— Factory-Made, Wrought
Steel, Buttwelding
Induction Bends:for
Transportation and

Distribution Systems

AN AMERICAN NATIONAL STANDARD


https://asmenormdoc.com/api2/?name=ASME B16.49 2023.pdf

ASME B16.49-2023

(Revision of ASME B16.49-2017)

Factory-Made, Wrought
Steel, Buttwelding

Induction Bends for
Transportation and
Distribution Systems

AN AMERICAN NATIONAL STANDARD

@Z@ The American Society of

® Mechanical Engineers Two Park Avenue * New York, NY ¢ 10016 USA


https://asmenormdoc.com/api2/?name=ASME B16.49 2023.pdf

The next

Date of Issuance: November 10, 2023

edition of this Standard is scheduled for publication in 2028.

This code or standard was developed under procedures accredited as meeting the criteria for American National Standards. The
standards committee that approved the code or standard was balanced to ensure that individuals from competent and

concerneg_intere Nad an oppo n Q D3 pate nNe proposed code o andard was made gvaligble 1or p

review an

ASME dog¢s not “approve,

take any
documen
letters pa
the validi

Participation by federal agency representatives or persons affiliated with industry is not to b&interpreted as governmg
industry ¢ndorsement of this code or standard.

ASME acdepts responsibility for only those interpretations of this document issuedin accordance with the established 4

procedur

The endnjotes and preamble in this document (if any) are part of this American National Standard.

» o« » o«

certify,” “rate,” or “endorse” any item, construction, proprietary device, or activity. ASME dod
bosition with respect to the validity of any patent rights asserted in connection with any items mentioned i
[, and does not undertake to insure anyone utilizing a standard against liability for infringement of any appli
ent, nor does ASME assume any such liability. Users of a code or standard are expressly advised that determinati
Ly of any such patent rights, and the risk of infringement of such rights, is entirely their own responsibility

bs and policies, which precludes the issuance of interpretations by individuals.

& @ ASME Collective Membership Mark

‘ASME” andxthe above ASME symbol are registered trademarks of The American Society of Mechanical Engineers.

ublic

d comment, which provided an opportunity for additional public input from industry, academia, regulatory agencies,
and the gublic-at-large.

s not

this
Cable
on of

nt or

SME

No part of this document may be reproduced in any form,

in an electronic retrieval system or otherwise,
without the prior written permission of the publisher.

The American Society of Mechanical Engineers
Two Park Avenue, New York, NY 10016-5990

Copyright © 2023 by
THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS
All rights reserved


https://asmenormdoc.com/api2/?name=ASME B16.49 2023.pdf

CONTENTS

2000 =)
Committee-Roster

Corrpspondence With the B16 Committee . ... ... v it it ittt ittt iininreenennsnsne )i
Summary of Changes . . . oot ittt i i i e e e e e
List pf Changes in Record Number Order . . . ... ... ittt i it ininnenrannensadBeeeenns
1 Scope and Definitions . . ........... .. ... . . . i N D e
2 Pressure Ratings . ............ .0 NSAoi i,
3 ) 1 -
4 MarKing . .. ..ottt i i i e e e e
5 Material . . ... . i e e Y e
6 Material for Bends Containing Welds . . ... ....... < ) . . . i,
7 Chemical Composition . ............. ... .. . G i i i it
8 Material Properties . ... ...... ... O e i i i e e
9 Heat Treatment . .. ........... .. ... . .0 0. i i i it
10 Qualification Bend . . ... ...... ... . . 08 it i it e e e e
11 Test Requirements . . ... ... .....s 00 ittt iintinneneeneenennennsns
12 Dimensional Requirements . . ... .. . . .. . i i i i e e
13 Inspection of Production Bends, . . . . ... .. ... . i e e
14 Certification . .. ... ... 880 i i i it e
SR1}% Supplementary Requirements ... ........ ... ... ittt
Mangdatory Appendix

I ReferenCes « v m . e e e e e e e
Nonmandatory Appendices

A Quality/ System Program . . . ..o vttt ittt it ittt e et e e e
B Induction Bend Data Sheet . ... ..o ittt e e
Figures

2.2-{ Bend Dimensional Terms . . .. oo v ittt ittt ittt ittt ettt e
8.2-1 Test Specimen Locations and Orientations — Longitudinal Seam . ...................
8.2-2 Test Specimen Locations and Orientations — Helical Seam . .......................
12.6-1 Measurement of Bend Angle and Out-of-Squareness .. ..........oiiiiii i,
Tables

4.1-1 Tensile Properties . . . oo v i ittt e i e e e e e e e e
5.1-1 Maximum Limits of Chemical Elements That May Be Used .. ..........ccovveen.n.
10.1-1 Limits on Essential Variables . ... ... oot e

il

vi
viii

ix

O O© 00 NN O U1 U1 U1 S N DN N -

=
[N SN

13

14
15

10


https://asmenormdoc.com/api2/?name=ASME B16.49 2023.pdf

FOREWORD

In 1993, members of the ASME B31.8 Code for Pressure Piping, Gas Transmission and Distribution Piping Systems
Committee approached the B16 Committee to develop a standard that covers pipeline bends produced by the induction
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hmittee F reviewed the request and identified that no current specification covered this product to the-sati
e users. It was also determined that this Standard would need to be more performance-based thanmost
dards, which are normally product standards with set dimensional requirements.

1994 meeting of Subcommittee F, the project to develop a standard was accepted. Through the eooperati
s and users familiar with the process, and with approval by the Standards Committee and ASME, ASME B1
eived approval as an American National Standard on April 25, 2000.

b, the Committee undertook a general review of this document. Based on the usage of this Standard over the
umber of revisions, clarifications, and additions were determined to be needed to make'the document more
Some requirements were dropped, revised, and clarified to reflect the desires 6fthe users and manufacty
lence data were updated and the interpretation section was removed from the’Standard. These revisions
hited into the B16.49-2007 edition.

P, the Committee reviewed this document and made revisions to requirements in hardness testing and upd
ences found in Mandatory Appendix I. ASME B16.49-2012 was appteved by the American National Stand
(ANSI) on October 22, 2012.
P017 edition, provisions were made to update verbiage and readings. Following the approval by the ASMH
s Committee, approval as an American National Standard was given by ANSI on September 7,2017, with the
on ASME B16.49-2017.
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In ASME B16.49-2023, the tables and figures have been redesignated. Cross-references have been updated accordingly.

Also, the

specimem]sizes, and starting materials. Revisions were-also made to sections referring to heat treatment, te|

testing,
adding b
approval

references in Mandatory Appendix I have been updated. Revisions were made to address quality syst

e applicability of NDE, and section 14 on‘certification. Table 10.1-1 (formerly Table 3) was revisq
ending temperature. Para. SR15.5 has beenrevised, and paras. SR15.9 and SR15.10 have been added. Follo
by the ASME B16 Standards Committee," ASME B16.49-2023 was approved by ANSI on September 25, 3

ems,
hsile
d by
wing
023.
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CORRESPONDENCE WITH THE B16 COMMITTEE

General. ASME codes and standards are developed and maintained by committees with the intent to represent the
consensus of concerned interests. Users of ASME codes and standards may correspond with the committees to propose
revision§oTTasES, TEPOTteITats, OT TequeEst [ITteTr pretations: €orT capuudcuLe forthisStarmdard shoutd besent tothe staff
secretary noted on the committee’s web page, accessible at https://go.asme.org/Bl6committee.

Revisigns and Errata. The committee processes revisions to this Standard on a continuous basis to incorpgrate
changes that appear necessary or desirable as demonstrated by the experience gained from the application of the $tan-
dard. Approved revisions will be published in the next edition of the Standard.

In addftion, the committee may post errata on the committee web page. Errata become effective,on the date posted.
Users can register on the committee web page to receive e-mail notifications of posted errata.

This Standard is always open for comment, and the committee welcomes proposals for tevisions. Such proppsals
should b¢ as specific as possible, citing the paragraph number, the proposed wording, and\a'detailed description df the
reasons for the proposal, including any pertinent background information and supporting documentation.

Cases
(a) Thle most common applications for cases are
(1) to permit early implementation of a revision based on an urgent_need
(2) to provide alternative requirements
(3) to allow users to gain experience with alternative or potential.additional requirements prior to incorporgtion
directly into the Standard
(4) to permit the use of a new material or process
(b) Usgrs are cautioned that not all jurisdictions or owners atitomatically accept cases. Cases are not to be considered
as approying, recommending, certifying, or endorsing any proprietary or specific design, or as limiting in any way the
freedom jof manufacturers, constructors, or owners to ehoose any method of design or any form of construction that
conformq to the Standard.
(c) Agdroposed case shall be written as a question@nd reply in the same format as existing cases. The proposal shal| also
include the following information:
(1) a statement of need and background, information
(2) the urgency of the case (e.g., the-case concerns a project that is underway or imminent)
(3) the Standard and the paragraph) figure, or table number
(4) the edition of the Standard ‘te’ which the proposed case applies
(d) A qase is effective for use when the public review process has been completed and it is approved by the cognjzant
supervis¢ry board. Approved-cases are posted on the committee web page.

Interpnetations. Upamrequest, the committee will issue an interpretation of any requirement of this Standar¢l. An
interpretption can be i§sued only in response to a request submitted through the online Interpretation Submittal Foym at
0.asme.org/InterpretationRequest. Upon submitting the form, the inquirer will receive an automatic ejmail

ASME dloesnotact as a consultant for specific engineering problems or for the general application or understanding of
the Standatd-réquirements. If, based on the information submitted, it is the opinion of the committee that the inqlirer
should seekassista e, theTequestwittbeTeturmedwi ETCCU ETTdatio acsu aSSTSta ebeobtaimedimquirers
can track the status of their requests at https://go.asme.org/Interpretations.

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

Interpretations are published in the ASME Interpretations Database at https://go.asme.org/Interpretations as they are
issued.

»u

certify,” “rate,” or “endorse” any item, construction, proprietary
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Committee Meetings. The B16 Standards Committee regularly holds meetings that are open to the public. Persons
wishing to attend any meeting should contact the secretary of the committee. Information on future committee meetings
can be found on the committee web page at https://go.asme.org/B16committee.
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ASMEB16.49.20722
WS- ME-BHB a4 WasS

approved

p “FPF

by the American National Standards Institute on September 25, 2023.

In ASME B16.49-2023, the tables and figures have been redesignated. Cross-references have been updated acdordingly. In

addition,|/ASME B16.49-2023 includes the following changes identified by a margin note, (23). The RecordNumbers |
below ar¢ explained in more detail in the “List of Changes in Record Number Order” following this Summary of Cha
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Mandatory Appendix I
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Formerly Table 3; entry for “Bending Temperature” added
(18-2466)
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Added (18-2466)
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LIST OF CHANGES IN RECORD NUMBER ORDER

Record Number Change
18-2466 Revised para. 1.9 on quality systems, para. 5.1 on starting materials, para. 8.2 on specimen sizes, para.
9.2 on heat treatment para.11.1.1 on tensile testing, para 13.2 on applicability of NDE, and section

14 a3 Addaed SRAIL Q ACDR1C 10 < dopnic o AJddod ACTAL AQQ] Il\991Mt
H-oneertifteationAdded-SRI5-9-and-SRI5-36-and-revised-SRIS-5AddedASTFM-AS9Y )

Mandatory Appendix I. Revised Table 10.1-1 by adding bending temperature.

21-2p46 Updated references in Mandatory Appendix I.
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ASME B16.49-2023

FACTORY-MADE, WROUGHT STEEL, BUTTWELDING
INDUCTION BENDS FOR TRANSPORTATION AND
DISTRIBUTION SYSTEMS

1 SCOPE AND DEFINITIONS

1.1 General

THis Standard covers design, material, manufacturing,
testipg, marking, and inspection requirements for factory-
madp pipeline bends of carbon steel materials having
confrolled chemistry and mechanical properties,
produced by the induction bending process, with or
without tangents. This Standard covers induction
bends for transportation and distribution piping applica-
tiong (e.g., ASME B31.4 and ASME B31.8). Process and
power piping have differing requirements and materials
that may not be appropriate for the restrictions and exam-
inatipns described herein and, therefore, are not included
in thiis Standard.

1.2 Manufacturing Process

This process uses induction heating to heat a nanrow
band 360 deg around a pipe or cylinder at the(point of
bendling as the pipe or cylinder is being pushed
thropgh the inductor coil at a constant velocity. After
the fnaterial passes through the coilsit may be cooled
by forced air or water spray, or jt.may be allowed to
cool |in still air. Bends in any producible wall thickness
and fdiameter are covered. Induction bends covered by
this |Standard may be preduced from seamless pipe,
welded pipe, or cylinders:.

1.3 Fabricated Bénds

Larger angle-bernds obtained by girth welding two or
mor¢ smallefangle bends together are considered pipe
fabrications'and as such, are not within the scope of
this Ptandard.

from the two systems constitutes nonconfprmance
with the Standard.

1.5 References

Standards and specifications adopted by refgrence in
this Standard are shown\in' Mandatory Appendix I. It is
not practical to identify)the specific edition of egach stan-
dard and specification in the individual references.
Instead, the spécific edition reference is idenqtified in
Mandatory Appendix I. A product made in conformance
with a prioredition of reference standards and iy all other
respects conforming to this Standard will be congidered to
be inncompliance.

1.6 Codes and Regulations

Abend used under the jurisdiction of a referenfcing code
or governmental regulation is subject to any limjitation of
that code or regulation. This includes any mpaximum
temperature limitation or rule governing thel use of a
material at low temperature.

1.7 Service Conditions

Criteria for selection of bend material for a particular
fluid service are not within the scope of this Sfandard.

1.8 Convention

For determining conformance with this Standard, the
convention for fixing significant digits whefe limits
(maximum and minimum values) are specified shall be
as defined in ASTM E29. This requires that an pbserved
or calculated value be rounded off to the nearest init inthe

last right-hand digit used for expressing the limit. Decimal

values and tolerances do not imply a particular rhethod of

1.4 Standard Units

This Standard states values in both SI (metric) and U.S.
Customary units. These systems of units are to be
regarded separately as standard. Within the text, the
U.S. Customary units are shown in parentheses. The
values stated in each system are not exact equivalents;
therefore, it is required that each system of units be
used independently of the other. Combining values

measurement.

1.9 Quality Systems

Requirements relating to the manufacturers’ quality
system programs are described in Nonmandatory Appen-
dix A. The Quality System shall specify controls for the
manufacturing process, heat treatment process, testing,
inspection, material traceability from starting material
to final bend, and documentation requirements necessary
to ensure compliance with this Standard. The

(23)
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manufacturer shall establish and follow documented
procedures for maintaining the heat and lot identity
throughout the entire supply chain. Traceability proce-
dures shall provide means for tracing any bend to the
proper heat and lot and the chemical and mechanical
test results.

1.10 Glossary

bend qualification procedure: adocument that specifies the

Nonmandatory Appendix B is provided as one possible
guideline for providing the required information.

2 PRESSURE RATINGS

2.1 Basis of Ratings

The allowable internal pressure rating for bends
designed in accordance with this Standard shall not be
less than that which is calculated for straight seamless

propertigs of the starting pipe; the equipment to be used;
the bending parameters; the qualification bend test
results; ind the postbend, heat-treat equipment, and
cycle usgd for the manufacture of the bends. If nondes-
tructive [testing of the bend is required, procedures
that haye not been approved previously shall be
submittef.

cylinder: p joint of pipe produced by a rolling and welding
plate, as gpposed to a joint of pipe produced in accordance
with a rdcognized specification.

extrados:| the outside arc of the bend.

intrados:|the inside arc of the bend.

minimun{ (design) wall thickness: the wall thickness speci-
fied or computed in accordance with the piping code as the
minimunp acceptable for the temperature and pressure
applicatign.

nominal (design) wall thickness: the wall thickness speci-
fied on the order or marked on the bend.

ovality, %: [(0.D. max. - 0.D. min.)/(0.D. nom)] x 100,
where O|D. is a linear measurement of the maximum,
minimull, or nominal outside diameter.

qualifica
tested, a

ion bend: a bend segment that is produced and
d is used to qualify the bendingprocedure.

transition zone: the area, at the tangentpoints of a bend,
that covers the change (transition] from unheated to
heated njaterial.

NOTE: THe terms bender and manufacturer are used inter-
changeablly in this Standard.

1.11 Ordering Information

The pyrchaser{shall be responsible to specify all the
ordering infermation necessary to purchase the

=]
needed Bends/ Examples of such information include,
but are

pipe (or for pipe welded with a joint efficiency:factor
of 1.0) of equivalent material (as shown by cemparison
of composition and mechanical properties in|the respec-
tive material specifications) in accordance-with the fules
established in the applicable sections. of'the referencing
code for pressure piping. For these cdlculations, appli¢able
data for the nominal size, nominal wall thickness] and
material equivalent to that ©f{the bend material ghall
be used. Nominal size, nominal wall thickness, and mate-
rial identity markings on-th€ bend may be used in lipu of
pressure-rating markings.

2.2 Design of-Bends

The required internal pressure design thickness gt the
intrados(ihside radius) of the bend shall be determinjed in
accordance with eq. (1). The thickness at the neutra] axis
(see'Figure 2.2-1) and on the extrados (outer radius) ¢f the
bénd shall be no less than the mating pipe design thickness
or the customer-specified minimum wall thickness

> 4HR/D,) — 1], )
4(R/D,) -2
where
D, = nominal outside diameter
R = bend centerline radius
t = nominal design wall thickness (see para. 2|1)
T; = minimum required thickness at the intrad¢s
3 SIZE

The diameter of bends shall be identified by the norhinal
pipe size (NPS) as defined in ASME B36.10 (e.g., NP{ 24).
Alternatively or in addition, the marking may includg the
nominal size as defined in ISO 6708, which consists df the
letters “DN” followed by a dimensionless whole nuber,
which is indirectly related to the physical size, in nilli-

atlimited to_the Fn”n\/\ring-
(a) quantity

(b) description of bend and nominal dimensions (i.e.,
size, bend radius, wall thickness, bend angle, tangent
lengths, etc.)

(c) steel composition by grade

(d) seamless or welded

(e) specification number (including year)

(f) supplementary requirements from section SR15

(g) additional requirements

meters, ol the outside diameter of pipe to which the
bend is intended to be welded (e.g.,, DN 600).

4 MARKING
4.1 Standard Marking

Each bend shall be marked on the outside surface within
300 mm (12 in.) of one end to show the following:
(a) manufacturer's name or trademark
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Figure 2.2-1
Bend Dimensional Terms
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(b} heat number er“manufacturer's heat identification

(c] material grade symbol (see para. 11.3 and Table
4.1-1)

(d} B16.49

(e) nomiinal pipe size (NPS)

(f)} nominal wall thickness

(g}bend—radius

When specified by the purchaser, each bend shall be
paint-stenciled with the same information ip 25-mm
(1-in.) or larger letters on the inside surfade within
150 mm (6 in.) of each end, except for NP§ 12 (DN
300) or smaller, which only requires outsid¢ surface
marking. Marking materials shall not advers¢ly affect

(h) bend angle

(i) postbending, heat-treatment condition (see
para. 9.4)

(j) supplementary requirements (if applicable) (see
section SR15)

Marking may be in any consistent units (metric or
customary) but care shall be taken to avoid confusion.
Use “X” and grade in lieu of “P” and grade for material
designation for the customary stamping option.

Tt oT—Ccoatrt

4.2 Depth of Stamping

Where steel stamps are used, care shall be taken so that
the stamping is not so deep or so sharp as to cause
cracking, or to reduce the wall thickness of the bend
below the minimum allowed.
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Table 4.1-1
Tensile Properties

Minimum Tensile Properties

Maximum Hardness

Yield Strength, Tensile Strength, HBW HRC
Grade (Symbol) MPa (ksi) MPa (ksi) Elongation, % [Note (1)] [Note (2)]

P241 (X241) 241 (35) 414 (60) 20 238 22
P290 (X290) 290 (42) 414 (60) 20 238 22
P317 (X317) 317 (46) 434 (63) 20 238 22
P359 (X359) 359 (52) 455 (66) 20 238 22
P386 (K386) 386 (56) 490 (71) 20 238 22
P414 (K414) 414 (60) 517 (75) 20 238 22
P448 (K448) 448 (65) 531 (77) 18 238 22
P483 (K483) 483 (70) 565 (82) 16 247 24
P552 (K552) 552 (80) 621 (90) 16 247 24

GENERAL NOTE: Intermediate grades may be purchased subject to agreement between the purchaser and manufacturer.

NOTES:

(1) HBW (Hardness Brinell) is the primary number.

(2) HRC (Hardness Rockwell C) is an approximation based on ASTM E140 hardness conversion.

4.3 Compliance

Markirlg B16.49 on the bend designates that the bend
was marjufactured in conformance with ASME B16.49.
Adding the prefix “ASME” is optional.

Table 5.1-1
Maximum Limits of Chemical Elements
That May Be Used

Elerhent Symbol Maximum, %
Carbon C 0.30
Manganesg Mn 1.60 [Note (1)]
Phosphorus P 0.025
Sulfur S 0.015
Silicon Si 0.50
Chromium| Cr 0.30
Molybdenym Mo 0.25
Vanadium \' 0.10
Copper
Nickel Ni 1.00
Niobium Nb (Cb) 0.10

GENERAL NOTE: The chemical requirements of this table are not
intended to represent the composition of any heat of steel, but to
record the maximum permissible amounts of individual elements.

NOTE: (1) For Grades P483 (X483) and higher, for each reduction of
0.01% below the specified maximum carbon content, an increase of
0.05% above the maximum manganese content is permissible, up to a
maximum of 2.00%.

5 MATERIAL
5.1 Starting‘Materials

Bends‘covered by this Standard shall be produced from
carbofisteel pipe or cylinders having a chemistfy in
conformance with Table 5.1-1. Pipe may be furnigshed
bythe purchaser or supplied by the manufacturer. Stafting
pipe shall be seamless, submerged arc welded (SAW), or
high frequency electric resistance welded (ERW). Heli-
cally welded pipe is allowed, provided the more strirjgent
testing requirements of para. 11.1.3(b) are met. Stafting
material shall be free from low-melting-temperdture
metals, cracks, nicks, gouges, waves, buckles, or gther
such surface contamination defects that may inhibit
successful completion of a bend. Pipe or cylin/ders
formed from thermomechanical controlled prgcess
(TMCP) may be used with caution. Since TMCP mafterial
results in loss of strength when heated over 2p0°C
(500°F), this type of material is seldom used for induftion
bends. Acceptable forming methods and heat treatment
shall be as agreed between the purchaser and manpfac-
turer.

5.1.1 Contamination. Contamination of pipe surfaces

before or during bending by low-melting-temperdture

- 2 2 ized: Hum)

can have serious effects on the bending process and

the finished bend properties. Contact with such metals
shall not be allowed.

5.1.2 Surface Condition. Prior to bending, material
Grades P359 (X359) and higher shall be grit-blasted to
a commercial finish (SSPC-SP 6) as a minimum on
those sections to be bent.
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6 MATERIAL FOR BENDS CONTAINING WELDS

6.1 Longitudinal Weld Seams

6.1.1 Seam welds in pipe made to an API, ASTM, or CSA
specification must meet welding and nondestructive
examination (NDE) requirements of that specification.

6.1.2 Other pipe or cylinders not manufactured to the
above specifications shall be made by welders, welding

8.1 Tensile Properties

The tensile properties shall be determined for the quali-
fication bend in accordance with ASTM A370. The yield-to-
tensile ratio shall not exceed 0.90, except for Grade P483
(X483) and higher, for which the ratio shall not exceed
0.93. When the strength of the bend does not meet the
ordered strength, the manufacturer may provide, with

purchaser approval, bends of comparable strength to
the Hpcign pipe The thickness of the bend shall be at

operfators, and welding procedures quatitied under the
proyisions of the ASME Boiler and Pressure Vessel
Coddg (BPVC), Section IX. Before bending, 100% of each
weld seam shall be radiographed in accordance with
ASME BPVC, Section VIII, Division 1, UW-51 and shall
meet the acceptance criteria specified therein.

In|place of radiographic examination, welds may be
ultrgsonically examined in accordance with ASME
BPV(, Section VIII, Division 1, Mandatory Appendix 12.

6.1.3 The longitudinal weld seam should be located on
the fgeutral axis (¢ = 0 deg or 180 deg in Figure 2.2-1).
Wheph this is not possible, the weld seam shall be located
not more than 15 deg from the neutral axis. Helically
welded pipe is an exception to this weld location require-
ment.

6.2 |Girth Welds

Bdnding through a girth weld shall not be allowed
unlegs agreed upon between the purchaser and manufacz
turer.

7 CHEMICAL COMPOSITION

THe chemical composition of each hedt')of material
furnished to this Standard, as determined by a product
analysis, shall be in accordance with~Table 5.1-1. Each
elemlent specified in Table 5.1-1-shall be tested for and
repdrted on the material teSt'report required in
sectjon 14. The carbonsequivalent (CE) shall not
excepd 0.45% as computed-by eq. (2):

(E:C+& « (Cr+l\5/[o+V) N (CulJ;Ni) @

8 MATERIAL PROPERTIES

The properties of the bend, as determined for each lot,?
shalll be”in accordance with the ordered grade listed in

least equal to the specified design pipe thickingss multi-
plied by the ratio of the specified minimum-yield strength
of the pipe and the minimum tested yield strength of the
bend. For bends from welded pipe of-NPS 8 (DIN 200) or
larger, a transverse weld tensile test in the final heat-treat
condition shall be conducted.to.determine the| ultimate
tensile strength. See para, 11.1.1 for number,|location,
and orientation of test samples required.

8.2 Fracture Toughness Properties

Notch toughness'properties of the bend matefrial in the
final heat-tréated condition shall be determingd on the
qualification bend in all locations spedified in
Figure 8.2-1 or Figure 8.2-2 by a set of three transverse,
full<size, Charpy V-notch specimens, with or without
tapering® the ends, in accordance with ASTM A370.
When the material wall thickness does nof permit
machining full-size (10 mm x 10 mm) specimens, the
largest size possible of %, size, % size, or % $ize shall
be substituted. All dimensions other than thickness are
the same for full-size specimens. Specimens| shall be
taken with the axis transverse to the longitudinal axis
of the bend. If material wall thickness does ot allow
at least a 1/2-size Charpy specimen, no impact festing is
required. Specimens shall be tested at -10°( (+14°F)
or lower, unless otherwise specified by the purchaser
(see para. SR15.4), and shall achieve an averdge shear
area for all specimens of at least 50%, with no one
specimen less than 40%. In addition, all sgecimens
shall exhibit a minimum absorbed energy valye of 27 ]
(20 ft-1bf) for Grade P386 (X386) and lowgr, and a
minimum of 54 ] (40 ft-1bf) for grades higher than
P386 (X386). Weld metal shall meet an absorbed
energy value of 27 J (20 ft-1bf) minimum for a]l grades.
If using reduced specimens, the impact valuey may be
reduced in accordance with the correction [ratios in

Table 4.1-1.

! A heat of material shall consist of all pipe or cylinders from the same
manufacturer and produced from a single cycle of a batch melting
process.

2 Alot shall consist of all bends from the same heat of material given the
same heat treatment in a controlled furnace within a range of +15°C
(*25°F).

ACTN _A270Q __C 11 1.2 £ 1 3 3
ASTM-ASFAO—Seepara—ti-12torroeatter—of testing

samples required.

8.3 Hardness Testing

Hardness tests shall be performed in accordance with
ASTM A370 on the bend as required in para. 11.1.4. To
verify uniformity in the bending process, all production

3 When tapered-end specimens are used, the tapering shall not reduce
the specimen length on one side below 28 mm (1.1 in.) or the end thick-
ness below one-half the nominal specimen thickness.
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Figure 8.2-1
Test Specimen Locations and Orientations — Longitudinal Seam
— Start
transition zone
T, CVN, H

<

/\x Tangent

T,CVN, H
T, CVN, H

Sufficient arc to
provide for@lltesting

Finish transition ——==

zone T, CVN, H

Legend:
CVN A transverse Charpy V-notch specimen, set of three
H q hardness reading
T H transverse or longitudinal tensile specimen, size dependent

bends shjll be tested for hardness in the same loeations as
the qualilication bend. The correspondingareas shall have
average hardness readings not varying by*more than 30
Brinell hprdness, or equivalent, from the average value
measurgd in the same locatiofi of the qualification
bend, with no average equating to a tensile strength
less thar] that required in Table 4.1-1 for the material
grade marked on the bend: Use an average of at least
three repdings for each location tested. The type of
portable hardness-tester used on production bends
shall be the samé@s used on the qualification bend. All
testing shall bé'conducted in the final heat-treated condi-
tion. No hardness measurement shall exceed the

9 HEAT TREATMENT
9.1 Type

Unless otherwise specified by the purchaser, each bend
shall be heat-treated after bending (exceptas permitted in
para. SR15.1) by one or more of the following methods:

(a) Stress Relieve or Temper. Uniformly, heat betyveen
480°C (900°F) and 675°C (1,250°F) and hold at tempera-
ture for at least 30 min per 25 mm (1 in.) of thickndss at
temperature, but not less than 30 min.

(b) Normalize. Heatabove the transformation tempera-
ture range and hold at temperature for a minimum pf 20
min per 25 mm (1 in.) of thickness, but not less thgn 20
min, and allow to cool in still air.

(c) Quench and Temper. Heat above the transformation
temperature range and hold at temperature for a
minimum of 20 min per 25 mm (1 in.) of thickiness
and direct quench in water, oil, or a synthetic quenchant.

and uniform cooling.

9.2 Heat-Treatment Procedures

Heat-treatment procedures shall be available for review
at the facility and shall include requirements for furnace
temperatures and soak times at temperature. For quench
treatments, cooling medium temperature before and after
quench shall be controlled along with time from the
furnace to the quench tank. Cooling medium temperature
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Figure 8.2-2
Test Specimen Locations and Orientations — Helical Seam

Top weld and HAZ
T, CVN, H

Bottom weld and HAZ
T, CVN, H

Finish transition zone

T, CVN, H

Extrados weld and HAZ
T, CN, H _\

Leggnd:
JQVN = transverse Charpy V-notch specimen, set of three
H = hardness reading

and jgitation should be considered to ensurée proper
ing rate based on maximum mass being heat

lently for scale build-up, burner malfunction, loss of
refrgctory material, or hot spots on the shell of the furnace
that [can affect their functioning properly.

9.3 [Equipment

Al furnace heat-treatment equipment shall have a
recopding device that is calibrated at least quarterly.
Heatttreat furnaces shall be surveyed annually, or at a
shorfer interval, as necessary to maintain uniformity of
heat|treatment, or thermocouples shall be attached to
each| furnace load. Thermocouples shall be calibrated

surveys, thermocouple callbratlons and, if used, thermo-
couple readings for each furnace load. The furnace shall be
controlled within a range of +15°C (x25°F). The adequacy
of the furnace working zone to achieve and to maintain
temperature uniformity of +15°C (*25°F) shall be estab-
lished by annual survey in accordance with a recognized
standard (e.g., ASTM A991/A991M) and records shall be
retained.

T = transverse or longitudinal tensile specimen, size dependent

\— Intrados weld and HAZ
T, CVN, H

9.4 Heat-Treat Designators

Each bend and the material test report (see section 14)
shall be identified with one of the following depignators
indicating final heat-treat condition:

N = normalize

NT = normalize and temper
QT = quench and temper
SR = stress relieve

10 QUALIFICATION BEND

10.1 Essential Variables

end shall
a b demon-
strate the sultablllty ofthe bendlng procedure to provide a
product meeting the required dimensions and material
properties. This bend and tangent section shall be of
adequate length to obtain all the required test
coupons. All bends (i.e., qualification and production)
shall be completed in a continuous heating cycle
without stops or starts, unless such areas are included
in the bend procedure qualification testing and found ac-
ceptable. Postbend heating for production bend dimen-
sional corrections is not allowed unless covered in the

Prior to productlon bending, a quallflcatlon b
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Table 10.1-1
Limits on Essential Variables

Limits of Variation
+3 mm (+0.12 in.)
+1R -0

Essential Variable

Pipe wall thickness

Bend-radius-to-diameter
ratio (R/D,)

Forming velocity +2.5 mm (+0.1 in.) per min

+25°C (£50°F) from the qualification
temperature

Forming temperature

qualification bend testing shall be conducted on a bend
representative of the final heat-treat condition. The
production bend tests shall be conducted on each bend
in the same final heat-treat condition as that which
produced the qualification bend.

11.1 Qualification Bend Requirements

11.1.1 Tensile Testing. Transverse tensile samples for
NPS 8 (DN 200) or larger shall be taken from the tangent,

Coil desig] No change allowed
No change allowed

+15°C (+25°F)

Coolant type

Cooling witer
temperature

+10% change in flow rate (or
equivalent rate in pressure)

Flow rate/pressure
of coolapt

Weld sean|
Heat treatjnent

15 deg from the neutral axis

+15°C (£25°F) in holding
temperature or any change in

procedure
Induction heating +20%
frequengy
Soaking tifne 0 min to 15 min

Bending tgmperature +20°C (+36°F)
recordedl by pyrometers

located [L80 deg from

each otler on the

intradoq and extrados

qualification bend procedure. The procedure qualification
shall accqunt for the essential variables required to makea
bend. WHen any of these essential variables change,anew
qualificafion bend must be made. The manufacturer’s
quality dssurance program shall include procedures
that ensfire that the essential variables‘\are properly
controlled. This includes equipment calibration frequency
as necesdary for control but in no case less than annually.
Essential| variables are shown in(Table 10.1-1.

10.2 Refords

10.2.1|Bend Qualification Procedure. Each manufac-
turer shall prepare a wrritten procedure that demonstrates
that bendls having suitable properties such as strength,
ductility,|land hatdness can be formed by that procedure.
These rqcords,'shall be available for the purchaser’s
review. Changes in the essential variables beyond the

the transition zone, and the bend segment at both the
intrados and extrados for each lot of material as
shown in Figure 8.2-1 or Figure 8.2-2) For {izes
smaller than NPS 8 (DN 200), either transverse or lpngi-
tudinal test specimens shall be used. If thetangents and/or
transition zones are not left integral to'the bend, no tensile
tests are required except on the bend. See Figure 8.2}1 or
Figure 8.2-2. Bends manufactukred where the entire lgngth
of the finished bend, includifig-the tangents, is subjectied to
the same continuous heating, cooling, and speed pafram-
etersare not consideréd to have transition zones requiring
testing. Testing samples are preferred to be from unflat-
tened specimens;\However, cold-flattened transyerse
specimens may’be used, provided considerati¢n is
given to the amount of cold-working and the effects
that coldsworking might have on the test results heing
representative of the final finished bend.

11.1.2 Fracture Toughness Testing. A set of three
transverse Charpy V-notch impact specimens shall be
taken from the tangent, the transition zones, and the
bend at both the intrados and extrados for each lpt of
material. See Figure 8.2-1 or Figure 8.2-2 for locatiions.
[fthe tangents and/or transition zones are not left intpgral
to the bend, no impact tests are required except on the
bend. See Figure 8.2-1 or Figure 8.2-2.

11.1.3 Weld Testing

(a) Longitudinal Seams. The tensile, impact, and hard-
ness tests shall be performed on the pipe or cylindey lon-
gitudinal seam weld at the locations shown in Figure §.2-1.
Acceptance criteria shall be as specified in parag. 8.1
through 8.3 and 11.1.4.

(b) Helical Seam. The tensile, impact, and hardness
tests shall be performed on the pipe or cylinder he¢lical
seam at the locations shown in Figure 8.2-2. Accepfance
criteria shall be as specified in paras. 8.1, 8.2, 8.3] and

limits of variation shown in Table 10.1-1 shall require
a new qualification bend test and procedure.

10.2.2 Testing Results. All applicable testing results
shall be part of the records.

11 TEST REQUIREMENTS

The testing requirements differ between the qualifica-
tion bend and the production bends. The following re-
quirements apply in the locations specified. The

tt+

11.1.4 Hardness Testing. The bend shall be tested for
average hardness in all the same locations as the tensile
tests are taken as well as each transition zone. In addition,
an average hardness reading shall be taken from a
minimum of two locations in the bend at the extrados
and intrados. The allowable difference between the
minimum and maximum hardness readings for a quadrant
around the circumference is 30 Brinell hardness number,
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or equivalent, if another testing method is used. See
Figure 8.2-1 or Figure 8.2-2.

11.2 Production Bend Requirements

To demonstrate uniformity between the qualification
and production bends, each production bend shall be
hardness tested in all the same locations as the qualifica-
tion bend. In addition, hardness readings shall be taken for
each_additional 30 deg of arc beyond the gualification

design requirements of para. 2.2. Inspection shall be
done using compression wave ultrasonic examination
by calibrated equipment that meets a procedure devel-
oped by the manufacturer to ensure accurate readings.

12.4 Inside Diameter

12.4.1 Welding Ends. For NPS 36 (DN 900) and smaller,
theinside diameter tolerance at the bevel face shall be £2.5
mm (+0.10 in.). For larger sizes, the inside diameter toler-

bend angle. All values within like quadrants around
the cjrcumference shall be within the same range as deter-
mingd in para. 11.1.4. No readings shall exceed the
maxjmum specified in Table 4.1-1, and no average
shalll equate to a tensile strength less than the
minimum required in Table 4.1-1 for the specified grade.

11.3| Testing Results

THe bend shall be marked with the appropriate grade
symlpol of Table 4.1-1 based on the test results for all loca-
tiond meeting the minimum values specified for that grade.
If thg bend strength is different from the mating pipe, and
the spibstitution of wall thickness for yield strength is used
in acrordance with para. 8.1, both the bend grade and the
interjded mating pipe grade shall be marked on the bend
(ie. |P414/X483).

12 DIMENSIONAL REQUIREMENTS

THe dimensional requirements in section 12 shall be
met pn each bend.

12.1| Ovality

Ovality shall be measured throughout\the bend and
tangents. The difference between the maximum and
minifnum outside diameter shall nmotvexceed 3% of the
nomj|nal mating pipe outside diameter within the bend
and [ % at the welding end. The, purchaser and manufac-
turef may agree to a different ovality tolerance (see
paral SR15.3).

12.2| Outside Diameter

THe outsidesdiameter of each welding end shall be
withjn 1% of'the nominal mating pipe outside diameter.
The fliameter throughout the bend and the remainder of
the thrigents need only meet the ovality tolerance, unless

ance shall be #3 mm (+0.12 in.).

12.4.2 Body. Unless otherwise agreed tp by the
purchaser, the average internal diameter/at any location
in the bend shall not be less than 97% of the minimum
specified mating pipe internal diameter. Proof ¢f confor-
mance to this requirement,shall be demonsfrated by
passing a sphere or othervsuitable gaging device
through the bend withoutassistance of power equipment.

12.5 End Preparation

Welding ends.shall be beveled using ASMK B16.25,
Figure 3.1-%.illustration (a) or Figure 3.1-2, illustration
(a) end preparations unless otherwise specifi¢d by the
purchaser:

12:6 Bend Dimensional Tolerances

The bend angle, center-to-end dimensions, bend radius,
chord lengths, squareness, and bend plane|shall be
measured and recorded for each bend. The t¢lerances
on the ordered dimensions shall be as follows

Dimension Tolerahce
Bend angle Y, deg
Bend radius +1%
Bend plane +1 deg

End squareness
NPS 36 (DN 900) and smaller
Greater than NPS 36 (DN 900)
Linear dimensions
NPS 24 (DN 600) and smaller
Greater than NPS 24 (DN 600)

+2.4 mm (+0.09 in.)
+3 mm (+0.17 in.)

+5 mm (+0.19 in.)
+6 mm (+0.23 in.)

See Figure 12.6-1, illustrations (a) and (b).

13 INSPECTION OF PRODUCTION BENDS

the renaserdindmanulacturer agree to Otner tolerances.

12.3 Wall Thickness

The wall thickness shall be checked in sufficient loca-
tions throughout the bend to ensure that the minimum
wall does not fall below 90% of the nominal mating
wall thickness marked on the bend (or below the
purchaser-specified minimum wall thickness). This
below-tolerance allowance does not apply to those
areas determined to need reinforcement as a result of

13.1 Workmanship and Finish

If required for inspection, all bends shall be grit-blasted
or shot-blasted clean to a bright metal finish in accordance
with SSPC-SP 6. All bends shall be visually examined on all
accessible surfaces for laminations, cracks, notches,
gouges, arc burns, wrinkles, or other defects. Surface
imperfections shall be removed by grinding or machining,
provided they are not deeper than allowed in para. 12.3.
Repair by welding of base metal or weld metal is not
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Figure 12.6-1
Measurement of Bend Angle and Out-of-Squareness

Center of bend
Center to end /;xtension

Canterline-axis

(a) Measurement of Bend(Angle by
Measurement and Calculation

—>| | <= Out-of-squareness

—>

Out-of-squareness

i<—0u'r-nf-sq.ua.|:e.ne.ss

[

U \

(b) Measurement of Out-of-Squareness

10


https://asmenormdoc.com/api2/?name=ASME B16.49 2023.pdf

(23)

ASME B16.49-2023

permitted without purchaser approval. It is characteristic
of the induction process that an upset occurs at each
tangent point (transition) of a bend. These are of a
cosmetic nature and are not classified as injurious
defects, provided these upsets have a dimension
measured from peak to valley not exceeding 2% of the
pipe outside diameter.

13.2 Nondestructive Examination

SR15 SUPPLEMENTARY REQUIREMENTS

The supplementary requirements (see paras. SR15.1
through SR15.8) are not applicable to the product furn-
ished to this Standard except when specified on the
purchase order or otherwise agreed upon. When specified
or agreed upon, supplementary requirements shall have
the same force as requirements of mandatory sections 1
through 14. Each bend shall be marked with the applicable
SR15.1) after the

cnnn]nmnnfnrv reauirement (ﬂ (o3
rr J T T O

THe entire extrados of each bend Grade P359 and
highpr, from neutral axis to neutral axis including the
weld seam, shall be a magnetic particle or liquid penetrant
examined for injurious defects. The area shall be free of
cracks, laps, or laminations. All rounded indications
greafer than 3 mm (0.12 in.) in any direction shall be clas-
sifiedl asimperfections and shall be removed asrequired in
para| 13.1.

13.3

An inspector representing the purchaser shall be
authprized access to areas of the manufacturer’s facility
that|involve the manufacture of the ordered bends. All
testing records, welding records, etc., shall be available
for ipspection prior to shipment.

Outside Inspection

14 CERTIFICATION

A Certified Material Test Report (CMTR) and bend
repqrt shall be furnished listing at a minimum the
followving information:

(a) statement that the product was manufactured,
sampled, tested, and inspected as specified.in this Stan-
dard)and the purchaser order, and was foundyto have met
such| requirements

(b} name and location of bend manufacturer

(c] results of chemical composition product analysis
(inclpding CE); see section 7 ,and-Table 5.1-1

(d) tensile properties of<the qualification bend, test
specjmen size, and tensilestréngth of weld (if applicable);
see para. 8.1

(e} impact properties of the qualification bend to
inclflde size, orientation, temperature, and actual
results for each.specimen; see para. 8.2

hardnessresults of the qualification bend and each
production'bend; see para. 8.3
(g) heat treatment method used including tempera-

normal marking required in para. 4.1.

SR15.1 Heat Treatment

Bends can be furnished in an “astbent” condition. The
properties of section 8 must be met for that heat of mate-
rial offered. Each bend shall besidentified with “AB SR15.1”
as the heat-treat designator.

SR15.2 Nondestructive Examination

Magnetic particle or liquid penetrant examinaltion shall
be performed oh-the bend area including the [intrados,
extrados, and\weld seam. No cracks are pernfitted. All
other indications will be addressed by an agreement
between the purchaser and manufacturer. All ingpections
shallbe done by personnel and procedures apgroved by
thieypurchaser.

SR15.3 Segmentable Bends

Bends required to be suitable for segmentatioh shall be
provided with an ovality through the bend and tangents of
1% maximum.

SR15.4 Fracture Toughness

Notch toughness requirements other than thgse speci-
fied shall be by agreement between the purchaser and
manufacturer. This can include lower test temperatures,
greater absorbed-energy requirements, or different shear
area requirements.

SR15.5 Sour Gas Applications

Bends required for sour gas applications shal
ished to meet ANSI/NACE MR0175/ISO 15156
maximum hardness and nickel content. Bends
Grade than P483 are prohibited.

be furn-
ncluding
pf higher

tures and hold times; see para. 9.1
(h) bend qualification procedure; see para. 10.2
(i) seamless or welded including type of weld
(j) nondestructive examination results; see para. 13.2
(k) dimensional report including wall thickness
(1) applicable supplementary requirements (see
paras. SR15.1 through SR15.8)

11

SK15.6 Weld Seam Examination: UT

SR15.6.1 In lieu of radiography, each weld seam in a
pipe or starting cylinder may be ultrasonically tested.
Acceptance criteria shall be by agreement between the
purchaser and manufacturer.

SR15.6.2 Each bend shall be ultrasonically examined
for the full length of weld from bevel end to bevel end after
forming and final heat treatment. Testing procedure and
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acceptance standards shall be as agreed upon between the
purchaser and manufacturer.

SR15.7 Weld Seam Examination: RT

Each bend shall have the weld seam 100% radio-
graphed for the full length from bevel end to bevel end
after forming and final heat treatment. Testing procedure
and acceptance standards shall be as agreed upon
between the purchaser and manufacturer.

SR15.9 Manufacturing Procedure Specification
(MPS)

Induction bends shall be manufactured in accordance
with a documented manufacturing procedure specifica-
tion. If specified by the purchaser, manufacturing shall
not proceed until the MPS has been approved by the
purchaser. The MPS shall specify the following:

(a) starting pipe or cylinder information including
funa—an d - dimmancionc

arada

SR15.8

SR15.§
lower ¢
between

SR15.8.2 Acceptance of previous bend qualification
proceduiles based on similar material chemistries shall
be as agreed upon between the purchaser and manufac-
turer. Thfs can include variations to other essential vari-
able reqyirements if agreed upon.

Chemistries

.1 Alternative chemical requirements and/or
rbon equivalent shall be as agreed upon
the purchaser and manufacturer.

Sracty

(b) testing and inspection requirements for both-duali-
fication and production bends

(c) bending process

(d) details of postbend heat treating

(e) additional requirements (e.g;-end preparation,
marking)

SR15.10 Inspection Test Plan (ITP)

The inspection and testing to be performed during the
qualification and production shall be summari]zed.
Production shall not_start until the ITP is approvdd by
the purchaser. Hold points shall be identified.

12

(23)

(23)


https://asmenormdoc.com/api2/?name=ASME B16.49 2023.pdf

