical test results.and mechanical test results.
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4.4. DESIGN PROOF-TESTDESIGN PROOF-TEST

4.1 4.1 Proof tests shProof tests shall be made as all be made as set forth in set forth in this Standard Practthis Standard Practice when the ice when the manufacturer chooses manufacturer chooses proofproof

testing to qualify the fitting design. testing to qualify the fitting design. The pressure design thickness, defined as the wall thickness requiredThe pressure design thickness, defined as the wall thickness required

in critical areas so that the fitting can pass the in critical areas so that the fitting can pass the design proof test, for each type of fitting shall be design proof test, for each type of fitting shall be determineddetermined

and recorded. and recorded. The pressure design thicknThe pressure design thickness for other sizes or wall thicknesses coess for other sizes or wall thicknesses covered in Section 4.4vered in Section 4.4

shall require similshall require similar percentage or reinforcement ar percentage or reinforcement proportional by proportional by size or thickness. size or thickness. Critical areas areCritical areas are

normally the inner radius of elbows, the crotch of tees, the knuckle radius of caps and the large ends ofnormally the inner radius of elbows, the crotch of tees, the knuckle radius of caps and the large ends of

reducers. reducers. The proof test shall be based on the computThe proof test shall be based on the computed burst pressure of the fitting and its conneced burst pressure of the fitting and its connectingting

 piping as defined in Sectio piping as defined in Section 4.3.n 4.3.

4.24.2 Test Assembly RequirementsTest Assembly Requirements::  

4.2.1 4.2.1 Each fitting tyEach fitting type shall be testpe shall be tested except the testied except the testing of certain typng of certain types of fittings can es of fittings can qualify otherqualify other

fittings as described below:fittings as described below:

Fitting Type TestedFitting Type Tested(a)(a)   Fitting Type Qualified (Provided same pressure design thickness used)Fitting Type Qualified (Provided same pressure design thickness used)

Short radius elbowsShort radius elbows(b)(b) Short radius, long radius, reducing long radius, or 3R Short radius, long radius, reducing long radius, or 3R elbowelbow

Long radius elbowsLong radius elbows(b)(b) Long radius, reducing long radius, or 3R elbowLong radius, reducing long radius, or 3R elbow

3R elbows3R elbows(b)(b) 3R elbow3R elbow

Straight Straight tee tee Straight Straight or or reducing reducing tees tees of of any any reductionreduction

Reducing Reducing tee tee Reducing Reducing tee tee with with the the same same or or more more reduction reduction in in outlet outlet sizesize

Caps Caps Caps Caps of of the the same same configurationconfiguration
Concentric Concentric reducer reducer Concentric Concentric or or eccentric eccentric reducers reducers with with the the same same or or lesser lesser includedincluded

transition angletransition angle(c)(c)

Eccentric Eccentric reducer reducer Eccentric Eccentric or or concentric concentric reducers reducers with with the the same same or or lesser lesser includedincluded

transition angletransition angle(c)(c)

NOTES:NOTES:

(a) (a) Section 4.4 applicabiSection 4.4 applicability of test results appllity of test results apply to all tested and qualifiey to all tested and qualified fittings.d fittings.

(b) (b) A test of any angle A test of any angle elbow will qualelbow will qualify any other angle. ify any other angle. A segmented elbow A segmented elbow that has a test on athat has a test on a

geometrically similar 45°geometrically similar 45°  or 90°or 90°   elbow need not be elbow need not be tested separately.tested separately.

(c) (c) Transition angle is defined as the angle of the conical section and is calculated as follows:Transition angle is defined as the angle of the conical section and is calculated as follows:

Concentric Reducer:Concentric Reducer:         

   Eccentric Eccentric Reducer:Reducer:               

Where:Where:

     = Angle = Angle of of transition;transition;
L L    = = Diameter Diameter of large of large end of end of conical seconical section;ction;

SS = = Diameter of small eDiameter of small end of conical section;nd of conical section;

= = Length of Length of conical secticonical section.on.

Fittings that have the same basic design configurationFittings that have the same basic design configuration (1)(1) and method of manufacture and method of manufacture(2)(2) shall be selected shall be selected

from production for testing and shall be identified as to material, grade and lot, including heat treatment.from production for testing and shall be identified as to material, grade and lot, including heat treatment.

They shall be inspected for dimensional compliance to this Standard Practice.They shall be inspected for dimensional compliance to this Standard Practice.

NOTES:NOTES:

(1) (1) Examples NOT Examples NOT considered the same considered the same basic design configurbasic design configurations are: ations are: Elbows with diElbows with different radii, teefferent radii, tees versuss versus

extruded outlet headers, bell shaped (i.e. with tangents) versus conical reducers, and caps extruded outlet headers, bell shaped (i.e. with tangents) versus conical reducers, and caps of different shapes.of different shapes.

(2) (2) Examples NOT Examples NOT considered the same considered the same method of manufacture are: method of manufacture are: Full formed Full formed tees versus extruded headers,tees versus extruded headers,

cold formed versus hot formed or differential heating, and rolled and welded versus die formed reducers.cold formed versus hot formed or differential heating, and rolled and welded versus die formed reducers.
Elbows of the same curvature radius, whether seamless, welded with a joint efficiency factor of 1.00, orElbows of the same curvature radius, whether seamless, welded with a joint efficiency factor of 1.00, or

 bent fr bent from pipe, om pipe, will have will have the sathe same pressume pressure desire design thickgn thickness aness and may nd may be combe combined obined or mixed r mixed to achto achieveieve

the testing factorthe testing factor f  f  of 1.00. of 1.00.



    

MSS MSS STANDARD STANDARD PRACTICE PRACTICE SP-75SP-75

44

4.2.2 4.2.2 Straight seamless Straight seamless or welded pior welded pipe whose calculpe whose calculated bursting ated bursting strength is strength is at least as at least as great as the great as the proofproof

test pressure as calculated in Secttest pressure as calculated in Section 4.3, shall be welded to each enion 4.3, shall be welded to each end of the fitting to be testedd of the fitting to be tested. . PipePipe

sections may have the nominal wall greater than thsections may have the nominal wall greater than the thickness indicated by the fitting markie thickness indicated by the fitting markings. ngs. ThatThat

greater thickness shall not exceed 1.5 times the nominal pipe wall thickness of the pipe that the fittinggreater thickness shall not exceed 1.5 times the nominal pipe wall thickness of the pipe that the fitting

marking identifies. marking identifies. Any internal misalignmenAny internal misalignment greater than 0.06 in. shall be reduced by taper boring at at greater than 0.06 in. shall be reduced by taper boring at a

slope not exceeding 1:3 (18°). slope not exceeding 1:3 (18°). Any other unequal wall welding preparatAny other unequal wall welding preparation shall be in accordance withion shall be in accordance with

Figure 3. Figure 3. The minimum length of piThe minimum length of pipe sections for closures shpe sections for closures shall be one-half pipe O.D. for greater tall be one-half pipe O.D. for greater thanhan

 NPS 14 and one pipe O.D. for NPS 14 and small NPS 14 and one pipe O.D. for NPS 14 and smaller.er.

4.3 4.3 The test The test fluid shalfluid shall be watl be water or other er or other liquid. Hyliquid. Hydrostatic presdrostatic pressure shall sure shall be applied be applied to the to the assembly. assembly. AtAt

least three (3) proof tests for least three (3) proof tests for each fitting, joint size, or configuration are recommended.each fitting, joint size, or configuration are recommended.

The testing factorThe testing factor f  f , based on the number of specimen tests performed in the chart below, shall be , based on the number of specimen tests performed in the chart below, shall be used inused in

the computed test equations:the computed test equations:

Number Number of of Tests Tests Testing Testing FactorFactor  f  f   

1 1.101 1.10

2 1.052 1.05

3 1.003 1.00

NOTE:NOTE: Tests of geometrically identical fittings of different sizes and wall thicknesses that have Tests of geometrically identical fittings of different sizes and wall thicknesses that have

overlapping ranges as described in Section 4.4 may be combined to establish the test factor applied tooverlapping ranges as described in Section 4.4 may be combined to establish the test factor applied to

a set of fittings. a set of fittings. Example – testing of a NExample – testing of a NPS 16, NPS 24 and NPS 16, NPS 24 and NPS 30 of the same basic desPS 30 of the same basic designign
configuration and method of manufacture would qualify for a test factor of configuration and method of manufacture would qualify for a test factor of 1.0 and fittings of that type1.0 and fittings of that type

from NPS 8 to NPS 60.from NPS 8 to NPS 60.

The test shall be taken to rupture or The test shall be taken to rupture or held at or above the computed minimum proof held at or above the computed minimum proof pressure for a periodpressure for a period

of at least three (3) minutes. of at least three (3) minutes. The test is successful if for each of the tests, the fittiThe test is successful if for each of the tests, the fitting withstands withng withstands withoutout

rupture a proof test pressure at rupture a proof test pressure at least equal to the computed minimum:least equal to the computed minimum:

WhereWhere::

= = computed micomputed minimum proof nimum proof test pressutest pressure for re for fitting;fitting;

= = testing factor testing factor from table from table listed in listed in Section 4.3;Section 4.3;

= = actual tensile strength actual tensile strength of the test of the test fitting, determined on fitting, determined on a specimen representative ofa specimen representative of

the test fitting, which shall meet the tensile strength requirements of the applicablethe test fitting, which shall meet the tensile strength requirements of the applicable
material of Section 6;material of Section 6;

= = nominal pipe wnominal pipe wall thickness all thickness of the pipe thof the pipe that the fitting at the fitting marking identifimarking identifies;es;

= = specified specified outside outside diameter diameter of pof pipe.ipe.

4.4 4.4 It is not necessary to conIt is not necessary to conduct an individual tduct an individual test of fittings witest of fittings with all combinations oh all combinations of sizes, wallf sizes, wall

thicknesses, and materialsthicknesses, and materials. . A successful proof test A successful proof test on one representative fittion one representative fitting may represent others tong may represent others to

the extent described in Sections 4.4.1, 4.4.2, and 4.4.3.the extent described in Sections 4.4.1, 4.4.2, and 4.4.3.

4.4.1 4.4.1 One test fittiOne test fitting may be used ng may be used to qualify fittto qualify fittings of the sings of the same basic design coame basic design configuration and nfiguration and methodmethod

of manufacture with a size range from one-half to twice that for the tested fitting.of manufacture with a size range from one-half to twice that for the tested fitting.

4.4.2 4.4.2 One test fittiOne test fitting may be used ng may be used to qualify fittto qualify fittings of the sings of the same basic design coame basic design configuration and nfiguration and methodmethod

of of manufacture manufacture with with ranges ranges from from one-half one-half to to three three times times that that for for the the tested tested fitting.fitting.
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4.4.3 4.4.3 The pressure retainiThe pressure retaining capacity of a ng capacity of a fitting of thfitting of the same basic desie same basic design configuration gn configuration and method ofand method of

manufacture made of various grades of steel as listed in Section 6 will be directly proportional to themanufacture made of various grades of steel as listed in Section 6 will be directly proportional to the

tensile properties of the materialstensile properties of the materials, provided the yield-to-tens, provided the yield-to-tensile ratio is 0.90 or less. ile ratio is 0.90 or less. Therefore, it isTherefore, it is

necessary to test only a single material necessary to test only a single material in a representative fitting to prove the design of in a representative fitting to prove the design of the fitting.the fitting.

4.5 4.5 The manufacturer shThe manufacturer shall have a qualall have a quality control ity control (QC) program that v(QC) program that verifies the manufactuerifies the manufacturing processring process

used and ensures that the resulting geometry and pressure design thickness of the fittings or jointsused and ensures that the resulting geometry and pressure design thickness of the fittings or joints

manufactured conforms manufactured conforms to the geometries to the geometries tested. tested. The QC program The QC program shall control shall control the manufacturingthe manufacturing

drawings and maintain the QC records showing conformance to drawings and maintain the QC records showing conformance to these drawings.these drawings.

Tests made in accordance with and at the time of previous editions of this test are not intended to beTests made in accordance with and at the time of previous editions of this test are not intended to be

nullified by the changes made in this edition’s test procedure and requirement provided the design criterianullified by the changes made in this edition’s test procedure and requirement provided the design criteria

for the type tested can be determined.for the type tested can be determined.

Whenever a significant change is made Whenever a significant change is made in the geometry or method of in the geometry or method of manufacture, the manufacturer shallmanufacture, the manufacturer shall

either retest the new production or show by analysis that the change would not affect the results of prioreither retest the new production or show by analysis that the change would not affect the results of prior

tests. tests. Examples of changes in geometExamples of changes in geometry that require retests are a change in thiry that require retests are a change in thickness or revised toolinckness or revised toolingg

configuration.configuration.

4.6 4.6 A report of thA report of the testing for each e testing for each test assembly stest assembly shall be prepared hall be prepared and shall incluand shall include:de:

a) a) Description of Description of the test, includithe test, including the number of tng the number of tests and f factor ests and f factor used to establisused to establish the targeth the target

 proof test; proof test;

 b)  b) Instrumentation and methoInstrumentation and methods of calibrations used;ds of calibrations used;
c) c) Material Material test test reports reports for tfor the asshe assembly’s embly’s materials;materials;

d) d) Actual Actual final final pressures pressures achieved achieved for each for each test;test;

e) e) Length of time from Length of time from test initiation test initiation to the time of to the time of burst, or the holburst, or the hold time at or above d time at or above thethe

computed target pressure;computed target pressure;

f) f) Calculations Calculations performed;performed;

g) g) Location of Location of rupture, if rupture, if any, including any, including a sketch oa sketch or photograph(sr photograph(s) of the ) of the assembly;assembly;

h) h) Actual Actual measured measured thickness thickness in in critical critical areas.areas.

The pressure design thickness required in critical areas shall be reported either on the reports for theThe pressure design thickness required in critical areas shall be reported either on the reports for the

individual tests oindividual tests or on a separate report covering multr on a separate report covering multiple tests. iple tests. If more than one test is used to If more than one test is used to establishestablish

the test factorthe test factor f  f , all of these tests shall be considered for the determination of the pressure design thickness., all of these tests shall be considered for the determination of the pressure design thickness.

The test report shall be made available at the manufacturer’s facility for inspection by the purchaser orThe test report shall be made available at the manufacturer’s facility for inspection by the purchaser or

regulatory authority.regulatory authority.

5.5. HYDROSTATIC TESTINGHYDROSTATIC TESTING  

5.1 5.1 Unless otherwisUnless otherwise agreed upon as per Sectie agreed upon as per Section 2.3, welding fion 2.3, welding fittings shall bttings shall be capable of withste capable of withstanding aanding a

hydrostatic test pressure as specified in Section 2.2; however, hydrostatic testing by the manufacturer ishydrostatic test pressure as specified in Section 2.2; however, hydrostatic testing by the manufacturer is

not required.not required.

6.6. MATERIALSMATERIALS

6.1 6.1 The steel shall The steel shall be killed and be killed and made to a fine gmade to a fine grain practice usinrain practice using recognized melting recognized melting practices.g practices.

6.2 6.2 The material for fitThe material for fittings shall cotings shall consist of forgingnsist of forgings, plate, seamless or s, plate, seamless or fusion-welded tubfusion-welded tubular productsular products

with filler metal added.with filler metal added.

6.3 6.3 Steel shall be Steel shall be suitable for suitable for field welding field welding to other fittto other fittings, flanges, anings, flanges, and pipe manufactured d pipe manufactured to applicableto applicable

specifications listed in the ASME B31 Codes.specifications listed in the ASME B31 Codes.
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6.4 6.4 If preheating of If preheating of the material is reqthe material is required to ensure puired to ensure proper weldability roper weldability under normal field under normal field conditions,conditions,

the manufacturer shall state specific preheat requirements and permanently indicate this on the manufacturer shall state specific preheat requirements and permanently indicate this on the fitting.the fitting.

6.5 6.5 Since thermomechanical Since thermomechanical controlled procescontrolled process (TMCP) plate resus (TMCP) plate results in material lts in material that loses pthat loses propertiesroperties

when heated over 500 °F, this type of platwhen heated over 500 °F, this type of plate is not typically used for fitte is not typically used for fitting manufacture. ing manufacture. If the purchaserIf the purchaser

wishes to use this material, they must consult with the manufacturer and determine what formingwishes to use this material, they must consult with the manufacturer and determine what forming

conditions and heat treatments are acceptable for this conditions and heat treatments are acceptable for this material’s use.material’s use.

7.7. CHEMICAL CHEMICAL COMPOSITIONCOMPOSITION

7.1 7.1 The determination The determination of the chemical of the chemical composition of composition of each heat of seach heat of steel used in teel used in meeting the reqmeeting the requirementsuirements

of Table 1 shall be of Table 1 shall be determined by a product analysis, unless otherwise noted in determined by a product analysis, unless otherwise noted in the Table, and controlledthe Table, and controlled(1)(1)  

 by the  by the fitting manufitting manufacturer. facturer. The heat The heat (ladle) and (ladle) and product analproduct analysis shall ysis shall be reported. be reported. The chemical The chemical methodmethod

of analysis shall be done in accordance of analysis shall be done in accordance with a recognized standard (e.g. ASTM with a recognized standard (e.g. ASTM A751).A751).

7.2 7.2 The choice and The choice and use of alloyinuse of alloying elements for g elements for fittings shall fittings shall be made by be made by the manufacturer.the manufacturer.

7.3 7.3 The The Carbon Carbon Equivalent Equivalent shall shall be be computed computed by by one one of of the the following following equations equations belowbelow

(based upon the (based upon the product analysis):product analysis):

 For: For:

1)1)

 For: For:

2)2)

WhereWhere::  

= = a compliance factor a compliance factor dependent upon dependent upon carbon content deficarbon content defined as followsned as follows::

Carbon Carbon Content, Content, % % Carbon Carbon Content, Content, %%

<0.06 <0.06 0.53 0.53 0.12 0.12 0.750.75

0.06 0.06 0.54 0.54 0.13 0.13 0.800.80

0.07 0.07 0.56 0.56 0.14 0.14 0.850.85

0.08 0.08 0.58 0.58 0.15 0.15 0.880.88

0.09 0.09 0.62 0.62 0.16 0.16 0.920.92

0.10 0.10 0.66 0.66 0.17 0.17 0.940.94

0.11 0.700.11 0.70

The The maximum maximum by by either either equation equation above above shall shall not not exceed exceed 0.45%. If 0.45%. If the the actual actual is is greater greater thanthan

0.42 0.42 %, %, the the parts parts shall shall be be stamped stamped or or paint paint marked marked with with the the actual actual ..

NOTE:NOTE:  (1) Product analysis from the starting mill material is acceptable, provided the manufacturer has  (1) Product analysis from the starting mill material is acceptable, provided the manufacturer has

assured, by normal methods of Quality Assurance, that the results are representative of the delivered product.assured, by normal methods of Quality Assurance, that the results are representative of the delivered product.

 Normal  Normal methods methods of of Quality Quality Assurance Assurance may may include: include: periodic periodic Supplier Supplier Quality Quality audits, audits, periodic periodic over-checkover-check
testing of incoming material, records of Supplier non-conformances and effective Supplier corrective actionstesting of incoming material, records of Supplier non-conformances and effective Supplier corrective actions

and records that demonstrate a Supplier's consistent conformance to chemical and mechanical properties.and records that demonstrate a Supplier's consistent conformance to chemical and mechanical properties.
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8.8. TENSILE PROPERTIESTENSILE PROPERTIES

8.1 8.1 Tensile propeTensile properties shall rties shall meet the reqmeet the requirements as uirements as specified in specified in Table 2.Table 2.

8.1.1 8.1.1 Upon agreement by Upon agreement by the purchaser, a the purchaser, a fitting may havfitting may have thickness oe thickness or yield strengr yield strength or both th or both unequalunequal

to the pipe with which to the pipe with which it is intended to be it is intended to be used, provided the welding- end preparation at the used, provided the welding- end preparation at the joint assuresjoint assures

wall thickness of the fitting is at least equal to the specified pipe-wall thickness times the ratio of thewall thickness of the fitting is at least equal to the specified pipe-wall thickness times the ratio of the

specified minimum yield stspecified minimum yield strength of the pipe and the minirength of the pipe and the minimum-tested yield strengmum-tested yield strength of the fitting. th of the fitting. SeeSee

Figures 3(a), 3(b), and 3(c) for joint preparation.Figures 3(a), 3(b), and 3(c) for joint preparation.

8.2 Test specimens should be taken from the fitting or from an integral prolongation of the fitting after8.2 Test specimens should be taken from the fitting or from an integral prolongation of the fitting after

final heat treatment (see Sectiofinal heat treatment (see Section 8.4). n 8.4). A separate test piece may bA separate test piece may be attached to the end of a fitte attached to the end of a fitting, suching, such

that it will be heat treated in a lot with the fitting(s) it represents. that it will be heat treated in a lot with the fitting(s) it represents. Test piece of pipe or plate shall be placedTest piece of pipe or plate shall be placed

within the surveyed working zone of the furnace within the surveyed working zone of the furnace during heat treatment and consideration should be givenduring heat treatment and consideration should be given

that the thermal cycle of fitting and sample are similar, e.g. stacking conditions of the sample and fittingthat the thermal cycle of fitting and sample are similar, e.g. stacking conditions of the sample and fitting

have to be the same. have to be the same. Limitations on use of sLimitations on use of separate test pieces are covered in SR-23.eparate test pieces are covered in SR-23.

If the fittings will be exposed to an assembly Post-Weld Heat Treatment (PWHT) or a field PWHT andIf the fittings will be exposed to an assembly Post-Weld Heat Treatment (PWHT) or a field PWHT and

the PWHT temperature is higher than the final tempering temperature for the fitting, additional tensilethe PWHT temperature is higher than the final tempering temperature for the fitting, additional tensile

testing shall be requested by the purchaser to ensure the fitting meets the requirements of Section 8 aftertesting shall be requested by the purchaser to ensure the fitting meets the requirements of Section 8 after

the PWHT thermal cycle.the PWHT thermal cycle.

8.3 8.3 Test specimens shall bTest specimens shall be in accordance with ASTM Ae in accordance with ASTM A370 using full-si370 using full-size specimens or largest subze specimens or largest sub--

size specimens obtaisize specimens obtainable. nable. Yield strength sYield strength shall be determined hall be determined either by the 0.2% either by the 0.2% offset or the 0.5%offset or the 0.5%
extension under load (EUL) method. extension under load (EUL) method. Test specimen orientation shall be taken transverse to the major axisTest specimen orientation shall be taken transverse to the major axis

of the fitting for NPS 8 or larger material and shall be longitudiof the fitting for NPS 8 or larger material and shall be longitudinal to the major axis for smaller sizes. nal to the major axis for smaller sizes. TestTest

specimen specimen axial axial location location shall shall be be for for thicknesses thicknesses less less than than or or equal equal to to 1111 ∕  ∕ 22  in., in., and and for for thicknessesthicknesses

greater than 1greater than 111 ∕  ∕ 22 in. in.

8.4 8.4 One One base base metal metal tensiontension  test to determine yield strength, tensile strength, and percent test to determine yield strength, tensile strength, and percent (%) elongation(%) elongation

shall be made from each lot of fittings.shall be made from each lot of fittings.

Lot testing results may apply for a period of one year or until any major furnace modifications occur asLot testing results may apply for a period of one year or until any major furnace modifications occur as

defined by ASTM A991/A991M, whichever is sooner.defined by ASTM A991/A991M, whichever is sooner.

8.5 8.5 Fittings containFittings containing welds shall having welds shall have one tension test se one tension test specimen taken from across thpecimen taken from across the weld with thee weld with the

axis transverse to the weld seam for each lot of fittings. axis transverse to the weld seam for each lot of fittings. Only the ultimate tensile strenOnly the ultimate tensile strength need meet thegth need meet the

minimum requirements of Table 2.minimum requirements of Table 2.

8.6 8.6 If the tension If the tension test specimen frotest specimen from any lot faim any lot fails to confols to conform to the reqrm to the requirements for thuirements for the particular grade particular gradee

ordered, the manufacturer may elect to make retests on two additional pieces from the same lot, each ofordered, the manufacturer may elect to make retests on two additional pieces from the same lot, each of

which shall conform to the requirements specified in Table which shall conform to the requirements specified in Table 2.2.

If one or both of the If one or both of the retests fail to conform to the requirements, the manufacturer may elect to test each retests fail to conform to the requirements, the manufacturer may elect to test each ofof

the remaining pieces in the lot. the remaining pieces in the lot. Retests are required only for the partiRetests are required only for the particular test with which the specimencular test with which the specimen

did not comply did not comply originally.originally.

8.7 Cold flattening of transverse test specimens is permitted if other test specimens cannot be obtained8.7 Cold flattening of transverse test specimens is permitted if other test specimens cannot be obtained

reasonably. reasonably. When a separate test piece is uWhen a separate test piece is used, consider flattening sed, consider flattening of samples for the tests prioof samples for the tests prior to heatr to heat

treatment. treatment. Consideration shoulConsideration should be given to the amount of cold-working and the effects that cold-workingd be given to the amount of cold-working and the effects that cold-working

may have on the may have on the testing results.testing results.
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9.9. HEAT TREATMENTHEAT TREATMENT

9.1 9.1 All fittinAll fittings shall gs shall be furnished be furnished in a hin a heat-treated conditeat-treated condition done ion done by a traiby a trained operator. ned operator. Hot formedHot formed

fittings shall be cooled bfittings shall be cooled below the lower critical temperature prielow the lower critical temperature prior to heat treatment. or to heat treatment. The adequacy of theThe adequacy of the

furnace working zone to achieve and maintain temperature uniformity of ±25furnace working zone to achieve and maintain temperature uniformity of ±25 F shall be established byF shall be established by

annual survey in accordance with a recognized standard (e.g. ASTM A991/A991M, AMS 2750) andannual survey in accordance with a recognized standard (e.g. ASTM A991/A991M, AMS 2750) and

records shall be retarecords shall be retained. ined. Thermocouples and oThermocouples and other temperature measurinther temperature measuring recording devices g recording devices shall beshall be

calibrated quarterly. calibrated quarterly. If necessary, due to the furnace’s inability to meet the required uniformity survey orIf necessary, due to the furnace’s inability to meet the required uniformity survey or

calibration requirements, other practices may be considered (e.g. thermocouples, reduced working zone)calibration requirements, other practices may be considered (e.g. thermocouples, reduced working zone) provided it  provided it can be can be demonstrated that demonstrated that said practice said practice achieves consistent achieves consistent heat treat heat treat results through results through testing.testing.

This alternate practice shall be documented, used for a maximum of This alternate practice shall be documented, used for a maximum of three (3) months, and each heat three (3) months, and each heat treattreat

load shall require mechanical testing regardless of whether the loads load shall require mechanical testing regardless of whether the loads are of the same are of the same lot.lot.

Fittings shall be heat treated by one Fittings shall be heat treated by one or more of the or more of the following procedures:following procedures:

9.1.19.1.1  Stress Relieving  Stress Relieving    Stress relieving shall Stress relieving shall be limited only be limited only to guide bar to guide bar welds unless welds unless otherwise agreedotherwise agreed

upon between the manufacturer and the purchaser. upon between the manufacturer and the purchaser. Fittings shall be heated to a Fittings shall be heated to a suitable temperature belowsuitable temperature below

the transformation range, but not less than 1000 ºF, holding at temperature for not less than one hour perthe transformation range, but not less than 1000 ºF, holding at temperature for not less than one hour per

inch of maximum thickness, but never less than one-half hour and cooling in the furnace or in air.inch of maximum thickness, but never less than one-half hour and cooling in the furnace or in air.

9.1.29.1.2  Normalizing  Normalizing    Fittings Fittings shall be shall be uniformly reheatuniformly reheated above ed above the transformatithe transformation range on range (austenite(austenite

range), held at this temperature a range), held at this temperature a sufficient time to achieve uniform temperature throughout the mass andsufficient time to achieve uniform temperature throughout the mass and

cooled in air.cooled in air.

9.1.39.1.3  Normalizing &  Normalizing & Tempering Tempering    Fittings Fittings shall shall be be normalized normalized in in accordance accordance with with Section Section 9.1.2. 9.1.2. TheyThey

shall then be tempered by reheating to a temperature below the transformation range, but not less thanshall then be tempered by reheating to a temperature below the transformation range, but not less than

1000 ºF, held at temperature for a 1000 ºF, held at temperature for a minimum of one hour per inch of maximum minimum of one hour per inch of maximum thickness, but not less thanthickness, but not less than

one-half hour and cooled in the furnace or in air.one-half hour and cooled in the furnace or in air.

9.1.49.1.4 Quenching & Tempering Quenching & Tempering    Fittings Fittings shall shall be be uniformly uniformly reheated reheated above above the the transformation range, transformation range, heldheld

at temperature sufficient to achieve uniform temperature throughout the mass and immediately immersionat temperature sufficient to achieve uniform temperature throughout the mass and immediately immersion

quenched in a quenched in a suitable liquid medium. suitable liquid medium. They shall then They shall then be reheated and be reheated and tempered per Section 9.1.3. tempered per Section 9.1.3. QuenchingQuenching

facilities shall be of sufficient size and equipped to assure proper and uniform cooling.facilities shall be of sufficient size and equipped to assure proper and uniform cooling.

9.29.2  Heat Treat Procedures Heat Treat Procedures   Heat treat procedures shall be available for review at the facility and shallHeat treat procedures shall be available for review at the facility and shall

include requirements foinclude requirements for furnace temperatures and sr furnace temperatures and soak times at temperatuoak times at temperature. re. For quench treatments,For quench treatments,

cooling medium temperature before and after quench shall be controlled along with time to the quenchcooling medium temperature before and after quench shall be controlled along with time to the quench

tank tank ..   Cooling medium temperature and agitation should be considCooling medium temperature and agitation should be considered to ensure proper cooling rate basedered to ensure proper cooling rate based

on maximum mass being heat treated. on maximum mass being heat treated. Furnaces shall be visually inspFurnaces shall be visually inspected regularly for scale build-up,ected regularly for scale build-up,

 burner malfunction, loss o burner malfunction, loss of refractory material, or hot spots on tf refractory material, or hot spots on the shell of the furnace.he shell of the furnace.

9.39.3  Heat Treat Records Heat Treat Records A record of each heat treat load shall be recorded and reviewed forA record of each heat treat load shall be recorded and reviewed for

consistency to previous loads of the same lot. Records shall, at a minimum, include furnace number, date,consistency to previous loads of the same lot. Records shall, at a minimum, include furnace number, date,

heat codes of all pieces in heat codes of all pieces in the load, procedure used, othe load, procedure used, order number and part descriprder number and part descriptions. tions. ManufacturersManufacturers

using third party services shall maintain copies of all using third party services shall maintain copies of all heat treat records from their heat treat records from their sub-supplier.sub-supplier.

10.10. TRANSVERSE GUIDED-WELD BEND-TESTS (MOVED TO SR-2)TRANSVERSE GUIDED-WELD BEND-TESTS (MOVED TO SR-2)

For this edition, Section 10 was For this edition, Section 10 was moved into a supplementary requirement (SR-2); moved into a supplementary requirement (SR-2); however, the numberinghowever, the numbering

has been maintained, along with all the has been maintained, along with all the following sections and the SRs.following sections and the SRs.

11.11. NOTCH-TOUGHNOTCH-TOUGHNESS NESS PROPERTIESPROPERTIES

11.1 11.1 Notch-toughness proNotch-toughness properties shall be determined with full sperties shall be determined with full size Charpy V notch specimens inize Charpy V notch specimens in

accordance with ASTM Aaccordance with ASTM A370 for base metal and 370 for base metal and weld. weld. Sub-size specimens sSub-size specimens shall be used onlhall be used only wheny when

material to be tested is material to be tested is of insufficient thickness.of insufficient thickness.
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11.2 11.2 Impact specimens shall be Impact specimens shall be taken at the same frequentaken at the same frequency, location and orientation as cy, location and orientation as the tensile teststhe tensile tests

(see Sections 8.3 and 8.7). (see Sections 8.3 and 8.7). Specimen notch orientation should be C - L for NPS 8 and larger and L Specimen notch orientation should be C - L for NPS 8 and larger and L - C for- C for

smaller sizes (see illustration below).smaller sizes (see illustration below).

Specimen Notch OrientationSpecimen Notch Orientation

One set (three specimens) of base metal and weld metal shall be tested at +20 °F or lower and showOne set (three specimens) of base metal and weld metal shall be tested at +20 °F or lower and show

20 ft-lb minimum average with no 20 ft-lb minimum average with no one specimen less than 15 one specimen less than 15 ft-lb. ft-lb. Percent shear shall be reported onPercent shear shall be reported on

 base  base metametal onl only fly for ior informnformatiational onal purpospurposes.es.   

11.3 11.3 Notch-toughness testing oNotch-toughness testing of NPS 14 and f NPS 14 and smaller is not required usmaller is not required unless Grades WPHY nless Grades WPHY 65 or higher65 or higher
are supplied or the purchaser specifies testing; however, NPS 4 and smaller, as well as, wall thicknessare supplied or the purchaser specifies testing; however, NPS 4 and smaller, as well as, wall thickness

thinner than 0.236 in., do not require thinner than 0.236 in., do not require notch-toughness testing.notch-toughness testing.

11.4 11.4 If the acceptance reqIf the acceptance requirements of Section uirements of Section 11.2 are not 11.2 are not met, one retest omet, one retest of three additional specimensf three additional specimens

from the same test location and orientation may from the same test location and orientation may be performed. be performed. Each individual test value of the retestedEach individual test value of the retested

specimens shall be equal to or greatspecimens shall be equal to or greater than the specified minimum average valer than the specified minimum average value.ue.

12.12. FITTING DIMENSIONSFITTING DIMENSIONS

12.1 12.1 One of the One of the principles of this principles of this Standard Practice is the maintenanStandard Practice is the maintenance of a fixed ce of a fixed position for the position for the weldingwelding

ends with reference to the center line of the fittings or the overall dimensions, as the case may be.ends with reference to the center line of the fittings or the overall dimensions, as the case may be.

Dimensional standards for Dimensional standards for fittings NPS 16 and fittings NPS 16 and larger are shown larger are shown in Tables 3 throuin Tables 3 through 9. gh 9. DimensionalDimensional

standards and tolerances (including minimum wall thickness of 87standards and tolerances (including minimum wall thickness of 8711 ∕  ∕ 22%) for NPS 14 and smaller sizes are%) for NPS 14 and smaller sizes are

contained in ASME B16.9.contained in ASME B16.9.

13.13. TOLERANCES FOR WELDING FITTINGSTOLERANCES FOR WELDING FITTINGS

13.113.1 TolerancesTolerances The tolerances for fittings NPS 16 and larger  The tolerances for fittings NPS 16 and larger are shown in Table 3 and are applicable toare shown in Table 3 and are applicable to

the nominal dimensions given in Tables 4 through 9 inclusive.the nominal dimensions given in Tables 4 through 9 inclusive.

13.213.2 Wall ThicknessWall Thickness The minimum wall thickness may be 0.01 in. under the nominal thickness, except The minimum wall thickness may be 0.01 in. under the nominal thickness, except

that isolated non-continuous reductions are permitted provided the remaining wall thickness is notthat isolated non-continuous reductions are permitted provided the remaining wall thickness is not

diminished to less than 93diminished to less than 93.5% of the specified nominal. .5% of the specified nominal. These tolerances do noThese tolerances do not apply to areas wheret apply to areas where

reinforcement is required per Section 2.5. reinforcement is required per Section 2.5. In no case can the total area oIn no case can the total area of isolated non-continuousf isolated non-continuous

reductions exceed 10% of the outside surface area of reductions exceed 10% of the outside surface area of the fitting.the fitting.

13.313.3 Welding EndsWelding Ends Unless otherwise specified, the details of the welding end preparation shall be in Unless otherwise specified, the details of the welding end preparation shall be in

accordance with Figures 1 or 2accordance with Figures 1 or 2. . The root face of the fitting shall be machined The root face of the fitting shall be machined flat and shall not vary fromflat and shall not vary from

the plane by more than 0.03 in. at any point. the plane by more than 0.03 in. at any point. Where the wall of the fitting exceeds that of matching pipe,Where the wall of the fitting exceeds that of matching pipe,
the transition shall be in accordance with the details given in Figure 3.the transition shall be in accordance with the details given in Figure 3.



    

MSS MSS STANDARD STANDARD PRACTICE PRACTICE SP-75SP-75

1010

13.413.4  Angularity and Off Plane Angularity and Off Plane   The ends of fittings shalThe ends of fittings shall be cut in accordance with the toleranl be cut in accordance with the tolerances listedces listed

in Table 3.in Table 3.

13.513.5  Segmentable Elbows Segmentable Elbows When elbows are intended for segmenting in the field, they shall be When elbows are intended for segmenting in the field, they shall be furnishedfurnished

with a 1% with a 1% maximum out-of-round (OOR) based on the maximum out-of-round (OOR) based on the nominal mating pipe outside diameter throughoutnominal mating pipe outside diameter throughout

the length of the elbow. the length of the elbow. The inside diameter in all measured locatiThe inside diameter in all measured locations shall be no larger than the matingons shall be no larger than the mating

 pipe  pipe nominal inside nominal inside diameter diameter to to the the high high tolerance given tolerance given in in Table Table 3 3 based on based on circumferential readings.circumferential readings.

The outside or inside diameter and out-of-round shall be measured at both ends, the middle and at leastThe outside or inside diameter and out-of-round shall be measured at both ends, the middle and at least

every 22every 22

11

 ∕  ∕ 22 degrees of remaining elbow.  degrees of remaining elbow. Both ends of the elbow shall be stamped or paint marked “SEGM”Both ends of the elbow shall be stamped or paint marked “SEGM”to signify elbows are intto signify elbows are intended to be segmented. ended to be segmented. The requirements stated aboThe requirements stated above are requisite on shopve are requisite on shop

manufactured elbows before segmentingmanufactured elbows before segmenting. . To minimize the difficulties of elbow segmentTo minimize the difficulties of elbow segmenting in the field,ing in the field,

recommendations in Appendix X3 should be recommendations in Appendix X3 should be considered.considered.

13.613.6  Minimum Bore Minimum Bore Minimum bore throughout any fittings shall be at Minimum bore throughout any fittings shall be at least 93% of nominal pipe least 93% of nominal pipe insideinside

diameter, unless otherwise agreed between purchaser and manufacturer.diameter, unless otherwise agreed between purchaser and manufacturer.

14.14. MANUFACTUREMANUFACTURE

14.1 Fittings shall be manufactured in accordance with a documented Manufacturing Procedure14.1 Fittings shall be manufactured in accordance with a documented Manufacturing Procedure

Specification (MPS). Specification (MPS). If specified by the puIf specified by the purchaser, manufacturing shrchaser, manufacturing shall not proceed untall not proceed until the MPS hasil the MPS has

 been accepted by the purchaser. been accepted by the purchaser.

The MPS shall specify the The MPS shall specify the following items, as applicable:following items, as applicable:

a) a) For For the the starting starting material:material:

1) 1) Product Product form (seamlform (seamless oess or welr welded) anded) and did dimensions,mensions,

2) 2) Welding NDWelding NDE results, E results, if not coif not completed by mpleted by the fitting the fitting manufacturer;manufacturer;

 b)  b) For fitting manufacture:For fitting manufacture:

1) 1) Forming Forming method,method,

2) 2) Welding Welding procedure speciprocedure specification and fication and approval recordapproval record, if ap, if applicable,plicable,

3) 3) Heat Heat treatment treatment procedure procedure including including thermal thermal cycles,cycles,

4) 4) Machining Machining requirements,requirements,

5) 5) Inspection, Inspection, dimensions dimensions and and test test requirements,requirements,

6) 6) Proof Proof test test results results if if requested,requested,

7) Traceability;7) Traceability;

c) c) Additional Additional requirements srequirements such as uch as end preparatend preparation, coatingion, coating, and , and marking.marking.

14.2 14.2 Fittings may be made by forgiFittings may be made by forging, hammering, pressing, piercing, hammering, pressing, piercing, rolling, extrudingng, rolling, extruding, upsetting,, upsetting,

expanding, welding, or by a combiexpanding, welding, or by a combination of these operationsnation of these operations. . The forming procedure shall be so apThe forming procedure shall be so appliedplied

that it will not produce injurious defects in the that it will not produce injurious defects in the fittings.fittings.

14.2.1 14.2.1 Fabricated tees, Fabricated tees, elbows, and elbows, and other fittinother fittings employing gs employing circumferential or circumferential or intersection intersection welds, (e.g.welds, (e.g.

miter welds), are considered pipe fabrications, and miter welds), are considered pipe fabrications, and are not within the scope of are not within the scope of this Standard Practice.this Standard Practice.

14.3 14.3 All outlets NPS 2 and larAll outlets NPS 2 and larger shall be of integral contger shall be of integral contour type and ends of ouour type and ends of outlets shall match thetlets shall match the

 joining pipe or fitt joining pipe or fitting specified.ing specified.

14.414.4 Welding FabricationWelding Fabrication  

14.4.1 14.4.1 Seam-welded pipe Seam-welded pipe that is madthat is made in accordance e in accordance with an Awith an ASTM or API SpeciSTM or API Specification shall fication shall complycomply

with the welding requirements of the applicable material specificatwith the welding requirements of the applicable material specification. ion. All other welds, including thoseAll other welds, including those

used in the manufacture of other pipe or cylinders, shall be made by welders, welding operators, andused in the manufacture of other pipe or cylinders, shall be made by welders, welding operators, and

welding procedures qualified in accordance with the provisions of Section IX of welding procedures qualified in accordance with the provisions of Section IX of the ASME BPVC.the ASME BPVC.
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Qualified Welding Procedure Specifications (WPS), including those intended for repairs, and theirQualified Welding Procedure Specifications (WPS), including those intended for repairs, and their

associated Procedure Qualification Records (PQR) shall be available for review by the purchaser, ifassociated Procedure Qualification Records (PQR) shall be available for review by the purchaser, if

requested.requested.

14.4.2 The14.4.2 The   joints shall  joints shall be be furnished in furnished in accordance with accordance with the the requirements of requirements of Paragraph Paragraph UW-35 UW-35 (a) (a) ofof

Section VIII, Division 1 of the ASME BPVC.Section VIII, Division 1 of the ASME BPVC.

14.4.3 14.4.3 Welding shWelding shall be doall be done by an ne by an electric process, electric process, preferably by preferably by submerged arc.submerged arc.

14.4.4 14.4.4 All butt weldAll butt welds shall have full s shall have full penetration and be penetration and be done with at ldone with at least one pass from teast one pass from the inside.he inside.
Backing rings shall not be used.Backing rings shall not be used.

14.4.5 14.4.5 Grinding of Grinding of weld surfaces oweld surfaces or edges shall r edges shall be done in be done in such a manner such a manner as to not as to not reduce the wallreduce the wall

thickness to less than that permitted in Section 13.2.thickness to less than that permitted in Section 13.2.

14.4.6 14.4.6 Fillet welds shall hFillet welds shall have a full throat and, unless oave a full throat and, unless otherwise specified, the legs therwise specified, the legs shall be ofshall be of

approximately equal length.approximately equal length.

14.4.7 14.4.7 Welded-on braces, iWelded-on braces, if used, should f used, should be removed before hbe removed before heat treatment and teat treatment and the weld spot he weld spot shall beshall be

repaired and ground flush and smootrepaired and ground flush and smooth. h. However, when braces are required for heat treatment, they shHowever, when braces are required for heat treatment, they shallall

 be cut  be cut out and out and the surface the surface shall be shall be ground flush and ground flush and smooth after smooth after heat treatment. heat treatment. No welding No welding shall beshall be

 permitted after heat treatment. permitted after heat treatment.

14.4.8 14.4.8 Weld metal used Weld metal used in the construin the construction of fittinction of fittings shall be gs shall be suitable to meet suitable to meet the tensile-strengthe tensile-strength andth and

notch toughness requirements of Sections 8 and 11 when notch toughness requirements of Sections 8 and 11 when heat treated in accordance with Section 9.heat treated in accordance with Section 9.

14.514.5 Workmanship and FinishWorkmanship and Finish  

14.5.1 14.5.1 Fittings Fittings shall be shall be free of ifree of injurious defectnjurious defects and s and shall have shall have workmanlike fiworkmanlike finish. nish. The surface The surface finishfinish

shall allow the detection of imperfections that can be shall allow the detection of imperfections that can be disclosed by visual inspection.disclosed by visual inspection.

14.5.2 14.5.2 Injurious defects Injurious defects are defined as thosare defined as those encroaching upon e encroaching upon the minimum wall the minimum wall thickness as dthickness as definedefined

in Section 13.2. in Section 13.2. Injurious defects shalInjurious defects shall not be repaired without l not be repaired without purchaser approval.purchaser approval.

When approved by the purchaser, weld repair of injurious defects shall be done by a qualified weldingWhen approved by the purchaser, weld repair of injurious defects shall be done by a qualified welding

 procedure and an  procedure and an operator qualified in operator qualified in accordance with Section accordance with Section IX of IX of the ASME the ASME BPVC. BPVC. Defects shallDefects shall

 be  be completely completely removed removed with with verification verification by by magnetic magnetic particle particle (MP/MT) (MP/MT) or or liquid liquid penetrant penetrant (LP/LT)(LP/LT)

examination. examination. After repair, the surface shall be grounAfter repair, the surface shall be ground smooth to the original cod smooth to the original contour, volumetric NDEntour, volumetric NDE

inspected (see Section 15), and heat inspected (see Section 15), and heat treated in accordance with Section 9.treated in accordance with Section 9.

14.5.3 14.5.3 Sharp defects such Sharp defects such as notches, scratchas notches, scratches, scabs, seams, lapses, scabs, seams, laps, tears, or slivers , tears, or slivers that result in that result in a walla wall

thickness not less than permitted by Section 13.2 shall be removed by grinding, machining, or repairedthickness not less than permitted by Section 13.2 shall be removed by grinding, machining, or repaired

 by welding.  by welding. When repaired When repaired by welding, by welding, the defects muthe defects must be compst be completely removed letely removed and welding and welding performedperformed

 by a welder qualified sp by a welder qualified specifically for repair weldiecifically for repair welding, as per Section 14.4.1. ng, as per Section 14.4.1. Such repair welding sSuch repair welding shall behall be

ground flush with the surface and all wground flush with the surface and all welding shall be done before final heat treatmentelding shall be done before final heat treatment. . Stress relievingStress relieving

may be used as the may be used as the final heat treatment after repair welding provided the fitting has previously undergonefinal heat treatment after repair welding provided the fitting has previously undergone

a heat treatment in accordance with Section 9 and the base material and welds meet the mechanicala heat treatment in accordance with Section 9 and the base material and welds meet the mechanical

 properties of Sections 8  properties of Sections 8 and 11 after and 11 after the entire thermal the entire thermal cycle. cycle. Repair welding shall be Repair welding shall be done with a done with a lowlow

hydrogen process.hydrogen process.
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15.15. NONDESTRUCTIVE EXAMINATION (NDE)NONDESTRUCTIVE EXAMINATION (NDE)

15.115.1  Radiographic Exami Radiographic Examination (RT)nation (RT)   Unless Unless otherwise otherwise agreed betwagreed between purchaseen purchaser and er and manufacturermanufacturer

(see Appendix X1 SR-15), all butt welds shall be radiographically examined (RT) in accordance with(see Appendix X1 SR-15), all butt welds shall be radiographically examined (RT) in accordance with

ASME BPVC, Section V, Article 2, using fine grain film and lead screens. ASME BPVC, Section V, Article 2, using fine grain film and lead screens. Longitudinal weld seams shallLongitudinal weld seams shall

meet the acceptance standards in ASME BPVC, Section VIII, Division 1.meet the acceptance standards in ASME BPVC, Section VIII, Division 1.

15.215.2  Magnetic Particle (M Magnetic Particle (MP/MT) or UltrasoP/MT) or Ultrasonic (UT) Examinationnic (UT) Examination   Magnetic Magnetic particle particle (MP/MT) (MP/MT) oror

ultrasonic (UT) examination shall be used for the examination of all fillet welds and all other welds whereultrasonic (UT) examination shall be used for the examination of all fillet welds and all other welds where

it is impossible oit is impossible or impractical to use RT examinatr impractical to use RT examination. ion. Methods and acceptance stMethods and acceptance standards shall be byandards shall be by

agreement between the manufacturer and purchaser.agreement between the manufacturer and purchaser.

15.315.3  Magnetic Particle (M Magnetic Particle (MP/MT) or Liquid PenetrP/MT) or Liquid Penetrant (LP/PT) Examinatiant (LP/PT) Examinationon   All All butt-weld butt-weld teestees

manufactured by cold-forming method(s) shall be subjected to magnetic particle (MP/MT) or liquid/dyemanufactured by cold-forming method(s) shall be subjected to magnetic particle (MP/MT) or liquid/dye

 penetrant (LP/PT) examinat penetrant (LP/PT) examination. ion. This examination This examination shall be performed after fishall be performed after final heat treatment. nal heat treatment. Only theOnly the

side wall area of the tees side wall area of the tees need be examined. need be examined. This area is definThis area is defined by a circle thated by a circle that

    

covers the area from thecovers the area from the

weld bevel of the branch outlet to the center line of the body or runweld bevel of the branch outlet to the center line of the body or run. . Internal and external surfaces shallInternal and external surfaces shall

 be examined, when size  be examined, when size permits accessibilipermits accessibility. ty. No cracks shall No cracks shall be permitted. be permitted. Other imperfections Other imperfections shall beshall be

treated in accordance wtreated in accordance with Section 14ith Section 14.5. .5. Acceptable tees shAcceptable tees shall be marked wiall be marked with the symbol th the symbol “MT” to“MT” to

designate magnetic particle examination, or with “PT” to designate liquid/dye penetrant examination, asdesignate magnetic particle examination, or with “PT” to designate liquid/dye penetrant examination, as

applicable, to applicable, to indicate complianindicate compliance. ce. Nondestructive Nondestructive examination persexamination personnel and ponnel and procedures shall rocedures shall bebe

qualified in accordance with ASME BPVC, Section V.qualified in accordance with ASME BPVC, Section V.

16.16. QUALITY CONTROLQUALITY CONTROL  

16.1 16.1 The manufacturer shall The manufacturer shall have a quality cohave a quality control (QC) program that ntrol (QC) program that ensures the fittiensures the fitting conforms to alng conforms to alll

the requirements of this standard, unlthe requirements of this standard, unless otherwise permitted in Section 1.4. ess otherwise permitted in Section 1.4. This program shall controlThis program shall control

the manufacturing process, heat treat process, testing, inspection, material traceability from startingthe manufacturing process, heat treat process, testing, inspection, material traceability from starting

material to final productmaterial to final product, and documentation necess, and documentation necessary to be in full complianary to be in full compliance with this standard. ce with this standard. TheThe

control and verification of sub-supplier activities (e.g. steelmaking, forming, heat treatment, inspection,control and verification of sub-supplier activities (e.g. steelmaking, forming, heat treatment, inspection,

etc.) shall be the responsibility of the manufacturer.etc.) shall be the responsibility of the manufacturer.

16.216.2  Inspector Inspector At all times while work on the At all times while work on the contract of the purchaser is being performed, contract of the purchaser is being performed, the inspectorthe inspector

representing the purchaser shall have free entry to all parts of the representing the purchaser shall have free entry to all parts of the manufacturer’s facilities that involve themanufacturer’s facilities that involve the

manufacture of the ordered fittinmanufacture of the ordered fittings. gs. All reasonable access to faciliAll reasonable access to facilities shall be afforded to satisties shall be afforded to satisfy thefy the

inspector that the proinspector that the product is being furnishduct is being furnished in accordance with thesed in accordance with these specifications. e specifications. All tests andAll tests and

inspections called for by these specifications will be made in the manufacturer’s plant prior to shipmentinspections called for by these specifications will be made in the manufacturer’s plant prior to shipment

and at the manufacturer’s expense unless otherwise specified and shall be so conducted as not and at the manufacturer’s expense unless otherwise specified and shall be so conducted as not to interfereto interfere
unnecessarily with the operations of the manufacturer’s plant.unnecessarily with the operations of the manufacturer’s plant.

16.316.3  Inspection Test Plan (ITP Inspection Test Plan (ITP))   The inspectioThe inspection and testn and testing to bing to be performed durine performed during qualificatiog qualification andn and

 production  production shall bshall be as e as summarized isummarized in Section n Section 16.3.1. 16.3.1. When requWhen requested, hested, hold poold points by ints by the puthe purchaser shorchaser shoulduld

 be identified on a submit be identified on a submitted ITP plan.ted ITP plan.
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16.3.116.3.1  Inspection Test Plan Requi Inspection Test Plan Requirementsrements   See the chart below:See the chart below:

INSPECTION TEST PLAN REQUIREMENTSINSPECTION TEST PLAN REQUIREMENTS

Type of TestType of Test

Mandatory Requirements:Mandatory Requirements:
Section, Section, Appendix Appendix XI XI SR SR Number Number of of TestsTests

Chemical Chemical Analysis Analysis – – base base metal metal 7.1 7.1 1 1 per per heatheat

Tensile Tensile – – base base metal metal 8.4 8.4 1 1 per per lotlot

Tensile Tensile – – weld weld 8.5 8.5 1 1 per per lotlot

Impact Impact Testing Testing – – base base metal metal & & weld weld 11.2 11.2 2 2 sets sets of of 33

Visual Visual Inspection Inspection 14.5 14.5 Each Each fittingfitting

RT/UT RT/UT – – weld weld seam seam 15.1, 15.1, SR-15 SR-15 100% 100% of of all all weldswelds

MP(MT) MP(MT) / / LP(PT) LP(PT) – – cold cold formed formed tees tees 15.3 15.3 Each Each teetee

Dimensional Dimensional Checks Checks 12 12 & & Tables Tables 3 3 to to 9 9 Per Per MPSMPS

Type of TestType of Test

If specified by purchaser:If specified by purchaser:  
Section, Section, Appendix Appendix XI XI SR SR Number Number of of TestsTests

Chemical Chemical Analysis Analysis – – weld weld metal metal combination combination SR-13 SR-13 Each Each filler filler metal/fluxmetal/flux

Impacts Impacts – – weld weld seam seam HAZ HAZ SR-17 SR-17 By By agreementagreement

Hardness Hardness Test Test – – base/weld base/weld metal metal SR-22 SR-22 1 1 per per lot lot or or each each fittingfitting

Underbead Underbead Crack Crack Test Test SR-1 SR-1 Per Per heatheat

Guided-Bend Guided-Bend Test Test – – weld weld SR-2 SR-2 2 2 per per lotlot

MP(MT) MP(MT) / / UT UT – – welds welds 15.2 15.2 Only Only if if RT RT not not practicalpractical

MP(MT) MP(MT) / / LP(PT) LP(PT) End End Bevels Bevels SR-14 SR-14 Each Each end end or or by by agreementagreement

UT UT Fitting Fitting Body Body SR-8 SR-8 Each Each fitting fitting or or by by agreementagreement

Sour Sour Gas Gas Applications Applications SR-4 SR-4 Per Per Customer Customer POPO

 No Repair Weld  No Repair Weld SR-11 SR-11 By agreementBy agreement

 No Wall Substituti No Wall Substitution on 8.1.1 8.1.1 By agreementBy agreement

API API 5L 5L PSL2 PSL2 Complementary Complementary Requirements Requirements SR-24 SR-24 By By agreementagreement

16.416.4 Certified Material Test Report (CMTR)Certified Material Test Report (CMTR)  A Certified Material Test Report A Certified Material Test Report shall be furnished statingshall be furnished stating

that the fitting is in full compliance with this specification, unless otherwise permitted (see Section 1.4),that the fitting is in full compliance with this specification, unless otherwise permitted (see Section 1.4),

and includes the following:and includes the following:

a) a) The actual results of the chemical heat (ladle) and product anThe actual results of the chemical heat (ladle) and product analysis, including carbon equalysis, including carbon equivalent,ivalent,

see Section 7;see Section 7;

 b)  b) The The mechanical mechanical properties properties of of each each lot lot of of fittings fittings and and tensile tensile strength strength of of weld weld (if (if applicable),applicable),
including specimen size and orientation, see Section 8;including specimen size and orientation, see Section 8;

c) Notch-toughness properties of all specimens, including specimen size, orientation, and testc) Notch-toughness properties of all specimens, including specimen size, orientation, and test

temperature, see Section 11;temperature, see Section 11;

d) d) Heat treatment used, including temperatures and tempering holHeat treatment used, including temperatures and tempering hold times, see Section 9;d times, see Section 9;

e) e) Nondestructive examinatNondestructive examination results as applicablion results as applicable, see Section 15;e, see Section 15;

f) f) Any special or Any special or supplemental tests supplemental tests required by the required by the purchase order;purchase order;

g) g) The CMTR shall include a part description that matches the marking on the part;The CMTR shall include a part description that matches the marking on the part;

h) h) Any applicable customer specification may be listed on the CMTR;Any applicable customer specification may be listed on the CMTR;

i) i) Unless otherwise specified, the latest edition Unless otherwise specified, the latest edition of MSS SP-75 shall of MSS SP-75 shall apply and be indicated apply and be indicated on the CMTR;on the CMTR;

 j)  j) Name and location of startinName and location of starting material manufacturer with heat ng material manufacturer with heat number;umber;

k) Name and location of all entities used to perform any forming operation, welding, and heatk) Name and location of all entities used to perform any forming operation, welding, and heat
treatment for the fitting.treatment for the fitting.
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16.516.5  Records Retention Records Retention   Records for Records for the items the items listed ilisted in Section n Section 16.4, and 16.4, and as required as required per Section per Section 16.1,16.1,

shall be retained by the Manufacturer for a minimum period of three years from the date of the purchaseshall be retained by the Manufacturer for a minimum period of three years from the date of the purchase

order and be made available to the Purchaser upon request.order and be made available to the Purchaser upon request.

17.17. MARKINGMARKING

17.1 17.1 All fittings furnisAll fittings furnished under this hed under this Standard Practice shall be Standard Practice shall be clearly defined on clearly defined on the outside diameter the outside diameter withwith

the following information marked using low-stress die stamps or interrupted-dot stamps, except as noted:the following information marked using low-stress die stamps or interrupted-dot stamps, except as noted:

a) a) Manufacturer’s name Manufacturer’s name or trademarkor trademark

 b)  b) Nominal wall thicknesNominal wall thickness of fittings at bevel ends of fittings at bevel endss

 In the  In the case of case of unequal thicknunequal thickness, as ess, as in Section in Section 8.1.1, the 8.1.1, the actual wall actual wall thickness of thickness of the fittinthe fitting at theg at the

bevel ends shall be identified.bevel ends shall be identified.  

c) c) Respective grade as Respective grade as given in Tablgiven in Table 2e 2  

 In the case of u In the case of unequal yield strengnequal yield strength, as in Sectioth, as in Section 8.1.1, both the n 8.1.1, both the minimum-testminimum-tested yielded yield

 strength of the f strength of the fitting and the sitting and the specified minimpecified minimum yield strengtum yield strength of the pipe shalh of the pipe shall be identified,l be identified,

 for example; for example;

WPHY60/WPHY60/ X  X 7070

The designation “WPHY” represents marking for The designation “WPHY” represents marking for fittings, “X” variable represents marking forfittings, “X” variable represents marking for

mating pipe grade.mating pipe grade.  

d) Heat code identityd) Heat code identity

e) Sizee) Size

(1)(1)

f) “SEGM”f) “SEGM”(1)(1) when appropriate, see Section  when appropriate, see Section 13.513.5

g) “CE”g) “CE”(1)(1) if greater than 0.42% if greater than 0.42%

h) h) “PART” for partial compliance fitting if applicable, see Section 1.4.1“PART” for partial compliance fitting if applicable, see Section 1.4.1

i) i) Preheat conditioPreheat conditions if applns if applicable, see Sectiicable, see Section 6.4on 6.4

 j)  j) “PT” or “MT” as applicable, see Section 15“PT” or “MT” as applicable, see Section 15.3.3

k) “SOUR”k) “SOUR”(1)(1) if applicable if applicable

l) l) For fittings ordFor fittings ordered as PSL2, marking ered as PSL2, marking shall include shall include “PSL2” after the grade “PSL2” after the grade (see SR-24)(see SR-24)

Any deviation from these mandatory requirements will need agreement between manufacturerAny deviation from these mandatory requirements will need agreement between manufacturer

and purchaser.and purchaser.

17.2 17.2 In additioIn addition to n to the above, the above, extruded hextruded headers shall eaders shall also inclalso include the ude the following following information:information:

a) Design pressurea) Design pressure

 b)  b) TemperatureTemperature

c) c) Per applicable Per applicable ASME B31 CoASME B31 Codede

SUPPLEMENTARY INFORMATION:SUPPLEMENTARY INFORMATION:Appendices X1 (Appendices X1 (Supplementary RequirementsSupplementary Requirements), X2 (), X2 ( Longitudinal-B Longitudinal-Beadead

Underbead Cracking Test Underbead Cracking Test ), and X3 (), and X3 ( Recommendation Recommendations for Segmenting s for Segmenting ) are “supplemental information” and located) are “supplemental information” and located

after the normative text (including Tables and Annex A), starting on after the normative text (including Tables and Annex A), starting on page 34.page 34.

NOTE:NOTE: (1) (1) At the option of the manufacturer, this informatiAt the option of the manufacturer, this information may be paint stenciled in lieu of die stamping.on may be paint stenciled in lieu of die stamping.
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FIGURE 1FIGURE 1
Recommended Bevel for Wall Thicknesses (T) at End of Fitting, 0.75 in.Recommended Bevel for Wall Thicknesses (T) at End of Fitting, 0.75 in. (a)(a) or less or less

NOTES:NOTES:

(a) (a) Or 1 in. Or 1 in. at the optat the option of the ion of the manufacturer.manufacturer.

(b) (b) Fittings NPS 24 aFittings NPS 24 and smaller may nd smaller may be furnished witbe furnished with 37½°h 37½° ±± 2½° bevel, 2½° bevel,

at the option of at the option of the manufacturer.the manufacturer.

FIGURE 2FIGURE 2

Recommended Bevel for Wall Thicknesses (T) at End of Fitting, Greater than 0.75 in.Recommended Bevel for Wall Thicknesses (T) at End of Fitting, Greater than 0.75 in.   
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GENERAL NOTE:GENERAL NOTE: When the minimum-specified yield strengths of the sections to be joined are unequal, the When the minimum-specified yield strengths of the sections to be joined are unequal, the
deposited weld metal shall have mechanical properties at least equal to those of the section having the higherdeposited weld metal shall have mechanical properties at least equal to those of the section having the higher

strength, and then the nominal fitting thicknessstrength, and then the nominal fitting thickness f f  shall  shall at least at least equal the equal the nominal pnominal pipe wall ipe wall thickness thickness times ttimes thehe
ratio of minimum-specified yield strength of pipe and fitting. See Section 8.1.1.ratio of minimum-specified yield strength of pipe and fitting. See Section 8.1.1.

FIGURES 3(a), 3(b), and 3(c)FIGURES 3(a), 3(b), and 3(c)

Acceptable Design for Unequal Wall ThicknessAcceptable Design for Unequal Wall Thickness (See Section 8.1.1)(See Section 8.1.1)

Pipe Pipe Wall Wall Thickness Thickness Test Test Specimen Specimen Thickness Thickness (in.)(in.)

Up to 0.375 Up to 0.375 in. incl. in. incl. . . . .. . . .

Over Over 0.375 0.375 in. in. . . . . . . . . . . . . . . . . 0.375 0.375 in.in.

FIGURE 4FIGURE 4

Transverse Face and Root-Bend Test SpecimensTransverse Face and Root-Bend Test Specimens
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Guided-Bend Test Jig DimensionsGuided-Bend Test Jig Dimensions

WPHY Grade of SteelWPHY Grade of Steel

42 42 46 46 52, 52, 56 56 60, 60, 65, 65, 70, 70, 8080

Radius of male member, R Radius of male member, R AA   . . . . . . . . . . 3T 3T 3311 ∕  ∕ 22T 4T 4T 4T 411 ∕  ∕ 22TT
Radius of female member, R Radius of female member, R BB   . . . . . . . . 4T 4T + + 0.06 0.06 in. in. 4411 ∕  ∕ 22T T + + 0.06 0.06 in. in. 5T 5T + + 0.06 0.06 in. in. 5511 ∕  ∕ 22T + 0.06 in.T + 0.06 in.

Width Width of of male male member, member, A A . . . . . . . . . . 6T 6T 7T 7T 8T 8T 9T9T

Width Width of of groove groove in in female female member, member, B B . . . . 8T 8T + + 0.12 0.12 in. in. 9T 9T + + 0.0.12 12 inin. . 10T 10T + + 0.12 0.12 in. in. 11T 11T + + 0.12 0.12 in.in.

T = Specimen Wall ThicknessT = Specimen Wall Thickness

FIGURE 5FIGURE 5

Guided-Bend Test JigGuided-Bend Test Jig
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TABLE 1TABLE 1

Maximum Limit of Chemical ElementsMaximum Limit of Chemical Elements

Element Element (% (% Max Max or or Range)Range)

Carbon (C)Carbon (C)

Manganese (Mn)Manganese (Mn)

Phosphorus (P)Phosphorus (P)
Sulphur (S)Sulphur (S)

Copper (Cu)Copper (Cu)

 Nickel (Ni) Nickel (Ni)

Silicon (Si)Silicon (Si)

Chromium (Cr)Chromium (Cr)

Molybdenum (Mo)Molybdenum (Mo)

Vanadium (V)Vanadium (V)

 Niobium (Columbium) (Nb Niobium (Columbium) (Nb))

Titanium (Ti)Titanium (Ti)

Boron (B) – Product Boron (B) – Product AnalysisAnalysis

Boron (B) – Heat Boron (B) – Heat (ladle) Analysis(ladle) Analysis

Aluminum (Al)Aluminum (Al) (a)(a)  

0.250.25

1.601.60

0.0250.025
0.0150.015

0.450.45

0.500.50

0.15 – 0.450.15 – 0.45

0.250.25

0.250.25

0.110.11

0.100.10

0.040.04

0.0010.001

0.00050.0005

0.02 – 0.060.02 – 0.06

GENERAL NOTE:GENERAL NOTE: Elements not mentioned in this table shall not be addedElements not mentioned in this table shall not be added

intentionally without the purchaser's approval except for elements that may beintentionally without the purchaser's approval except for elements that may be
added for deoxidatiadded for deoxidation and finishing of ton and finishing of the heat. he heat. This table is nThis table is not intended toot intended to

represent the composition of any heat of steel, but represent the composition of any heat of steel, but merely to record the maximummerely to record the maximum

 permissible amounts  permissible amounts of of an an element. element. The The combination of combination of elements of elements of any any heatheat

must conform to carbon equivalent, Sectmust conform to carbon equivalent, Section 7.3. ion 7.3. The product analysis results shallThe product analysis results shall
not exceed the limits in Table 1 not exceed the limits in Table 1 for the specified element.for the specified element.

NOTE:NOTE: (a) Range only  (a) Range only applies to aluminum killedapplies to aluminum killed  steelsteel..

TABLE 2TABLE 2

Tensile RequirementsTensile Requirements  

GradeGrade
(WPHY)(WPHY)

Yield StrengthYield Strength

Min. psiMin. psi

Tensile Strength, Min. psiTensile Strength, Min. psi   
MinimumMinimum

ElongationElongation

(%, in 2 in.)(%, in 2 in.)All ThicknessesAll Thicknesses  

4242

4646

5252

5656

6060

6565

7070

8080

42 00042 000

46 00046 000

52 00052 000

56 00056 000

60 00060 000

65 00065 000

70 00070 000

80 00080 000

60 00060 000

63 00063 000

66 00066 000

71 00071 000

75 00075 000

77 00077 000

82 00082 000

90 00090 000

2525

2525

2525

2020

2020

2020

1818
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GENERAL NOTE:GENERAL NOTE: The tensile requirements for intermediate grades shall be obtained by linear The tensile requirements for intermediate grades shall be obtained by linear

interpolation between those specifiinterpolation between those specified for standard grades. ed for standard grades. The minimum elongation value shallThe minimum elongation value shall

 be as given in th be as given in the Table for next e Table for next higher standard grahigher standard grade.de.  
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TABLE 4TABLE 4

Dimensions of ElbowsDimensions of Elbows

Dimensions are in inchesDimensions are in inches

NPSNPS

OutsideOutside

DiameterDiameter

at Bevelat Bevel

Center-to-EndCenter-to-End

ShortShort

RadiusRadius
Long Long Radius Radius 3 3 RadiusRadius

90° 90° - - A A 45° 45° - - B B 90° 90° - - A A 45° 45° - - B B 90° 90° - - AA

16 16 16.00 16.00 16.00 16.00 10.00 10.00 24.00 24.00 19.88 19.88 48.0048.00

18 18 18.00 18.00 18.00 18.00 11.25 11.25 27.00 27.00 22.38 22.38 54.0054.00

20 20 20.00 20.00 20.00 20.00 12.50 12.50 30.00 30.00 24.88 24.88 60.0060.00

22 22 22.00 22.00 22.00 22.00 13.50 13.50 33.00 33.00 27.31 27.31 66.0066.00

24 24 24.00 24.00 24.00 24.00 15.00 15.00 36.00 36.00 29.81 29.81 72.0072.00

26 26 26.00 26.00 26.00 26.00 16.00 16.00 39.00 39.00 32.31 32.31 78.0078.00

28 28 28.00 28.00 28.00 28.00 17.25 17.25 42.00 42.00 34.75 34.75 84.0084.00

30 30 30.00 30.00 30.00 30.00 18.50 18.50 45.00 45.00 37.25 37.25 90.0090.00

32 32 32.00 32.00 32.00 32.00 19.75 19.75 48.00 48.00 39.75 39.75 96.0096.00

34 34 34.00 34.00 34.00 34.00 21.00 21.00 51.00 51.00 42.25 42.25 102.00102.00

36 36 36.00 36.00 36.00 36.00 22.25 22.25 54.00 54.00 44.69 44.69 108.00108.00

38 38 38.00 38.00 38.00 38.00 23.62 23.62 57.00 57.00 47.25 47.25 114.00114.00

40 40 40.00 40.00 40.00 40.00 24.88 24.88 60.00 60.00 49.75 49.75 120.00120.00

42 42 42.00 42.00 42.00 42.00 26.00 26.00 63.00 63.00 52.19 52.19 126.00126.00

44 44 44.00 44.00 44.00 44.00 27.38 27.38 66.00 66.00 54.69 54.69 132.00132.00
46 46 46.00 46.00 46.00 46.00 28.62 28.62 69.00 69.00 57.19 57.19 138.00138.00

48 48 48.00 48.00 48.00 48.00 29.88 29.88 72.00 72.00 59.69 59.69 144.00144.00

50 50 50.00 50.00 50.00 50.00 31.00 31.00 75.00 75.00 62.12 62.12 150.00150.00

52 52 52.00 52.00 52.00 52.00 32.25 32.25 78.00 78.00 64.62 64.62 156.00156.00

54 54 54.00 54.00 54.00 54.00 33.50 33.50 81.00 81.00 67.12 67.12 162.00162.00

56 56 56.00 56.00 56.00 56.00 34.75 34.75 84.00 84.00 69.56 69.56 168.00168.00

58 58 58.00 58.00 58.00 58.00 36.00 36.00 87.00 87.00 72.06 72.06 174.00174.00

60 60 60.00 60.00 60.00 60.00 37.25 37.25 90.00 90.00 74.56 74.56 180.00180.00

GENERALGENERAL  NOTE:NOTE: The B dimensions for other angles The B dimensions for other angles not listed in the tablenot listed in the table
shall be determined as follows:shall be determined as follows:

Where:Where:

= = Center-to-End Center-to-End dimension for dimension for any angle elany angle elbow not covbow not covered in Tablered in Table 4;e 4;

= = Dimension Dimension AA  for appropriate 90-deg elbow in Table 4;for appropriate 90-deg elbow in Table 4;= = Angle Angle of of elbow.elbow.



    

MSS MSS STANDARD STANDARD PRACTICE PRACTICE SP-75SP-75

2121

TABLE 5TABLE 5

Dimensions of Reducing ElbowsDimensions of Reducing Elbows

Dimensions are in inchesDimensions are in inches   Dimensions are in inchesDimensions are in inches  

NPSNPS

Outside DiameterOutside Diameter

at Bevelat Bevel
Center-to-EndCenter-to-End

NPSNPS

Outside DiameterOutside Diameter

at Bevelat Bevel
Center-to-EndCenter-to-End

LargeLarge

EndEnd
Small Small End End 90° 90° - - AA

LargeLarge

EndEnd
Small Small End End 90° 90° - - AA

16 16 x x 8 8 16.00 16.00 8.63 8.63 24.00 24.00 28 28 x x 14 14 28.00 28.00 14.00 14.00 42.0042.00
16 16 x x 10 10 16.00 16.00 10.75 10.75 24.00 24.00 28 28 x x 16 16 28.00 28.00 16.00 16.00 42.0042.00

16 16 x x 12 12 16.00 16.00 12.75 12.75 24.00 24.00 28 28 x x 18 18 28.00 28.00 18.00 18.00 42.0042.00

16 16 x x 14 14 16.00 16.00 14.00 14.00 24.00 24.00 28 28 x x 20 20 28.00 28.00 20.00 20.00 42.0042.00

18 x 1018 x 10   18.0018.00   10.7510.75   27.0027.00   28 28 x x 22 22 28.00 28.00 22.00 22.00 42.0042.00

18 18 x x 12 12 18.00 18.00 12.75 12.75 27.00 27.00 28 28 x x 24 24 28.00 28.00 24.00 24.00 42.0042.00

18 18 x x 14 14 18.00 18.00 14.00 14.00 27.00 27.00 28 28 x x 26 26 28.00 28.00 26.00 26.00 42.0042.00

18 18 x x 16 16 18.00 18.00 16.00 16.00 27.00 27.00 30 30 x x 1616   30.0030.00   16.0016.00   45.0045.00  

20 20 x x 10 10 20.00 20.00 10.75 10.75 30.00 30.00 30 30 x x 18 18 30.00 30.00 18.00 18.00 45.0045.00

20 x 1220 x 12   20.0020.00   12.7512.75   30.0030.00   30 30 x x 20 20 30.00 30.00 20.00 20.00 45.0045.00

20 20 x x 14 14 20.00 20.00 14.00 14.00 30.00 30.00 30 30 x x 22 22 30.00 30.00 22.00 22.00 45.0045.00

20 20 x x 16 16 20.00 20.00 16.00 16.00 30.00 30.00 30 30 x x 24 24 30.00 30.00 24.00 24.00 45.0045.00

20 20 x x 18 18 20.00 20.00 18.00 18.00 30.00 30.00 30 30 x x 26 26 30.00 30.00 26.00 26.00 45.0045.00

22 22 x x 12 12 22.00 22.00 12.75 12.75 33.00 33.00 30 30 x x 28 28 30.00 30.00 28.00 28.00 45.0045.00

22 22 x x 14 14 22.00 22.00 14.00 14.00 33.00 33.00 32 32 x x 16 16 32.00 32.00 16.00 16.00 48.0048.00

22 x 1622 x 16   22.0022.00   16.0016.00   33.0033.00   32 x 1832 x 18   32.0032.00   18.0018.00   48.0048.00  

22 22 x x 18 18 22.00 22.00 18.00 18.00 33.00 33.00 32 32 x x 20 20 32.00 32.00 20.00 20.00 48.0048.00
22 22 x x 20 20 22.00 22.00 20.00 20.00 33.00 33.00 32 32 x x 22 22 32.00 32.00 22.00 22.00 48.0048.00

24 24 x x 12 12 24.00 24.00 12.75 12.75 36.00 36.00 32 32 x x 24 24 32.00 32.00 24.00 24.00 48.0048.00

24 24 x x 14 14 24.00 24.00 14.00 14.00 36.00 36.00 32 32 x x 26 26 32.00 32.00 26.00 26.00 48.0048.00

24 24 x x 16 16 24.00 24.00 16.00 16.00 36.00 36.00 32 32 x x 28 28 32.00 32.00 28.00 28.00 48.0048.00

24 x 1824 x 18   24.0024.00   18.0018.00   36.0036.00   32 32 x x 30 30 32.00 32.00 30.00 30.00 48.0048.00

24 24 x x 20 20 24.00 24.00 20.00 20.00 36.00 36.00 34 34 x x 18 18 34.00 34.00 18.00 18.00 51.0051.00

24 24 x x 22 22 24.00 24.00 22.00 22.00 36.00 36.00 34 34 x x 20 20 34.00 34.00 20.00 20.00 51.0051.00

26 26 x x 14 14 26.00 26.00 14.00 14.00 39.00 39.00 34 34 x x 2222   34.0034.00   22.0022.00   51.0051.00  

26 26 x x 16 16 26.00 26.00 16.00 16.00 39.00 39.00 34 34 x x 24 24 34.00 34.00 24.00 24.00 51.0051.00

26 26 x x 18 18 26.00 26.00 18.00 18.00 39.00 39.00 34 34 x x 26 26 34.00 34.00 26.00 26.00 51.0051.00

26 26 x x 20 20 26.00 26.00 20.00 20.00 39.00 39.00 34 34 x x 28 28 34.00 34.00 28.00 28.00 51.0051.00

26 x 2226 x 22   26.0026.00   22.0022.00   39.0039.00   34 34 x x 30 30 34.00 34.00 30.00 30.00 51.0051.00

26 26 x x 24 24 26.00 26.00 24.00 24.00 39.00 39.00 34 34 x x 32 32 34.00 34.00 32.00 32.00 51.0051.00

((continued on next pagecontinued on next page))

The data in this table has been reorderedThe data in this table has been reordered

from lowest to highest NPS values.from lowest to highest NPS values.
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TABLE 5TABLE 5

(c(continued ontinued ))

Dimensions of Reducing ElbowsDimensions of Reducing Elbows

Dimensions are in inchesDimensions are in inches   Dimensions are in inchesDimensions are in inches  

NPSNPS

Outside DiameterOutside Diameter

at Bevelat Bevel
Center-to-EndCenter-to-End

NPSNPS

Outside DiameterOutside Diameter

at Bevelat Bevel
Center-to-EndCenter-to-End

LargeLarge
EndEnd

Small Small End End 90° 90° - - AA LargeLarge
EndEnd

Small Small End End 90° 90° - - AA

36 36 x x 18 18 36.00 36.00 18.00 18.00 54.00 54.00 46 46 x x 24 24 46.00 46.00 24.00 24.00 69.0069.00

36 36 x x 20 20 36.00 36.00 20.00 20.00 54.00 54.00 46 46 x x 26 26 46.00 46.00 26.00 26.00 69.0069.00

36 36 x x 22 22 36.00 36.00 22.00 22.00 54.00 54.00 46 46 x x 28 28 46.00 46.00 28.00 28.00 69.0069.00

36 36 x x 24 24 36.00 36.00 24.00 24.00 54.00 54.00 46 46 x x 30 30 46.00 46.00 30.00 30.00 69.0069.00

36 36 x x 26 26 36.00 36.00 26.00 26.00 54.00 54.00 46 46 x x 32 32 46.00 46.00 32.00 32.00 69.0069.00

36 36 x x 28 28 36.00 36.00 28.00 28.00 54.00 54.00 46 46 x x 34 34 46.00 46.00 34.00 34.00 69.0069.00

36 36 x x 30 30 36.00 36.00 30.00 30.00 54.00 54.00 46 46 x x 36 36 46.00 46.00 36.00 36.00 69.0069.00

36 36 x x 32 32 36.00 36.00 32.00 32.00 54.00 54.00 46 46 x x 38 38 46.00 46.00 38.00 38.00 69.0069.00

36 36 x x 34 34 36.00 36.00 34.00 34.00 54.00 54.00 46 46 x x 40 40 46.00 46.00 40.00 40.00 69.0069.00

38 38 x x 20 20 38.00 38.00 20.00 20.00 57.00 57.00 46 46 x x 42 42 46.00 46.00 42.00 42.00 69.0069.00

38 38 x x 22 22 38.00 38.00 22.00 22.00 57.00 57.00 46 46 x x 44 44 46.00 46.00 44.00 44.00 69.0069.00

38 38 x x 24 24 38.00 38.00 24.00 24.00 57.00 57.00 48 48 x x 24 24 48.00 48.00 24.00 24.00 72.0072.00

38 38 x x 26 26 38.00 38.00 26.00 26.00 57.00 57.00 48 48 x x 26 26 48.00 48.00 26.00 26.00 72.0072.00

38 38 x x 28 28 38.00 38.00 28.00 28.00 57.00 57.00 48 48 x x 28 28 48.00 48.00 28.00 28.00 72.0072.00

38 38 x x 30 30 38.00 38.00 30.00 30.00 57.00 57.00 48 48 x x 30 30 48.00 48.00 30.00 30.00 72.0072.0038 38 x x 32 32 38.00 38.00 32.00 32.00 57.00 57.00 48 48 x x 32 32 48.00 48.00 32.00 32.00 72.0072.00

38 38 x x 34 34 38.00 38.00 34.00 34.00 57.00 57.00 48 48 x x 34 34 48.00 48.00 34.00 34.00 72.0072.00

38 38 x x 36 36 38.00 38.00 36.00 36.00 57.00 57.00 48 48 x x 36 36 48.00 48.00 36.00 36.00 72.0072.00

40 40 x x 20 20 40.00 40.00 20.00 20.00 60.00 60.00 48 48 x x 38 38 48.00 48.00 38.00 38.00 72.0072.00

40 40 x x 22 22 40.00 40.00 22.00 22.00 60.00 60.00 48 48 x x 40 40 48.00 48.00 40.00 40.00 72.0072.00

40 40 x x 24 24 40.00 40.00 24.00 24.00 60.00 60.00 48 48 x x 42 42 48.00 48.00 42.00 42.00 72.0072.00

40 40 x x 26 26 40.00 40.00 26.00 26.00 60.00 60.00 48 48 x x 44 44 48.00 48.00 44.00 44.00 72.0072.00

40 40 x x 28 28 40.00 40.00 28.00 28.00 60.00 60.00 48 48 x x 46 46 48.00 48.00 46.00 46.00 72.0072.00

40 40 x x 30 30 40.00 40.00 30.00 30.00 60.00 60.00 50 50 x x 26 26 50.00 50.00 26.00 26.00 75.0075.00

40 40 x x 32 32 40.00 40.00 32.00 32.00 60.00 60.00 50 50 x x 28 28 50.00 50.00 28.00 28.00 75.0075.00

40 40 x x 34 34 40.00 40.00 34.00 34.00 60.00 60.00 50 50 x x 30 30 50.00 50.00 30.00 30.00 75.0075.00

40 40 x x 36 36 40.00 40.00 36.00 36.00 60.00 60.00 50 50 x x 32 32 50.00 50.00 32.00 32.00 75.0075.00

40 40 x x 38 38 40.00 40.00 38.00 38.00 60.00 60.00 50 50 x x 34 34 50.00 50.00 34.00 34.00 75.0075.00

42 42 x x 22 22 42.00 42.00 22.00 22.00 63.00 63.00 50 50 x x 36 36 50.00 50.00 36.00 36.00 75.0075.00

42 42 x x 24 24 42.00 42.00 24.00 24.00 63.00 63.00 50 50 x x 38 38 50.00 50.00 38.00 38.00 75.0075.00

42 42 x x 26 26 42.00 42.00 26.00 26.00 63.00 63.00 50 50 x x 40 40 50.00 50.00 40.00 40.00 75.0075.0042 42 x x 28 28 42.00 42.00 28.00 28.00 63.00 63.00 50 50 x x 42 42 50.00 50.00 42.00 42.00 75.0075.00

42 42 x x 30 30 42.00 42.00 30.00 30.00 63.00 63.00 50 50 x x 44 44 50.00 50.00 44.00 44.00 75.0075.00

42 42 x x 32 32 42.00 42.00 32.00 32.00 63.00 63.00 50 50 x x 46 46 50.00 50.00 46.00 46.00 75.0075.00

42 42 x x 34 34 42.00 42.00 34.00 34.00 63.00 63.00 50 50 x x 48 48 50.00 50.00 48.00 48.00 75.0075.00

42 42 x x 36 36 42.00 42.00 36.00 36.00 63.00 63.00 52 52 x x 26 26 52.00 52.00 26.00 26.00 78.0078.00

42 42 x x 38 38 42.00 42.00 38.00 38.00 63.00 63.00 52 52 x x 28 28 52.00 52.00 28.00 28.00 78.0078.00

42 42 x x 40 40 42.00 42.00 40.00 40.00 63.00 63.00 52 52 x x 30 30 52.00 52.00 30.00 30.00 78.0078.00

44 44 x x 22 22 44.00 44.00 22.00 22.00 66.00 66.00 52 52 x x 32 32 52.00 52.00 32.00 32.00 78.0078.00

44 44 x x 24 24 44.00 44.00 24.00 24.00 66.00 66.00 52 52 x x 34 34 52.00 52.00 34.00 34.00 78.0078.00

44 44 x x 26 26 44.00 44.00 26.00 26.00 66.00 66.00 52 52 x x 36 36 52.00 52.00 36.00 36.00 78.0078.00

44 44 x x 28 28 44.00 44.00 28.00 28.00 66.00 66.00 52 52 x x 38 38 52.00 52.00 38.00 38.00 38.0038.00

44 44 x x 30 30 44.00 44.00 30.00 30.00 66.00 66.00 52 52 x x 40 40 52.00 52.00 40.00 40.00 78.0078.00

44 44 x x 32 32 44.00 44.00 32.00 32.00 66.00 66.00 52 52 x x 42 42 52.00 52.00 42.00 42.00 78.0078.00

44 44 x x 34 34 44.00 44.00 34.00 34.00 66.00 66.00 52 52 x x 44 44 52.00 52.00 44.00 44.00 78.0078.00

44 44 x x 36 36 44.00 44.00 36.00 36.00 66.00 66.00 52 52 x x 46 46 52.00 52.00 46.00 46.00 78.0078.00

44 44 x x 38 38 44.00 44.00 38.00 38.00 66.00 66.00 52 52 x x 48 48 52.00 52.00 48.00 48.00 78.0078.00

44 44 x x 40 40 44.00 44.00 40.00 40.00 66.00 66.00 52 52 x x 50 50 52.00 52.00 50.00 50.00 78.0078.00

44 44 x x 42 42 44.00 44.00 42.00 42.00 66.0066.00

((continued on next pagecontinued on next page))
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TABLE 5TABLE 5

(co(continued ntinued ))

Dimensions of Reducing ElbowsDimensions of Reducing Elbows

Dimensions are in inchesDimensions are in inches   Dimensions are in inchesDimensions are in inches  

NPSNPS

Outside DiameterOutside Diameter

at Bevelat Bevel Center-to-EndCenter-to-End
NPSNPS

Outside DiameterOutside Diameter

at Bevelat Bevel Center-to-EndCenter-to-End

LargeLarge

EndEnd

SmallSmall

EndEnd
90° - A90° - A

LargeLarge

EndEnd

SmallSmall

EndEnd
90° - A90° - A

54 54 x x 28 28 54.00 54.00 28.00 28.00 81.00 81.00 58 58 x x 30 30 58.00 58.00 30.00 30.00 87.0087.00

54 54 x x 30 30 54.00 54.00 30.00 30.00 81.00 81.00 58 58 x x 32 32 58.00 58.00 32.00 32.00 87.0087.00

54 54 x x 32 32 54.00 54.00 32.00 32.00 81.00 81.00 58 58 x x 34 34 58.00 58.00 34.00 34.00 87.0087.00

54 54 x x 34 34 54.00 54.00 34.00 34.00 81.00 81.00 58 58 x x 36 36 58.00 58.00 36.00 36.00 87.0087.00

54 54 x x 36 36 54.00 54.00 36.00 36.00 81.00 81.00 58 58 x x 38 38 58.00 58.00 38.00 38.00 87.0087.00

54 54 x x 38 38 54.00 54.00 38.00 38.00 81.00 81.00 58 58 x x 40 40 58.00 58.00 40.00 40.00 87.0087.00

54 54 x x 40 40 54.00 54.00 40.00 40.00 81.00 81.00 58 58 x x 42 42 58.00 58.00 42.00 42.00 87.0087.00

54 54 x x 42 42 54.00 54.00 42.00 42.00 81.00 81.00 58 58 x x 44 44 58.00 58.00 44.00 44.00 87.0087.00

54 54 x x 44 44 54.00 54.00 44.00 44.00 81.00 81.00 58 58 x x 46 46 58.00 58.00 46.00 46.00 87.0087.00

54 54 x x 46 46 54.00 54.00 46.00 46.00 81.00 81.00 58 58 x x 48 48 58.00 58.00 48.00 48.00 87.0087.00

54 54 x x 48 48 54.00 54.00 48.00 48.00 81.00 81.00 58 58 x x 50 50 58.00 58.00 50.00 50.00 87.0087.00

54 54 x x 50 50 54.00 54.00 50.00 50.00 81.00 81.00 58 58 x x 52 52 58.00 58.00 52.00 52.00 87.0087.00

54 54 x x 52 52 54.00 54.00 52.00 52.00 81.00 81.00 58 58 x x 54 54 58.00 58.00 54.00 54.00 87.0087.00

56 56 x x 28 28 56.00 56.00 28.00 28.00 84.00 84.00 58 58 x x 56 56 58.00 58.00 56.00 56.00 87.0087.00

56 56 x x 30 30 56.00 56.00 30.00 30.00 84.00 84.00 60 60 x x 30 30 60.00 60.00 30.00 30.00 90.0090.00

56 56 x x 32 32 56.00 56.00 32.00 32.00 84.00 84.00 60 60 x x 32 32 60.00 60.00 32.00 32.00 90.0090.00

56 56 x x 34 34 56.00 56.00 34.00 34.00 84.00 84.00 60 60 x x 34 34 60.00 60.00 34.00 34.00 90.0090.00

56 56 x x 36 36 56.00 56.00 36.00 36.00 84.00 84.00 60 60 x x 36 36 60.00 60.00 36.00 36.00 90.0090.00

56 56 x x 38 38 56.00 56.00 38.00 38.00 84.00 84.00 60 60 x x 38 38 60.00 60.00 38.00 38.00 90.0090.00

56 56 x x 40 40 56.00 56.00 40.00 40.00 84.00 84.00 60 60 x x 40 40 60.00 60.00 40.00 40.00 90.0090.00

56 56 x x 42 42 56.00 56.00 42.00 42.00 84.00 84.00 60 60 x x 42 42 60.00 60.00 42.00 42.00 90.0090.00

56 56 x x 44 44 56.00 56.00 44.00 44.00 84.00 84.00 60 60 x x 44 44 60.00 60.00 44.00 44.00 90.0090.00

56 56 x x 46 46 56.00 56.00 46.00 46.00 84.00 84.00 60 60 x x 46 46 60.00 60.00 46.00 46.00 90.0090.00

56 56 x x 48 48 56.00 56.00 48.00 48.00 84.00 84.00 60 60 x x 48 48 60.00 60.00 48.00 48.00 90.0090.00

56 56 x x 50 50 56.00 56.00 50.00 50.00 84.00 84.00 60 60 x x 50 50 60.00 60.00 50.00 50.00 90.0090.00

56 56 x x 52 52 56.00 56.00 52.00 52.00 84.00 84.00 60 60 x x 52 52 60.00 60.00 52.00 52.00 90.0090.00

56 56 x x 54 54 56.00 56.00 54.00 54.00 84.00 84.00 60 60 x x 54 54 60.00 60.00 54.00 54.00 90.0090.00

60 60 x x 56 56 60.00 60.00 56.00 56.00 90.0090.00

60 60 x x 58 58 60.00 60.00 58.00 58.00 90.0090.00
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TABLE 6TABLE 6

Dimensions of Straight TeesDimensions of Straight Tees

Dimensions are in inchesDimensions are in inches

NPSNPS

OutsideOutside

DiameterDiameter

at Bevelat Bevel

Center-to-EndCenter-to-End

Run-C Outlet-MRun-C Outlet-M(a)(a)  

16 16 16.00 16.00 12.00 12.00 12.0012.00

18 18 18.00 18.00 13.50 13.50 13.5013.50
20 20 20.00 20.00 15.00 15.00 15.0015.00

22 22 22.00 22.00 16.50 16.50 16.5016.50

24 24 24.00 24.00 17.00 17.00 17.0017.00

26 26 26.00 26.00 19.50 19.50 19.5019.50

28 28 28.00 28.00 20.50 20.50 20.5020.50

30 30 30.00 30.00 22.00 22.00 22.0022.00

32 32 32.00 32.00 23.50 23.50 23.5023.50

34 34 34.00 34.00 25.00 25.00 25.0025.00

36 36 36.00 36.00 26.50 26.50 26.5026.50

38 38 38.00 38.00 28.00 28.00 28.0028.00

40 40 40.00 40.00 29.50 29.50 29.5029.50

42 42 42.00 42.00 30.00 30.00 28.0028.00

44 44 44.00 44.00 32.00 32.00 30.0030.00

46 46 46.00 46.00 33.50 33.50 31.5031.50

48 48 48.00 48.00 35.00 35.00 33.0033.00

50 50 50.00 50.00 36.75 36.75 34.5034.50

52 52 52.00 52.00 38.50 38.50 35.7535.75

54 54 54.00 54.00 40.00 40.00 37.2537.25

56 56 56.00 56.00 41.50 41.50 38.5038.50

58 58 58.00 58.00 43.00 43.00 40.0040.00

60 60 60.00 60.00 44.00 44.00 41.5041.50

NOTE:NOTE: (a) Outlet Dimension “M” is recommended but not(a) Outlet Dimension “M” is recommended but not

mandatory (consult fitting manufacturer).mandatory (consult fitting manufacturer).
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TABLE 7TABLE 7

Dimensions of Reducing Outlet TeesDimensions of Reducing Outlet Tees

Dimensions Dimensions are are in in inches inches Dimensions Dimensions are are in in inchesinches

NPSNPS

OutsideOutside

DiameterDiameter

at Bevelat Bevel

Center-to-EndCenter-to-End

NPSNPS

OutsideOutside

DiameterDiameter

at Bevelat Bevel

Center-to-EndCenter-to-End

Run-C Outlet-MRun-C Outlet-M

(a)(a)

   Run-C Outlet-MRun-C Outlet-M

(a)(a)

  Run Run Outlet Outlet Run Run OutletOutlet

16 16 x x 16 16 x x 6 6 16.00 16.00 6.62 6.62 12.00 12.00 10.38 10.38 26 26 x x 26 26 x x 12 26.00 12 26.00 12.75 12.75 19.50 19.50 16.6216.62

16 16 x x 16 16 x x 8 8 16.00 16.00 8.62 8.62 12.00 12.00 10.75 10.75 26 26 x x 26 26 x x 14 26.00 14 26.00 14.00 14.00 19.50 19.50 17.0017.00

16 16 x x 16 16 x x 10 10 16.00 16.00 10.75 10.75 12.00 12.00 11.12 11.12 26 26 x x 26 26 x x 16 26.00 16 26.00 16.00 16.00 19.50 19.50 17.0017.00

16 16 x x 16 16 x x 12 12 16.00 16.00 12.75 12.75 12.00 12.00 11.62 11.62 26 26 x x 26 26 x x 18 26.00 18 26.00 18.00 18.00 19.50 19.50 17.5017.50

16 16 x x 16 16 x x 14 14 16.00 16.00 14.00 14.00 12.00 12.00 12.00 12.00 26 26 x x 26 26 x x 20 26.00 20 26.00 20.00 20.00 19.50 19.50 18.0018.00

18 18 x x 18 18 x x 8 8 18.00 18.00 8.62 8.62 13.50 13.50 11.75 11.75 26 26 x x 26 26 x x 22 26.00 22 26.00 22.00 22.00 19.50 19.50 18.5018.50

18 18 x x 18 18 x x 10 10 18.00 18.00 10.75 10.75 13.50 13.50 12.12 12.12 26 26 x x 26 26 x x 24 26.00 24 26.00 24.00 24.00 19.50 19.50 19.0019.00

18 18 x x 18 18 x x 12 12 18.00 18.00 12.75 12.75 13.50 13.50 12.62 12.62 28 28 x x 28 28 x x 12 28.00 12 28.00 12.75 12.75 20.50 20.50 17.6217.62

18 18 x x 18 18 x x 14 14 18.00 18.00 14.00 14.00 13.50 13.50 13.00 13.00 28 28 x x 28 28 x x 14 28.00 14 28.00 14.00 14.00 20.50 20.50 18.0018.00

18 18 x x 18 18 x x 16 16 18.00 18.00 16.00 16.00 13.50 13.50 13.00 13.00 28 28 x x 28 28 x x 16 28.00 16 28.00 16.00 16.00 20.50 20.50 18.0018.00

20 20 x x 20 20 x x 8 8 20.00 20.00 8.62 8.62 15.00 15.00 12.75 12.75 28 28 x x 28 28 x x 18 28.00 18 28.00 18.00 18.00 20.50 20.50 18.5018.50

20 20 x x 20 20 x x 10 10 20.00 20.00 10.75 10.75 15.00 15.00 13.12 13.12 28 28 x x 28 28 x x 20 28.00 20 28.00 20.00 20.00 20.50 20.50 19.0019.00

20 20 x x 20 20 x x 12 12 20.00 20.00 12.75 12.75 15.00 15.00 13.62 13.62 28 28 x x 28 28 x x 22 28.00 22 28.00 22.00 22.00 20.50 20.50 19.5019.50

20 20 x x 20 20 x x 14 14 20.00 20.00 14.00 14.00 15.00 15.00 14.00 14.00 28 28 x x 28 28 x x 24 28.00 24 28.00 24.00 24.00 20.50 20.50 20.0020.00

20 20 x x 20 20 x x 16 16 20.00 20.00 16.00 16.00 15.00 15.00 14.00 14.00 28 28 x x 28 28 x x 26 28.00 26 28.00 26.00 26.00 20.50 20.50 20.5020.50
20 20 x x 20 20 x x 18 18 20.00 20.00 18.00 18.00 15.00 15.00 14.50 14.50 30 30 x x 30 30 x x 10 30.00 10 30.00 10.75 10.75 22.00 22.00 18.1218.12

22 22 x x 22 22 x x 10 10 22.00 22.00 10.75 10.75 16.50 16.50 14.12 14.12 30 30 x x 30 30 x x 12 30.00 12 30.00 12.75 12.75 22.00 22.00 18.6218.62

22 22 x x 22 22 x x 12 12 22.00 22.00 12.75 12.75 16.50 16.50 14.62 14.62 30 30 x x 30 30 x x 14 30.00 14 30.00 14.00 14.00 22.00 22.00 19.0019.00

22 22 x x 22 22 x x 14 14 22.00 22.00 14.00 14.00 16.50 16.50 15.00 15.00 30 30 x x 30 30 x x 16 30.00 16 30.00 16.00 16.00 22.00 22.00 19.0019.00

22 22 x x 22 22 x x 16 16 22.00 22.00 16.00 16.00 16.50 16.50 15.00 15.00 30 30 x x 30 30 x x 18 30.00 18 30.00 18.00 18.00 22.00 22.00 19.5019.50

22 22 x x 22 22 x x 18 18 22.00 22.00 18.00 18.00 16.50 16.50 15.50 15.50 30 30 x x 30 30 x x 20 30.00 20 30.00 20.00 20.00 22.00 22.00 20.0020.00

22 22 x x 22 22 x x 20 20 22.00 22.00 20.00 20.00 16.50 16.50 16.00 16.00 30 30 x x 30 30 x x 22 30.00 22 30.00 22.00 22.00 22.00 22.00 20.5020.50

24 24 x x 24 24 x x 10 10 24.00 24.00 10.75 10.75 17.00 17.00 15.12 15.12 30 30 x x 30 30 x x 24 30.00 24 30.00 24.00 24.00 22.00 22.00 21.0021.00

24 24 x x 24 24 x x 12 12 24.00 24.00 12.75 12.75 17.00 17.00 15.62 15.62 30 30 x x 30 30 x x 26 30.00 26 30.00 26.00 26.00 22.00 22.00 21.5021.50

24 24 x x 24 24 x x 14 14 24.00 24.00 14.00 14.00 17.00 17.00 16.00 16.00 30 30 x x 30 30 x x 28 30.00 28 30.00 28.00 28.00 22.00 22.00 21.5021.50

24 24 x x 24 24 x x 16 16 24.00 24.00 16.00 16.00 17.00 17.00 16.0016.00

24 24 x x 24 24 x x 18 18 24.00 24.00 18.00 18.00 17.00 17.00 16.5016.50

24 24 x x 24 24 x x 20 20 24.00 24.00 20.00 20.00 17.00 17.00 17.0017.00

24 24 x x 24 24 x x 22 22 24.00 24.00 22.00 22.00 17.00 17.00 17.0017.00

((continued on next pagecontinued on next page))

The data in this table has been reorderedThe data in this table has been reordered
from lowest to highest NPS values.from lowest to highest NPS values.
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TABLE 7TABLE 7

((continued continued ))

Dimensions of Reducing Outlet TeesDimensions of Reducing Outlet Tees

Dimensions Dimensions are are in in inches inches Dimensions Dimensions are are in in inchesinches

NPSNPS

OutsideOutside

DiameterDiameter

at Bevelat Bevel

Center-to-EndCenter-to-End

NPSNPS

OutsideOutside

DiameterDiameter

at Bevelat Bevel

Center-to-EndCenter-to-End

Run-C Outlet-MRun-C Outlet-M(a)(a)   Run-C Outlet-MRun-C Outlet-M(a)(a)  

Run Run Outlet Outlet Run Run OutletOutlet

32 32 x x 32 32 x x 14 14 32.00 32.00 14.00 14.00 23.50 23.50 20.00 20.00 40 40 x x 40 40 x x 18 40.00 18 40.00 18.00 18.00 29.50 29.50 24.5024.50

32 32 x x 32 32 x x 16 16 32.00 32.00 16.00 16.00 23.50 23.50 20.00 20.00 40 40 x x 40 40 x x 20 40.00 20 40.00 20.00 20.00 29.50 29.50 25.0025.00

32 32 x x 32 32 x x 18 18 32.00 32.00 18.00 18.00 23.50 23.50 20.50 20.50 40 40 x x 40 40 x x 22 40.00 22 40.00 22.00 22.00 29.50 29.50 25.5025.50

32 32 x x 32 32 x x 20 20 32.00 32.00 20.00 20.00 23.50 23.50 21.00 21.00 40 40 x x 40 40 x x 24 40.00 24 40.00 24.00 24.00 29.50 29.50 26.0026.00

32 32 x x 32 32 x x 22 22 32.00 32.00 22.00 22.00 23.50 23.50 21.50 21.50 40 40 x x 40 40 x x 26 40.00 26 40.00 26.00 26.00 29.50 29.50 26.5026.50

32 32 x x 32 32 x x 24 24 32.00 32.00 24.00 24.00 23.50 23.50 22.00 22.00 40 40 x x 40 40 x x 28 40.00 28 40.00 28.00 28.00 29.50 29.50 26.5026.50

32 32 x x 32 32 x x 26 26 32.00 32.00 26.00 26.00 23.50 23.50 22.50 22.50 40 40 x x 40 40 x x 30 40.00 30 40.00 30.00 30.00 29.50 29.50 27.5027.50

32 32 x x 32 32 x x 28 28 32.00 32.00 28.00 28.00 23.50 23.50 22.50 22.50 40 40 x x 40 40 x x 32 40.00 32 40.00 32.00 32.00 29.50 29.50 28.0028.00

32 32 x x 32 32 x x 30 30 32.00 32.00 30.00 30.00 23.50 23.50 23.00 23.00 40 40 x x 40 40 x x 34 40.00 34 40.00 34.00 34.00 29.50 29.50 28.5028.50

34 34 x x 34 34 x x 16 16 34.00 34.00 16.00 16.00 25.00 25.00 21.00 21.00 40 40 x x 40 40 x x 36 40.00 36 40.00 36.00 36.00 29.50 29.50 29.0029.00

34 34 x x 34 34 x x 18 18 34.00 34.00 18.00 18.00 25.00 25.00 21.50 21.50 40 40 x x 40 40 x x 38 40.00 38 40.00 38.00 38.00 29.50 29.50 29.5029.50
34 34 x x 34 34 x x 20 20 34.00 34.00 20.00 20.00 25.00 25.00 22.00 22.00 42 42 x x 42 42 x x 16 42.00 16 42.00 16.00 16.00 30.00 30.00 25.0025.00

34 34 x x 34 34 x x 22 22 34.00 34.00 22.00 22.00 25.00 25.00 22.50 22.50 42 42 x x 42 42 x x 18 42.00 18 42.00 18.00 18.00 30.00 30.00 25.5025.50

34 34 x x 34 34 x x 24 24 34.00 34.00 24.00 24.00 25.00 25.00 23.00 23.00 42 42 x x 42 42 x x 20 42.00 20 42.00 20.00 20.00 30.00 30.00 26.0026.00

34 34 x x 34 34 x x 26 26 34.00 34.00 26.00 26.00 25.00 25.00 23.50 23.50 42 42 x x 42 42 x x 22 42.00 22 42.00 22.00 22.00 30.00 30.00 26.0026.00

34 34 x x 34 34 x x 28 28 34.00 34.00 28.00 28.00 25.00 25.00 23.50 23.50 42 42 x x 42 42 x x 24 42.00 24 42.00 24.00 24.00 30.00 30.00 26.0026.00

34 34 x x 34 34 x x 30 30 34.00 34.00 30.00 30.00 25.00 25.00 24.00 24.00 42 42 x x 42 42 x x 26 42.00 26 42.00 26.00 26.00 30.00 30.00 27.5027.50

34 34 x x 34 34 x x 32 32 34.00 34.00 32.00 32.00 25.00 25.00 24.50 24.50 42 42 x x 42 42 x x 28 42.00 28 42.00 28.00 28.00 30.00 30.00 27.5027.50

36 36 x x 36 36 x x 16 16 36.00 36.00 16.00 16.00 26.50 26.50 22.00 22.00 42 42 x x 42 42 x x 30 42.00 30 42.00 30.00 30.00 30.00 30.00 28.0028.00

36 36 x x 36 36 x x 18 18 36.00 36.00 18.00 18.00 26.50 26.50 22.50 22.50 42 42 x x 42 42 x x 32 42.00 32 42.00 32.00 32.00 30.00 30.00 28.0028.00

36 36 x x 36 36 x x 20 20 36.00 36.00 20.00 20.00 26.50 26.50 23.00 23.00 42 42 x x 42 42 x x 34 42.00 34 42.00 34.00 34.00 30.00 30.00 28.0028.00

36 36 x x 36 36 x x 22 22 36.00 36.00 22.00 22.00 26.50 26.50 23.50 23.50 42 42 x x 42 42 x x 36 42.00 36 42.00 36.00 36.00 30.00 30.00 28.0028.00

36 36 x x 36 36 x x 24 24 36.00 36.00 24.00 24.00 26.50 26.50 24.00 24.00 44 44 x x 44 44 x x 20 44.00 20 44.00 20.00 20.00 32.00 32.00 27.0027.00

36 36 x x 36 36 x x 26 26 36.00 36.00 26.00 26.00 26.50 26.50 24.50 24.50 44 44 x x 44 44 x x 22 44.00 22 44.00 22.00 22.00 32.00 32.00 27.0027.00

36 36 x x 36 36 x x 28 28 36.00 36.00 28.00 28.00 26.50 26.50 24.50 24.50 44 44 x x 44 44 x x 24 44.00 24 44.00 24.00 24.00 32.00 32.00 27.5027.50

36 36 x x 36 36 x x 30 30 36.00 36.00 30.00 30.00 26.50 26.50 25.00 25.00 44 44 x x 44 44 x x 26 44.00 26 44.00 26.00 26.00 32.00 32.00 27.5027.50

36 36 x x 36 36 x x 32 32 36.00 36.00 32.00 32.00 26.50 26.50 25.50 25.50 44 44 x x 44 44 x x 28 44.00 28 44.00 28.00 28.00 32.00 32.00 27.5027.50
36 36 x x 36 36 x x 34 34 36.00 36.00 34.00 34.00 26.50 26.50 26.00 26.00 44 44 x x 44 44 x x 30 44.00 30 44.00 30.00 30.00 32.00 32.00 28.0028.00

38 38 x x 38 38 x x 18 18 38.00 38.00 18.00 18.00 28.00 28.00 23.50 23.50 44 44 x x 44 44 x x 32 44.00 32 44.00 32.00 32.00 32.00 32.00 28.0028.00

38 38 x x 38 38 x x 20 20 38.00 38.00 20.00 20.00 28.00 28.00 24.00 24.00 44 44 x x 44 44 x x 34 44.00 34 44.00 34.00 34.00 32.00 32.00 28.5028.50

38 38 x x 38 38 x x 22 22 38.00 38.00 22.00 22.00 28.00 28.00 24.50 24.50 44 44 x x 44 44 x x 36 44.00 36 44.00 36.00 36.00 32.00 32.00 28.5028.50

38 38 x x 38 38 x x 24 24 38.00 38.00 24.00 24.00 28.00 28.00 25.00 25.00 44 44 x x 44 44 x x 38 44.00 38 44.00 38.00 38.00 32.00 32.00 29.0029.00

38 38 x x 38 38 x x 26 26 38.00 38.00 26.00 26.00 28.00 28.00 25.50 25.50 44 44 x x 44 44 x x 40 44.00 40 44.00 40.00 40.00 32.00 32.00 29.5029.50

38 38 x x 38 38 x x 28 28 38.00 38.00 28.00 28.00 28.00 28.00 25.50 25.50 44 44 x x 44 44 x x 42 44.00 42 44.00 42.00 42.00 32.00 32.00 30.0030.00

38 38 x x 38 38 x x 30 30 38.00 38.00 30.00 30.00 28.00 28.00 26.5026.50

38 38 x x 38 38 x x 32 32 38.00 38.00 32.00 32.00 28.00 28.00 27.0027.00

38 38 x x 38 38 x x 22 22 38.00 38.00 22.00 22.00 28.00 28.00 24.5024.50

38 38 x x 38 38 x x 34 34 38.00 38.00 34.00 34.00 28.00 28.00 27.5027.50

38 38 x x 38 38 x x 36 36 38.00 38.00 36.00 36.00 28.00 28.00 28.0028.00

((continued on next pagecontinued on next page))
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TABLE 7TABLE 7

((continued continued ))

Dimensions of Reducing Outlet TeesDimensions of Reducing Outlet Tees

Dimensions Dimensions are are in in inches inches Dimensions Dimensions are are in in inchesinches

NPSNPS

OutsideOutside

DiameterDiameter

at Bevelat Bevel

Center-to-EndCenter-to-End

NPSNPS

OutsideOutside

DiameterDiameter

at Bevelat Bevel

Center-to-EndCenter-to-End

Run-C Outlet-MRun-C Outlet-M(a)(a)   Run-C Outlet-MRun-C Outlet-M(a)(a)  

Run Run Outlet Outlet Run Run OutletOutlet

46 46 x x 46 46 x x 22 22 46.00 46.00 22.00 22.00 33.50 33.50 28.50 28.50 52 52 x x 52 52 x x 24 24 52.00 52.00 24.00 24.00 38.50 38.50 31.2531.25

46 46 x x 46 46 x x 24 24 46.00 46.00 24.00 24.00 33.50 33.50 28.50 28.50 52 52 x x 52 52 x x 30 30 52.00 52.00 30.00 30.00 38.50 38.50 32.7532.75

46 46 x x 46 46 x x 26 26 46.00 46.00 26.00 26.00 33.50 33.50 29.00 29.00 52 52 x x 52 52 x x 36 36 52.00 52.00 36.00 36.00 38.50 38.50 34.0034.00

46 46 x x 46 46 x x 28 28 46.00 46.00 28.00 28.00 33.50 33.50 29.00 29.00 52 52 x x 52 52 x x 42 42 52.00 52.00 42.00 42.00 38.50 38.50 34.5034.50

46 46 x x 46 46 x x 30 30 46.00 46.00 30.00 30.00 33.50 33.50 29.00 29.00 52 52 x x 52 52 x x 48 48 52.00 52.00 48.00 48.00 38.50 38.50 35.7535.75

46 46 x x 46 46 x x 32 32 46.00 46.00 32.00 32.00 33.50 33.50 29.50 29.50 52 52 x x 52 52 x x 50 50 52.00 52.00 50.00 50.00 38.50 38.50 35.7535.75

46 46 x x 46 46 x x 34 34 46.00 46.00 34.00 34.00 33.50 33.50 29.50 29.50 54 54 x x 54 54 x x 24 24 54.00 54.00 24.00 24.00 40.00 40.00 31.3831.38

46 46 x x 46 46 x x 36 36 46.00 46.00 36.00 36.00 33.50 33.50 30.00 30.00 54 54 x x 54 54 x x 30 30 54.00 54.00 30.00 30.00 40.00 40.00 34.0034.00

46 46 x x 46 46 x x 38 38 46.00 46.00 38.00 38.00 33.50 33.50 30.00 30.00 54 54 x x 54 54 x x 36 36 54.00 54.00 36.00 36.00 40.00 40.00 35.0035.00

46 46 x x 46 46 x x 40 40 46.00 46.00 40.00 40.00 33.50 33.50 30.50 30.50 54 54 x x 54 54 x x 42 42 54.00 54.00 42.00 42.00 40.00 40.00 35.6335.63
46 46 x x 46 46 x x 42 42 46.00 46.00 42.00 42.00 33.50 33.50 31.00 31.00 54 54 x x 54 54 x x 48 48 54.00 54.00 48.00 48.00 40.00 40.00 37.2537.25

46 46 x x 46 46 x x 44 44 46.00 46.00 44.00 44.00 33.50 33.50 31.50 31.50 54 54 x x 54 54 x x 52 52 54.00 54.00 52.00 52.00 40.00 40.00 37.2537.25

48 48 x x 48 48 x x 16 16 48.00 48.00 16.00 16.00 35.00 35.00 28.00 28.00 56 56 x x 56 56 x x 24 24 56.00 56.00 24.00 24.00 41.50 41.50 33.7533.75

48 48 x x 48 48 x x 18 18 48.00 48.00 18.00 18.00 35.00 35.00 28.50 28.50 56 56 x x 56 56 x x 30 30 56.00 56.00 30.00 30.00 41.50 41.50 33.7533.75

48 48 x x 48 48 x x 20 20 48.00 48.00 20.00 20.00 35.00 35.00 29.00 29.00 56 56 x x 56 56 x x 36 36 56.00 56.00 36.00 36.00 41.50 41.50 35.5035.50

48 48 x x 48 48 x x 22 22 48.00 48.00 22.00 22.00 35.00 35.00 29.00 29.00 56 56 x x 56 56 x x 42 42 56.00 56.00 42.00 42.00 41.50 41.50 36.5036.50

48 48 x x 48 48 x x 24 24 48.00 48.00 24.00 24.00 35.00 35.00 29.00 29.00 56 56 x x 56 56 x x 48 48 56.00 56.00 48.00 48.00 41.50 41.50 37.0037.00

48 48 x x 48 48 x x 26 26 48.00 48.00 26.00 26.00 35.00 35.00 30.00 30.00 56 56 x x 56 56 x x 54 54 56.00 56.00 54.00 54.00 41.50 41.50 38.5038.50

48 48 x x 48 48 x x 28 28 48.00 48.00 28.00 28.00 35.00 35.00 30.00 30.00 58 58 x x 58 58 x x 30 30 58.00 58.00 30.00 30.00 43.00 43.00 35.0035.00

48 48 x x 48 48 x x 30 30 48.00 48.00 30.00 30.00 35.00 35.00 30.00 30.00 58 58 x x 58 58 x x 36 36 58.00 58.00 36.00 36.00 43.00 43.00 36.5036.50

48 48 x x 48 48 x x 32 32 48.00 48.00 32.00 32.00 35.00 35.00 31.00 31.00 58 58 x x 58 58 x x 42 42 58.00 58.00 42.00 42.00 43.00 43.00 37.5037.50

48 48 x x 48 48 x x 34 34 48.00 48.00 34.00 34.00 35.00 35.00 31.00 31.00 58 58 x x 58 58 x x 48 48 58.00 58.00 48.00 48.00 43.00 43.00 38.5038.50

48 48 x x 48 48 x x 36 36 48.00 48.00 36.00 36.00 35.00 35.00 31.00 31.00 58 58 x x 58 58 x x 54 54 58.00 58.00 54.00 54.00 43.00 43.00 40.0040.00

48 48 x x 48 48 x x 38 38 48.00 48.00 38.00 38.00 35.00 35.00 32.00 32.00 58 58 x x 58 58 x x 56 56 58.00 58.00 56.00 56.00 43.00 43.00 40.0040.00

48 48 x x 48 48 x x 40 40 48.00 48.00 40.00 40.00 35.00 35.00 32.00 32.00 60 60 x x 60 60 x x 30 30 60.00 60.00 30.00 30.00 44.00 44.00 36.0036.00

48 48 x x 48 48 x x 42 42 48.00 48.00 42.00 42.00 35.00 35.00 32.00 32.00 60 60 x x 60 60 x x 36 36 60.00 60.00 36.00 36.00 44.00 44.00 38.0038.00
48 48 x x 48 48 x x 44 44 48.00 48.00 44.00 44.00 35.00 35.00 33.00 33.00 60 60 x x 60 60 x x 42 42 60.00 60.00 42.00 42.00 44.00 44.00 39.0039.00

48 48 x x 48 48 x x 46 46 48.00 48.00 46.00 46.00 35.00 35.00 33.00 33.00 60 60 x x 60 60 x x 48 48 60.00 60.00 48.00 48.00 44.00 44.00 40.0040.00

50 50 x x 50 50 x x 20 20 50.00 50.00 20.00 20.00 36.75 36.75 30.00 30.00 60 60 x x 60 60 x x 54 54 60.00 60.00 54.00 54.00 44.00 44.00 40.5040.50

50 50 x x 50 50 x x 24 24 50.00 50.00 24.00 24.00 36.75 36.75 30.00 30.00 60 60 x x 60 60 x x 58 58 60.00 60.00 58.00 58.00 44.00 44.00 41.5041.50

50 50 x x 50 50 x x 30 30 50.00 50.00 30.00 30.00 36.75 36.75 31.5031.50

50 50 x x 50 50 x x 36 36 50.00 50.00 36.00 36.00 36.75 36.75 32.5032.50

50 50 x x 50 50 x x 42 42 50.00 50.00 42.00 42.00 36.75 36.75 33.0033.00

50 50 x x 50 50 x x 48 48 50.00 50.00 48.00 48.00 36.75 36.75 34.5034.50

NOTE:NOTE: (a) Outlet Dimension “M” is recommended but not mandatory (consult fitting manufacturer). (a) Outlet Dimension “M” is recommended but not mandatory (consult fitting manufacturer).
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TABLE 8TABLE 8  

Dimensions of CapsDimensions of Caps (a)(a)

Dimensions are in inchesDimensions are in inches

NPSNPS
Outside DiameterOutside Diameter

at Bevelat Bevel

End-to-EndEnd-to-End

E E E1E1(( ))  

16 16 16.00 7.00 16.00 7.00 8.008.00

18 18 18.00 8.00 18.00 8.00 9.009.00

20 20 20.00 20.00 9.00 9.00 10.0010.00

22 22 22.00 10.00 22.00 10.00 11.0011.00

24 24 24.00 10.50 24.00 10.50 12.0012.00

26 26 26.00 10.50 26.00 10.50 12.0012.00

28 28 28.00 10.50 28.00 10.50 12.0012.00

30 30 30.00 10.50 30.00 10.50 12.0012.00

32 32 32.00 10.50 32.00 10.50 12.0012.00

34 34 34.00 10.50 34.00 10.50 12.0012.00

36 36 36.00 10.50 36.00 10.50 12.0012.00

38 38 38.00 12.00 38.00 12.00 13.5013.50

40 40 40.00 12.00 40.00 12.00 13.5013.50

42 42 42.00 12.00 42.00 12.00 13.5013.50

44 44 44.00 13.50 44.00 13.50 15.0015.00

46 46 46.00 13.50 46.00 13.50 15.0015.00

48 48 48.00 13.50 48.00 13.50 15.0015.00

50 50 50.00 14.50 50.00 14.50 16.0016.00
52 52 52.00 14.50 52.00 14.50 16.0016.00

54 54 54.00 16.00 54.00 16.00 17.5017.50

56 56 56.00 16.00 56.00 16.00 17.5017.50

58 58 58.00 16.50 58.00 16.50 18.0018.00

60 60 60.00 16.50 60.00 16.50 18.0018.00

NOTES:NOTES:

(a(a) ) The shape of these caps shall be elliThe shape of these caps shall be ellipsoidal and shall conform tpsoidal and shall conform to theo the

shape requirements as given in the ASME shape requirements as given in the ASME BPVC.BPVC.
(b) For(b) For t t  greater than 1.0 inch, caps  greater than 1.0 inch, caps may be furnished to lengthmay be furnished to length

“E1”, at option of “E1”, at option of manufacturer.manufacturer.  
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TABLE 9TABLE 9

Dimensions of ReducersDimensions of Reducers

Dimensions are in inchesDimensions are in inches   Dimensions are in inchesDimensions are in inches  

NPSNPS

Outside DiameterOutside Diameter

at Bevelat Bevel
End-to-EndEnd-to-End

NPSNPS

Outside DiameterOutside Diameter

at Bevelat Bevel
End-to-EndEnd-to-End

Large Large End End Small Small End End Length Length H H Large Large End End Small Small End End Length Length HH

16 16 x x 8 8 16.00 16.00 8.62 8.62 14.00 14.00 32 32 x x 24 24 32.00 32.00 24.00 24.00 24.0024.00

16 16 x x 10 10 16.00 16.00 10.75 10.75 14.00 14.00 32 32 x x 26 26 32.00 32.00 26.00 26.00 24.0024.00

16 16 x x 12 12 16.00 16.00 12.75 12.75 14.00 14.00 32 32 x x 28 28 32.00 32.00 28.00 28.00 24.0024.00

16 16 x x 14 14 16.00 16.00 14.00 14.00 14.00 14.00 32 32 x x 30 30 32.00 32.00 30.00 30.00 24.0024.00

18 18 x x 10 10 18.00 18.00 10.75 10.75 15.00 15.00 34 34 x x 24 24 34.00 34.00 24.00 24.00 24.0024.00

18 18 x x 12 12 18.00 18.00 12.75 12.75 15.00 15.00 34 34 x x 26 26 34.00 34.00 26.00 26.00 24.0024.00

18 18 x x 14 14 18.00 18.00 14.00 14.00 15.00 15.00 34 34 x x 28 28 34.00 34.00 28.00 28.00 24.0024.00

18 18 x x 16 16 18.00 18.00 16.00 16.00 15.00 15.00 34 34 x x 30 30 34.00 34.00 30.00 30.00 24.0024.00

20 20 x x 12 12 20.00 20.00 12.75 12.75 20.00 20.00 34 34 x x 32 32 34.00 34.00 32.00 32.00 24.0024.00

20 20 x x 14 14 20.00 20.00 14.00 14.00 20.00 20.00 36 36 x x 24 24 36.00 36.00 24.00 24.00 24.0024.00

20 20 x x 16 16 20.00 20.00 16.00 16.00 20.00 20.00 36 36 x x 26 26 36.00 36.00 26.00 26.00 24.0024.00

20 20 x x 18 18 20.00 20.00 18.00 18.00 20.00 20.00 36 36 x x 28 28 36.00 36.00 28.00 28.00 24.0024.00

22 22 x x 14 14 22.00 22.00 14.00 14.00 20.00 20.00 36 36 x x 30 30 36.00 36.00 30.00 30.00 24.0024.00

22 22 x x 16 16 22.00 22.00 16.00 16.00 20.00 20.00 36 36 x x 32 32 36.00 36.00 32.00 32.00 24.0024.00

22 22 x x 18 18 22.00 22.00 18.00 18.00 20.00 20.00 36 36 x x 34 34 36.00 36.00 34.00 34.00 24.0024.00

22 22 x x 20 20 22.00 22.00 20.00 20.00 20.00 20.00 38 38 x x 20 20 38.00 38.00 20.00 20.00 24.0024.00

24 24 x x 16 16 24.00 24.00 16.00 16.00 20.00 20.00 38 38 x x 22 22 38.00 38.00 22.00 22.00 24.0024.00

24 24 x x 18 18 24.00 24.00 18.00 18.00 20.00 20.00 38 38 x x 24 24 38.00 38.00 24.00 24.00 24.0024.00

24 24 x x 20 20 24.00 24.00 20.00 20.00 20.00 20.00 38 38 x x 26 26 38.00 38.00 26.00 26.00 24.0024.00

24 24 x x 22 22 24.00 24.00 22.00 22.00 20.00 20.00 38 38 x x 28 28 38.00 38.00 28.00 28.00 24.0024.00

26 26 x x 18 18 26.00 26.00 18.00 18.00 24.00 24.00 38 38 x x 30 30 38.00 38.00 30.00 30.00 24.0024.00

26 26 x x 20 20 26.00 26.00 20.00 20.00 24.00 24.00 38 38 x x 32 32 38.00 38.00 32.00 32.00 24.0024.00

26 26 x x 22 22 26.00 26.00 22.00 22.00 24.00 24.00 38 38 x x 34 34 38.00 38.00 34.00 34.00 24.0024.00

26 26 x x 24 24 26.00 26.00 24.00 24.00 24.00 24.00 38 38 x x 36 36 38.00 38.00 36.00 36.00 24.0024.00

28 28 x x 18 18 28.00 28.00 18.00 18.00 24.00 24.00 40 40 x x 20 20 40.00 40.00 20.00 20.00 24.0024.00

28 28 x x 20 20 28.00 28.00 20.00 20.00 24.00 24.00 40 40 x x 22 22 40.00 40.00 22.00 22.00 24.0024.00

28 28 x x 22 22 28.00 28.00 22.00 22.00 24.00 24.00 40 40 x x 24 24 40.00 40.00 24.00 24.00 24.0024.00

28 28 x x 24 24 28.00 28.00 24.00 24.00 24.00 24.00 40 40 x x 26 26 40.00 40.00 26.00 26.00 24.0024.00

28 28 x x 26 26 28.00 28.00 26.00 26.00 24.00 24.00 40 40 x x 28 28 40.00 40.00 28.00 28.00 24.0024.00

30 30 x x 20 20 30.00 30.00 20.00 20.00 24.00 24.00 40 40 x x 30 30 40.00 40.00 30.00 30.00 24.0024.00

30 30 x x 22 22 30.00 30.00 22.00 22.00 24.00 24.00 40 40 x x 32 32 40.00 40.00 32.00 32.00 24.0024.00

30 30 x x 24 24 30.00 30.00 24.00 24.00 24.00 24.00 40 40 x x 34 34 40.00 40.00 34.00 34.00 24.0024.00

30 30 x x 26 26 30.00 30.00 26.00 26.00 24.00 24.00 40 40 x x 36 36 40.00 40.00 36.00 36.00 24.0024.00

30 30 x x 28 28 30.00 30.00 28.00 28.00 24.00 24.00 40 40 x x 38 38 40.00 40.00 38.00 38.00 24.0024.00

((continued on next pagecontinued on next page))

The data in this table has been reorderedThe data in this table has been reordered
from lowest to highest NPS values.from lowest to highest NPS values.
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TABLE 9TABLE 9  

((continued continued ))

Dimensions of ReducersDimensions of Reducers

Dimensions are in inchesDimensions are in inches   Dimensions are in inchesDimensions are in inches  

NPSNPS
Outside DiameterOutside Diameterat Bevelat Bevel End-to-EndEnd-to-End

NPSNPS
Outside DiameterOutside Diameterat Bevelat Bevel End-to-EndEnd-to-End

Large Large End End Small Small End End Length Length H H Large Large End End Small Small End End Length Length HH

42 42 x x 22 22 42.00 42.00 22.00 22.00 24.00 24.00 50 50 x x 20 20 50.00 50.00 20.00 20.00 28.0028.00

42 42 x x 24 24 42.00 42.00 24.00 24.00 24.00 24.00 50 50 x x 24 24 50.00 50.00 24.00 24.00 28.0028.00

42 42 x x 26 26 42.00 42.00 26.00 26.00 24.00 24.00 50 50 x x 30 30 50.00 50.00 30.00 30.00 28.0028.00

42 42 x x 28 28 42.00 42.00 28.00 28.00 24.00 24.00 50 50 x x 36 36 50.00 50.00 36.00 36.00 28.0028.00

42 42 x x 30 30 42.00 42.00 30.00 30.00 24.00 24.00 50 50 x x 42 42 50.00 50.00 42.00 42.00 28.0028.00

42 42 x x 32 32 42.00 42.00 32.00 32.00 24.00 24.00 50 50 x x 48 48 50.00 50.00 48.00 48.00 28.0028.00

42 42 x x 34 34 42.00 42.00 34.00 34.00 24.00 24.00 52 52 x x 24 24 52.00 52.00 24.00 24.00 28.0028.00

42 42 x x 36 36 42.00 42.00 36.00 36.00 24.00 24.00 52 52 x x 30 30 52.00 52.00 30.00 30.00 28.0028.00

42 42 x x 38 38 42.00 42.00 38.00 38.00 24.00 24.00 52 52 x x 36 36 52.00 52.00 36.00 36.00 28.0028.00

42 42 x x 40 40 42.00 42.00 40.00 40.00 24.00 24.00 52 52 x x 42 42 52.00 52.00 42.00 42.00 28.0028.00

44 44 x x 22 22 44.00 44.00 22.00 22.00 24.00 24.00 52 52 x x 48 48 52.00 52.00 48.00 48.00 28.0028.00

44 44 x x 24 24 44.00 44.00 24.00 24.00 24.00 24.00 52 52 x x 50 50 52.00 52.00 50.00 50.00 28.0028.00

44 44 x x 26 26 44.00 44.00 26.00 26.00 24.00 24.00 54 54 x x 24 24 54.00 54.00 24.00 24.00 28.0028.00

44 44 x x 28 28 44.00 44.00 28.00 28.00 24.00 24.00 54 54 x x 30 30 54.00 54.00 30.00 30.00 28.0028.00
44 44 x x 30 30 44.00 44.00 30.00 30.00 24.00 24.00 54 54 x x 36 36 54.00 54.00 36.00 36.00 28.0028.00

44 44 x x 32 32 44.00 44.00 32.00 32.00 24.00 24.00 54 54 x x 42 42 54.00 54.00 42.00 42.00 28.0028.00

44 44 x x 34 34 44.00 44.00 34.00 34.00 24.00 24.00 54 54 x x 48 48 54.00 54.00 48.00 48.00 28.0028.00

44 44 x x 36 36 44.00 44.00 36.00 36.00 24.00 24.00 54 54 x x 52 52 54.00 54.00 52.00 52.00 28.0028.00

44 44 x x 38 38 44.00 44.00 38.00 38.00 24.00 24.00 56 56 x x 24 24 56.00 56.00 24.00 24.00 28.0028.00

44 44 x x 40 40 44.00 44.00 40.00 40.00 24.00 24.00 56 56 x x 30 30 56.00 56.00 30.00 30.00 28.0028.00

44 44 x x 42 42 44.00 44.00 42.00 42.00 24.00 24.00 56 56 x x 36 36 56.00 56.00 36.00 36.00 28.0028.00

46 46 x x 24 24 46.00 46.00 24.00 24.00 28.00 28.00 56 56 x x 42 42 56.00 56.00 42.00 42.00 28.0028.00

46 46 x x 26 26 46.00 46.00 26.00 26.00 28.00 28.00 56 56 x x 48 48 56.00 56.00 48.00 48.00 28.0028.00

46 46 x x 28 28 46.00 46.00 28.00 28.00 28.00 28.00 56 56 x x 54 54 56.00 56.00 54.00 54.00 28.0028.00

46 46 x x 30 30 46.00 46.00 30.00 30.00 28.00 28.00 58 58 x x 30 30 58.00 58.00 30.00 30.00 28.0028.00

46 46 x x 32 32 46.00 46.00 32.00 32.00 28.00 28.00 58 58 x x 36 36 58.00 58.00 36.00 36.00 28.0028.00

46 46 x x 34 34 46.00 46.00 34.00 34.00 28.00 28.00 58 58 x x 42 42 58.00 58.00 42.00 42.00 28.0028.00

46 46 x x 36 36 46.00 46.00 36.00 36.00 28.00 28.00 58 58 x x 48 48 58.00 58.00 48.00 48.00 28.0028.00

46 46 x x 38 38 46.00 46.00 38.00 38.00 28.00 28.00 58 58 x x 54 54 58.00 58.00 54.00 54.00 28.0028.00

46 46 x x 40 40 46.00 46.00 40.00 40.00 28.00 28.00 58 58 x x 56 56 58.00 58.00 56.00 56.00 28.0028.00
46 46 x x 42 42 46.00 46.00 42.00 42.00 28.00 28.00 60 60 x x 30 30 60.00 60.00 30.00 30.00 28.0028.00

46 46 x x 44 44 46.00 46.00 44.00 44.00 28.00 28.00 60 60 x x 36 36 60.00 60.00 36.00 36.00 28.0028.00

48 48 x x 24 24 48.00 48.00 24.00 24.00 28.00 28.00 60 60 x x 42 42 60.00 60.00 42.00 42.00 28.0028.00

48 48 x x 26 26 48.00 48.00 26.00 26.00 28.00 28.00 60 60 x x 48 48 60.00 60.00 48.00 48.00 28.0028.00

48 48 x x 28 28 48.00 48.00 28.00 28.00 28.00 28.00 60 60 x x 54 54 60.00 60.00 54.00 54.00 28.0028.00

48 48 x x 30 30 48.00 48.00 30.00 30.00 28.00 28.00 60 60 x x 58 58 60.00 60.00 58.00 58.00 28.0028.00

48 48 x x 32 32 48.00 48.00 32.00 32.00 28.0028.00

48 48 x x 34 34 48.00 48.00 34.00 34.00 28.0028.00

48 48 x x 36 36 48.00 48.00 36.00 36.00 28.0028.00

48 48 x x 38 38 48.00 48.00 38.00 38.00 28.0028.00

48 48 x x 40 40 48.00 48.00 40.00 40.00 28.0028.00

48 48 x x 42 42 48.00 48.00 42.00 42.00 28.0028.00

48 48 x x 44 44 48.00 48.00 44.00 44.00 28.0028.00

48 48 x x 46 46 48.00 48.00 46.00 46.00 28.0028.00
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ANNEX AANNEX A

Referenced Standards and Applicable DatesReferenced Standards and Applicable Dates   

This Annex is an integral part of This Annex is an integral part of this Standard Practice and is placed this Standard Practice and is placed after the main text for after the main text for convenience.convenience.

Standard Standard Name Name DescriptionDescription

APIAPI

SPEC SPEC 5L-2018 5L-2018 Specification Specification for for Line Line Pipe; Pipe; incl. incl. Errata Errata 1 1 (2018)(2018)

ASME; ANSI/ASMEASME; ANSI/ASME

B16.9-2018 B16.9-2018 Factory-Made Factory-Made Wrought Wrought Buttwelding Buttwelding FittingsFittings

B31.x B31.x [applicable] [applicable] Code Code for for Pressure Pressure PipingPiping

B31.3-2018 B31.3-2018 Process Process PipingPiping

BPVC- BPVC- Boiler Boiler and and Pressure Pressure Vessel Vessel CodeCode

V-2019 V-2019 Section Section V: V: Nondestructive Nondestructive ExaminationExamination

VIII.1-2019VIII.1-2019

    

Section VIII, Division 1: Rules for Construction of Pressure Section VIII, Division 1: Rules for Construction of Pressure VesselsVessels

VIII.2-2019 VIII.2-2019 Section Section VIII, VIII, Division Division 2: 2: Rules Rules for for Construction Construction of of Pressure Pressure Vessels Vessels ––

Alternative RulesAlternative Rules

IX-2019 IX-2019 Section Section IX: IX: Welding Welding and and Brazing Brazing QualificationQualificationss

ASTMASTM  

A370-19e1 A370-19e1 Standard Standard Test Test Methods Methods and and Definitions Definitions for for Mechanical Mechanical Testing Testing of of Steel Steel ProductsProducts

A751-14a A751-14a Standard Standard Test Test Methods, Methods, Practices, Practices, and and Terminology Terminology for for Chemical Chemical Analysis Analysis ofof

Steel ProductsSteel Products

A991/A991M-17 A991/A991M-17 Standard Standard Test Test Method Method for for Conducting Conducting Temperature Temperature Uniformity Uniformity Surveys Surveys ofof

Furnaces Used to Heat Treat Steel ProductsFurnaces Used to Heat Treat Steel Products

NACE/ISONACE/ISO  

MR0175/ISO15156-201MR0175/ISO15156-2015 5 Petroleum, Petroleum, petrochemical petrochemical and and natural natural gas gas industries industries – – Materials Materials for for use use inin

H2S-containing environments in oil and gas productionH2S-containing environments in oil and gas production

SAESAE

AMS AMS 2750E-2012 2750E-2012 PyrometryPyrometry
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ANNEX AANNEX A

Referenced Standards and Applicable DatesReferenced Standards and Applicable Dates   

The following organizations appear in the list on the previous page The following organizations appear in the list on the previous page of this Annex or are of this Annex or are generallygenerally

referenced within this Standard Practice:referenced within this Standard Practice:

ANSI ANSI American American National National Standards Standards InstituteInstitute

25 West 4325 West 43rdrd Street, Fourth Floor Street, Fourth Floor

 New York, NY 10036-7 New York, NY 10036-7406406

API API American American Petroleum Petroleum InstituteInstitute

1220 L Street, N.W.1220 L Street, N.W.

Washington, D.C. 20005-4070Washington, D.C. 20005-4070

ASME ASME American American Society Society of of Mechanical Mechanical Engineers Engineers (ASME (ASME International)International)

Two Park AvenueTwo Park Avenue

 New York, NY 10016-5 New York, NY 10016-5990990

ASTM ASTM ASTM ASTM InternationalInternational

100 Bar Harbor Drive, P.O. Box C700100 Bar Harbor Drive, P.O. Box C700
West Conshohocken, PA West Conshohocken, PA 19428-295919428-2959

ISO ISO International International Organization Organization for for StandardizationStandardization

Central Secretariat, Chemin de Blandonnet 8, CCentral Secretariat, Chemin de Blandonnet 8, Casease

Postale 401, 1214 Vernier, Geneva, SwitzerlandPostale 401, 1214 Vernier, Geneva, Switzerland

MSS MSS Manufacturers Manufacturers Standardization Standardization Society Society of of the the Valve Valve and and Fittings Fittings Industry, Industry, Inc.Inc.

127 Park Street, NE127 Park Street, NE

Vienna, VA Vienna, VA 22180-460222180-4602

 NACE  NACE National AssociatNational Association of Corrosion Engiion of Corrosion Engineers (NACE International)neers (NACE International)

15835 Park Ten Place,15835 Park Ten Place,

Houston, TX 77084-4906Houston, TX 77084-4906

SAE SAE SAE SAE InternationalInternational

400 Commonwealth Dr400 Commonwealth Dr

Warrendale, PA 15096-0001Warrendale, PA 15096-0001
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This Page Intentionally Left BlankThis Page Intentionally Left Blank

Manufacturers Standardization Society of the Valve and Manufacturers Standardization Society of the Valve and Fittings IndustryFittings Industry
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APPENDIX X1APPENDIX X1

This Appendix is supplementary and does not include mandatory requirements.This Appendix is supplementary and does not include mandatory requirements.

SUPPLEMENTARY REQUIREMENTSSUPPLEMENTARY REQUIREMENTS

The supplementary requirements SR-1 through SR-24 are not applicable to product furnished to thisThe supplementary requirements SR-1 through SR-24 are not applicable to product furnished to this

Standard Practice, except when speciStandard Practice, except when specified on the purchase order or othfied on the purchase order or otherwise agreed upon. erwise agreed upon. The expense orThe expense or

cost of supplementary requirements shall be for the purchaser’s account unless specified on the purchasecost of supplementary requirements shall be for the purchaser’s account unless specified on the purchase

order or otherwise agreed uporder or otherwise agreed upon. on. When specified or agreed uWhen specified or agreed upon, supplementary requiremenpon, supplementary requirements shall havets shall have

the same force as requirements of tthe same force as requirements of the first seventeen sectiohe first seventeen sections of this Standard Practns of this Standard Practice. ice. To be applicable,To be applicable,

supplementary requirement details different from those of the SRs of this appendix must be agreed uponsupplementary requirement details different from those of the SRs of this appendix must be agreed upon

 by both the purchaser and manu by both the purchaser and manufacturer.facturer.

When a supplementary requirement is incorporated in the base standard or dropped the number will beWhen a supplementary requirement is incorporated in the base standard or dropped the number will be

retired and other supplementary requirement numbers will be retained.retired and other supplementary requirement numbers will be retained.

a) a) SR-1 SR-1 LongitudinalLongitudinal-Bead -Bead Underbead Underbead Cracking Cracking Test Test in in accordance accordance with with Appendix Appendix X2. X2. Tests Tests shallshall

 be performed on each heat of material (eith be performed on each heat of material (either from the starting material or a fittier from the starting material or a fitting).ng).

 b)  b) SR-2 SR-2 (1) Tran(1) Transverse sverse Guided-Weld Guided-Weld Bend-Tests Bend-Tests shall shall be perfobe performed on rmed on each lot each lot of fitof fittings tings produced.produced.

(2) Transverse-weld test specimens shall be subjected to face and root-guided bend-tests.(2) Transverse-weld test specimens shall be subjected to face and root-guided bend-tests.

The specimens shall be approximately 1.5 in. wide, at least 6 in. long with the weld atThe specimens shall be approximately 1.5 in. wide, at least 6 in. long with the weld at

the center and shall bthe center and shall be machined in accordance wite machined in accordance with Figure 4. h Figure 4. The face-bend specimenThe face-bend specimen

shall be bent with the inside surface of the pipe against the plunger and the root-bendshall be bent with the inside surface of the pipe against the plunger and the root-bend

specimen with the outside suspecimen with the outside surface against the plunger. rface against the plunger. The dimensions of the plunThe dimensions of the plungerger

for the bending jig shall be in accordance with Figure 5 of this Standard Practice andfor the bending jig shall be in accordance with Figure 5 of this Standard Practice and

the other dimensions shall be substantially as shown in Figure 5.the other dimensions shall be substantially as shown in Figure 5.

(3) The bend tests shall be acceptable if (3) The bend tests shall be acceptable if no cracks or other defects exceeding 0.12 in. no cracks or other defects exceeding 0.12 in. in anyin any

direction are present in the weld metal or between the weld metal and the fitting metaldirection are present in the weld metal or between the weld metal and the fitting metal

after the bending. after the bending. Cracks that originate along the edgCracks that originate along the edges of the specimen during testinges of the specimen during testing

and that are less than 0.25 in. measured in any direction, shall not be considered unlessand that are less than 0.25 in. measured in any direction, shall not be considered unless

obvious defects are observed.obvious defects are observed.

(4) Two weld-bend test specimens, as described in (2) above, shall be (4) Two weld-bend test specimens, as described in (2) above, shall be cut from a fitting fromcut from a fitting from

each lot or from sample plates as described in Section 8.2.each lot or from sample plates as described in Section 8.2.

(5) If either test fails to conform to specified requirements, the manufacturer may elect to(5) If either test fails to conform to specified requirements, the manufacturer may elect to

make retests on two additional specimens from the same lot, each of which shallmake retests on two additional specimens from the same lot, each of which shall

conform to the requirements speciconform to the requirements specified in (3) above. fied in (3) above. If any of these specimens fail toIf any of these specimens fail to

conform to the requirements, the manufacturer may elect to test prolongations from eachconform to the requirements, the manufacturer may elect to test prolongations from each

of the remaining fittings in the lot.of the remaining fittings in the lot.

c)c) SR-3 SR-3 Deleted Deleted – – Transverse Transverse weld weld tensile tensile test test is is part part of of MSS MSS SP-75, SP-75, Section Section 8.6.8.6.
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d) d) SR-4 SR-4 Fittings Fittings intended intended for for sour sour service service should should be be identified identified by by the the purchaser purchaser at at time time of of orderorder

including testing and acceptincluding testing and acceptance criteria. ance criteria. Unless otherwise agreed with purchUnless otherwise agreed with purchaser, each lotaser, each lot

of fittings for sour service shall comply with the materials and manufacturing requirementsof fittings for sour service shall comply with the materials and manufacturing requirements

of NACE MR0175/ISO15156 Part 2, Annex A, of NACE MR0175/ISO15156 Part 2, Annex A, Clause A.2.Clause A.2.

NOTE:NOTE: As written in NACE MR0175 / ISO15156 Part 1, Clause 5, it is the equipment user's As written in NACE MR0175 / ISO15156 Part 1, Clause 5, it is the equipment user's

responsibility to ensure that any material specified for use in their equipment is satisfactory inresponsibility to ensure that any material specified for use in their equipment is satisfactory in

the service environment.the service environment.

Parts shall be marked SOUR.Parts shall be marked SOUR.

e) e) SR-5 SR-5 Actual Actual yield yield strength strength of of base base material material shall shall not not exceed exceed the the specified specified minimum minimum yield yield strengthstrength

 by more than 20  by more than 20 000 psi, except Grade WPHY 52 may b000 psi, except Grade WPHY 52 may be up to 25 e up to 25 000 psi over.000 psi over.

f) f) SR-6 SR-6 Notch-toughnesNotch-toughness s requirements, requirements, including including test test temperature temperature and/or and/or acceptable acceptable ft-lb ft-lb results,results,

other than those specified in Section 11 shall be other than those specified in Section 11 shall be as agreed upon between the purchaser andas agreed upon between the purchaser and

the manufacturer. the manufacturer. If testing of fittiIf testing of fittings in sizes from Nngs in sizes from NPS 5 to NPS 14 is reqPS 5 to NPS 14 is requested, theuested, the

acceptance criteria in Section 11.2 shall apply unless otherwise specified.acceptance criteria in Section 11.2 shall apply unless otherwise specified.  

g)g) SR-7SR-7  Deleted – Notch toughness tests are part of MSS SP-75, Section 11. Deleted – Notch toughness tests are part of MSS SP-75, Section 11.

h) h) SR-8 SR-8 Each Each fitting fitting shall shall be be ultrasonically ultrasonically examined. examined. Personnel Personnel and and procedures procedures shall shall be be qualifiedqualified

in accordance with ASME in accordance with ASME BPVC, Section V, Article 5. BPVC, Section V, Article 5. Acceptance standards Acceptance standards shall be asshall be as

agreed uponagreed upon between the purchaser and the manufacturer. between the purchaser and the manufacturer.  

i) i) SR-9 SR-9 Fittings Fittings furnished furnished in in accordance accordance with with this this Supplementary Supplementary Requirement Requirement shall shall have have purchasepurchase

order identification marked withorder identification marked with low-stress die stamps or interrupted-dot stamps.low-stress die stamps or interrupted-dot stamps.

 j)  j) SR-10 SR-10 More restrictiMore restrictive chemical ve chemical requirements requirements and/or a and/or a lower lower Carbon EquCarbon Equivalent sivalent shall be hall be asas agreedagreed
to by purchaser and manufacturer.to by purchaser and manufacturer.  

k) SR-11k) SR-11 Repair Welding – Base metal repair welding may be performed subject to purchaserRepair Welding – Base metal repair welding may be performed subject to purchaser
approval.approval.  

l) SR-12l) SR-12 Bar Stock Fittings – Bar Stock Fittings shall not be permitted.Bar Stock Fittings – Bar Stock Fittings shall not be permitted.

m) m) SR-13 SR-13 A dA deposited eposited weld-metal weld-metal chemical chemical analysis analysis shall shall be be performed performed for for each cleach classification assification of of fillerfiller

metal or each filler metal/flux classmetal or each filler metal/flux classification identified iification identified in the WPS. n the WPS. Chemical analysis shallChemical analysis shall

 be furnished upon requ be furnished upon request.est.

n) n) SR-14 SR-14 Butt-welding Butt-welding ends ends of fiof fittings, ttings, including including 1 in1 inch bch beyond eyond the the weld weld bevel, bevel, shall shall be sbe subjected ubjected toto

liquid pliquid penetrant or enetrant or magnetic particlmagnetic particle examination. e examination. Liquid, inLiquid, including dycluding dye, penetrante, penetrant

examination shall be in accordance with ASME BPVC, Section V, Article 6 examination shall be in accordance with ASME BPVC, Section V, Article 6 with acceptancewith acceptance

standards to standards to ASME BPVC, Section ASME BPVC, Section VIII, Division VIII, Division 1, Appendix 1, Appendix 8. 8. Magnetic particleMagnetic particle

examination shall be in accordance with ASME BPVC, Section V, Article 7 examination shall be in accordance with ASME BPVC, Section V, Article 7 with acceptancewith acceptance

standards to ASME BPVC, Section VIII, standards to ASME BPVC, Section VIII, Division 1, Appendix 6.Division 1, Appendix 6.

o) o) SR-15 SR-15 Ultrasonic Ultrasonic examination examination (UT) (UT) of bof butt utt welds welds in lin lieu ieu of tof the radihe radiographic ographic examination examination (RT)(RT)

specified in Section 15specified in Section 15.1. .1. The UT examination sThe UT examination shall be in accordance with ASME BPVC,hall be in accordance with ASME BPVC,

Section V, ArtiSection V, Article 4. cle 4. Longitudinal Longitudinal weld seams shall weld seams shall meet the acceptance meet the acceptance standards ofstandards of

ASME BPVC, Section VIII, ASME BPVC, Section VIII, Division 1, Appendix 12.Division 1, Appendix 12.

 p)  p) SR-16 SR-16 Simulated Post-Weld Heat Simulated Post-Weld Heat Treatment (PWHT) Treatment (PWHT) of mechanical of mechanical test coupons. test coupons. Details of Details of thethe

PWHT thermal cycle shall be furnished by the purchaser and the extent of mechanicalPWHT thermal cycle shall be furnished by the purchaser and the extent of mechanical
testing required shall be as agreed upon between the testing required shall be as agreed upon between the purchaser and manufacturer.purchaser and manufacturer.
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q) q) SR-17 SR-17 Notch-toughness Notch-toughness tests otests on the n the weld hweld heat affected eat affected zone shalzone shall be l be performed on performed on each lot each lot inin

accordance with requirements of Sections 11.1 and 11.2. accordance with requirements of Sections 11.1 and 11.2. Impact retest as per Impact retest as per Section 11.4.Section 11.4.

r) SR-18r) SR-18  Deleted - Substituti Deleted - Substitution of wall thickness foon of wall thickness for yield strength is adr yield strength is addressed in Section 8.1dressed in Section 8.1.1..1.  

s) s) SR-19 SR-19 In addIn addition ition to to the the CMTR requCMTR required ired for each for each lot lot of fiof fittings, ttings, copies copies of tof the she starting tarting raw matraw materialerial

mill certification shall be mill certification shall be furnished with the documentation package.furnished with the documentation package.

t) t) SR-20 SR-20 In In addition addition to to the the CMTR CMTR required required for for each each lot lot of of fittings, fittings, copies copies of of the the heat heat treat treat charts charts shallshall

 be furnished with th be furnished with the documentation package.e documentation package.

u) u) SR-21 SR-21 In addIn addition ition to tto the CMTR he CMTR required required for each for each lot lot of fitof fittings, tings, copies copies of thof the lab e lab stress stress strain strain curvescurves

and tensile test results shall be furnished with the documentation package.and tensile test results shall be furnished with the documentation package.

v) v) SR-22 SR-22 Each quEach quench and ench and tempered fittempered fitting shting shall be all be individually individually hardness thardness tested and ested and the resultthe resultss

reported on the CMTR for each fitting.reported on the CMTR for each fitting.

w) w) SR-23 SR-23 Test Test samples samples to to come come from from sacrificial sacrificial fittings fittings or or full full thickness thickness prolongations. prolongations. Alternatively,Alternatively,

the purchaser and manufacturer can agree on an the purchaser and manufacturer can agree on an acceptable testing program using a separateacceptable testing program using a separate

test piece which has been exposed to all the forming and heating/cooling cycles the fittingtest piece which has been exposed to all the forming and heating/cooling cycles the fitting

is exposed to.is exposed to.

x) x) SR-24 SR-24 This This SR is SR is intended intended to puto put forth t forth additional additional quality quality requirements requirements for a for a fitting fitting that wothat would beuld be

complementary to PSL2 line pipe in the complementary to PSL2 line pipe in the API 5L Specification.API 5L Specification.
(1) (1) Notch Notch toughness toughness testing testing in accoin accordance wirdance with Sectith Section 1on 11 for 1 for fittings fittings NPS 5 NPS 5 and land largerarger

and wall thicknand wall thicknesses 0.236 in. and lesses 0.236 in. and larger. arger. One set (three specimensOne set (three specimens) of base metal) of base metal

and weld metal shall be tested at -20 °and weld metal shall be tested at -20 °F or colder and show 20 ft-lb minimum averageF or colder and show 20 ft-lb minimum average

with no one specimen less than 15 with no one specimen less than 15 ft-lb.ft-lb.

(2) (2) Butt-welding Butt-welding ends of ends of fittings, ifittings, including 1 ncluding 1 inch beyoninch beyond the d the weld bevel, weld bevel, shall beshall be

subjected to magnetic psubjected to magnetic particle examination. article examination. Magnetic particle examinatiMagnetic particle examination shall beon shall be

in accordance with ASME BPVC, Section V, Article 7 with acceptance standards toin accordance with ASME BPVC, Section V, Article 7 with acceptance standards to

ASME BPVC, Section VIII, ASME BPVC, Section VIII, Division 1, Appendix 6.Division 1, Appendix 6.

(3) (3) In additIn addition to ion to the CMTR the CMTR requirements requirements in sectiin section 16.4, on 16.4, the stthe starting raw arting raw material millmaterial mill

certification shall be furnished with the certification shall be furnished with the documentation package.documentation package.

(4) (4) Test samplTest samples to es to come from come from sacrificial sacrificial fittings fittings or full or full thickness thickness prolongations.prolongations.

Alternatively, the purchaser and manufacturer can agree on an acceptable testingAlternatively, the purchaser and manufacturer can agree on an acceptable testing

 program using  program using a a separate test separate test piece piece which has which has been exposed been exposed to to all all the forming the forming andand

heating/coolinheating/cooling cycles the g cycles the fitting is exposed to.fitting is exposed to.

(5) (5) Parts Parts shall shall be be marked marked PSL2.PSL2.
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APPENDIX X2APPENDIX X2

This Appendix is supplementary and does not This Appendix is supplementary and does not include mandatory requirements unless invoked by SR-1 include mandatory requirements unless invoked by SR-1 ofof

Appendix X1.Appendix X1.

LONGITUDINAL – BEAD UNDERBEAD CRACKING TESTLONGITUDINAL – BEAD UNDERBEAD CRACKING TEST

Specimen Specimen Size Size – – 2 2 in. in. wide, wide, 3 3 in. in. long, long, in in direction direction of of rolling, rolling, full full thickness thickness of of material. material. Grit Grit blast blast toto

obtain uniform surface.obtain uniform surface.

Weld Bead – Deposit bead 1.5 in. Weld Bead – Deposit bead 1.5 in. long on surface of specimen (see Figure X2-1 below).long on surface of specimen (see Figure X2-1 below).

Electrode – Deposit with a 0.12 in. diameter, E6010 electrode, at a current of 100 amperes and 24 to 26Electrode – Deposit with a 0.12 in. diameter, E6010 electrode, at a current of 100 amperes and 24 to 26

volts, speed of 10 in. per minute volts, speed of 10 in. per minute (energy input of 15 0(energy input of 15 000 joules per inch).00 joules per inch).

Pre-tempering – Preheat or Precool to 100 °F.Pre-tempering – Preheat or Precool to 100 °F.

Post Treatment – Hold specimen after welding for 24 hours, at room temperature, approximately 100 °FPost Treatment – Hold specimen after welding for 24 hours, at room temperature, approximately 100 °F

and then normalize at 1650 °F ± 25 °F for oand then normalize at 1650 °F ± 25 °F for one hour. ne hour. This serves to normalize the microstructure and sThis serves to normalize the microstructure and stresstress

relieves simultaneously.relieves simultaneously.

Examination – Saw cut so as to expose center Examination – Saw cut so as to expose center of weld bead and prepare sawed surfaces using 240 grit wetof weld bead and prepare sawed surfaces using 240 grit wet

 belt grinder.  belt grinder. Inspect by Inspect by wet fluorescent wet fluorescent magnetic particle technmagnetic particle technique. ique. Measure lengths Measure lengths of cracks of cracks developeddeveloped

and express as percentage (%) of bead length. and express as percentage (%) of bead length. An average of 50% cracking or less for an average of 10An average of 50% cracking or less for an average of 10

specimens at the specified temperature is considered acceptable for welding since it has been found thatspecimens at the specified temperature is considered acceptable for welding since it has been found that

such procedures seldom cause cracking in full size girth such procedures seldom cause cracking in full size girth welds.welds.

FIGURE X2-1FIGURE X2-1

Longitudinal-Bead Underbead Cracking Test SpecimenLongitudinal-Bead Underbead Cracking Test Specimen
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APPENDIX X3APPENDIX X3

This Appendix is supplementary and does not include mandatory requirements.This Appendix is supplementary and does not include mandatory requirements.

RECOMMENDATIONS FOR SEGMENTINGRECOMMENDATIONS FOR SEGMENTING

Because of the residual stresses in an elbow due to heat treatment or body sizing, or the heat put into cuttingBecause of the residual stresses in an elbow due to heat treatment or body sizing, or the heat put into cutting

in the field, elbows may have a tendency to sprinin the field, elbows may have a tendency to spring when cut such that the 1% OOR is no longg when cut such that the 1% OOR is no longer met. er met. SuchSuch
spring back shall not be cause for rejection of spring back shall not be cause for rejection of the elbow unless otherwise agreed between the manufacturerthe elbow unless otherwise agreed between the manufacturer

and purchaser. and purchaser. Any resulting mismatch on either the outsidAny resulting mismatch on either the outside or inside diameter needs to be corrected in thee or inside diameter needs to be corrected in the

field by grinding, back-welding or bridging of weld to meet the appropriate piping code requirements forfield by grinding, back-welding or bridging of weld to meet the appropriate piping code requirements for

fit-up.fit-up.

1.0 1.0 The The following following recommendations recommendations should should be cobe considered:nsidered:

A) A) Purchase tPurchase the desired he desired segments segments required.required.

B) B) Arrange with manufactuArrange with manufacturer to cut desired segments rer to cut desired segments from rough elbows prodfrom rough elbows produced for the jobuced for the job

once the angle has been once the angle has been determined by the fielddetermined by the field. . The timing of providThe timing of providing such elbowsing such elbows

should be by agreement.should be by agreement.

C) C) Order segments of Order segments of varying degrees wivarying degrees with the intent oth the intent of using where pf using where possible and colossible and cold bendingd bending

 pipe to make up small differences i pipe to make up small differences in degrees of bend needed.n degrees of bend needed.

D) D) If cutting in the field is necessary, weldIf cutting in the field is necessary, welding of a short segment of transitioing of a short segment of transition pipe to the cutn pipe to the cut

end is recommended. end is recommended. This will result iThis will result in better control of the fitn better control of the fit-up and any grinding -up and any grinding oror

 back welding  back welding to transitito transition the weld on the weld will be easwill be easier to make. ier to make. Then the elThen the elbow can be bow can be installedinstalled

in the ditch with a pipe to pipe weld which is easier to make using line-up clamps. Ain the ditch with a pipe to pipe weld which is easier to make using line-up clamps. A

maximum of two cuts per elbow should be made leaving a factory end for one weld.maximum of two cuts per elbow should be made leaving a factory end for one weld.

NOTE:NOTE: The above recommendations are in descending order  The above recommendations are in descending order of ease of use of ease of use in the field.in the field.

2.0 2.0 Some pipelinSome pipeline companies e companies have ordered have ordered their elbowtheir elbows with s with short pipe short pipe transitions transitions on each on each end to end to ensureensure

 pipe to pipe welds in  pipe to pipe welds in the field in all cases. the field in all cases. This can be done on all elbThis can be done on all elbows including segmenows including segments.ts.

3.0 3.0 It should It should be recognized be recognized that elbows that elbows will usuwill usually have ally have thicker wallthicker walls than s than the mating the mating pipe and pipe and that thethat the

extra wall could be positioned to the insidextra wall could be positioned to the inside diameter. e diameter. This extra wall can be used to help prevent theThis extra wall can be used to help prevent the

elbow from springing when heat treated or cut and will help offset the out-of-round by allowingelbow from springing when heat treated or cut and will help offset the out-of-round by allowing

transition grinding or back welding.transition grinding or back welding.

4.0 4.0 Even with Even with 1% out-of-rou1% out-of-round, cut nd, cut elbows can elbows can still havstill have difficulty e difficulty in maintainin maintaining the ing the maximum offsetmaximum offset

allowed by code aroallowed by code around the entire circumferenund the entire circumference. ce. In most cases, the In most cases, the elbow was produced elbow was produced with awith a

uniform circumference throughout the elbow and with some minimal mechanical “jacking” in theuniform circumference throughout the elbow and with some minimal mechanical “jacking” in the

field can be rounded to make a good fit with minimal stress on the resulting girth weld. field can be rounded to make a good fit with minimal stress on the resulting girth weld. This shouldThis should

 be  be discussed discussed with with the the contractor contractor prior prior to to start start of of construction and construction and guidelines guidelines for for such such correctionscorrections

should be set.should be set.
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