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FOREWORD

In 1993, members ol the ASME B31.8 Code for Pressure Piping, Gas Transmission and Distribution Piping Sysiems
Comimitiee approached the B1n Commitiee 1o develop a standard that covers pipeline bends produced by the mduction
bending process.

Subcommittee F reviewed the request and identified that no cunrrent specification covered this product to the satisfac
tion of the users. [ was also determined that this Standard would need to be more performance-based [han must other
B16 standards, which are normally product standards with set dimensional requireimerifs.

Al the 1994 meeting of Subcommitiee F, the project 1o develop 4 standard was accepted. Through the cooperation o
producers and users familiar with the process. and with approval by the Standards Committee and ASME, ASME B16.49-
2000 received approval as an American National Standard on April 25, 2000,

In 2005, the Committee undertook a general review of (his document. Based on the usape of Lhis Standard over e last 5
years, o number ol revisions, clarifications, and additions were determined to be needed 10 mike Lhe document more user
(riendly. Some reguirements were dropped, revised, and clarified o reflect the desires of the users and manufacturers
The reference data were updated and the interpretation section was removed from the Standard. These revisions were
incorporated into the B16.49-2007 edition..

In 20012, the Committee reviewed this document and made revisions to requirements b hardness testing and updated
the relerences lound In Mahdatory Appendix L ASME B16,49-2012 was apgiroved by the American National Standards
Institute (ANSI) on Octeber 22, 2012

In this 2017 Edition, provisions have been made to update verbiage and readings. Following the approval by the ASME
B16 Standards Committee, approval as an American National Standard was given by ANSI on Seplember 7, 2017, with the
new designation ASMEB16.49-2017,
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CORRESPONDENCEOREWMORIE B16 COMMITTEE

General. ASME Standards are developed and maintained with the intent to représent the consensus ol concertied
interests. As such, users of this Standard may mteract with the Committes by requesting miterpretations, proposing
revisions or a case; and attending Committee meetings: Correspondence should be addressed to:

Secretary, B16 Standards Committes

The American Society of Mechanical Engineers
Twao Park Avenue

New York, NY 10016-5900

http//go.asmeorg/ Inquiry

Proposing Revisions. Revisions are made periadically to the Standard to incorparate changes that appear necessary
or desirable, as demaonstrared by the experience gained from the application of the Standard. Approved revisions will be
published periodically

The Commiitee welcomes propoesals for revisions to this Standard. Such proposals should be as specific as possible,
citing the paragraph number(s], the proposed wording, and a detailed deseription of the reasons for the proposal
including any pertinent documentation,

Proposing a Case. Cases may be issued (o provide alternative rules when justified, to permit early implementation of
an approved revision when the need s urgent, or te provide rules not covered by existing provisions. Cases are effective
immediately upen ASME approval and shall be posted on the ASME Committee Weh page.

Requests for Cases shall provide a Statement of Need and Background [nformadon The request should identifv the
Standard and the paragraph. figure. or table number(s) and be written as a Question and Reply in the same format as
existing Cases. Requests for Cases should also indicate the applicable edition{s] of the Standard to which the proposed
Case applies.

Interpretations, Upon request, e B16 Standards Committee will render an mnterpretation af any requirement of the
Standard Interpretations can only be rendered (n response to a written reguest sent to the Secretary of the B16 Standards
Commitiee.

Reguests for interpretation should preferably be submitted through the online Interpretation Submittal Form. The
form is accessible at http: //go.asme.org/InterpretationReguest. Upon submittal of the form, the Inguirer will receive an
automatic e-mail confirming receipt. _ - |

il the Inguirer is unable w pse the online form, he/she may e-mail the request to the Secretary of Lthe Bln Standards
Committee al SecretaryB16@asme.org, ur mail it to the above address. The request for an interpretation should be ¢lear
and unambiguous: [Uis further recommended that the lnquirer submit his/her request in the following format:

Subject: Cite the applicable paragraph numbev{s| and the topic &f the inquiry in one or two words.
Edition: Cite the applicable edition of the Standard tor which the Interpretation s being requested.
Question; Phrase the question as 4 reqiiest for an imterpretation of a specific reguirement suitable for

general understanding and use, not as a reguest lor an approval ol a proprietary design or
situation. Please provide a condensed and precise question, tomposed in such 3 way that 4
“yves"or “no” reply isacceptable

Proposed Reply(ies): Provide a proposed reply(ies) in the form of "Yes” or "No," with explanation as needed, If
entering replies to more than une yuestion, please number the questions and replies,

Backeground Information: Provide the Committee with any background information that will assist the Committee in
understanding the inquiry, The Inquirer may also include any plans or drawings that are
necessary te explain the question; hewever, they should not contain propriefary names or
lormation.

Requests that arenot in the format described above may be rewritten in the appropriate format by the Committee prior
to being answered, which may inadvertently change the intent of the original reguest

Vi



Mareover, ASME dees not act as a consultant tor specfic engineering problems or for the general application or
understanding of the Standard requirements. If, based on the inguiry information submitted, it is the opinion of
the Commitiee that the inguirer should seek assistance, the inquiry will be returned with the recormmendation
that such assistance be nhtained,

ASME procedures provide lor recansideration of any tnterpretation when or il additional information that might atfect
an mnterpretation s avallable, Further, persons aggrieved by an interpretation may appeal 1o the cognizant ASME
Committee or Subcommittee. ASME does not “approve,” “certify,” "l":lIE,'.' or “endorse” any item, construction, pl'tjpr'!r:tan}f
devite, or activity:

Attending Committee Meetings. The B16 Standards Committee regiilarly holds meetings and/ov telephone confer-
erices that are vpen to the public Persons wishing to atlend any meeting and/or telephone conference should contact the
Secretary 0f the Bl# Standards Conmmittee,

Vi



ASNIDBEVMIOR017
SUMMARY OF CHANGES

Followingapproval by the ASME B16 Commitiee and ASME, and after public reyview, ASME B16.49-2017 was approved by
the American Natiopal Standards Institite on September 7, 2017

ASME B16.49:2017 includes the fallowing changes identilied by a2 margin note, [17), The Réecord Numbers listed below
are explalned in more detail 1n the "List of Changes in Record Numbey Order” lallewing this Summary of Changes,

Page Lacetion Change (Record Number)
Q 13.1 Second and last sentences revised (12-393)
12 Mandatory Appendiy [ Relervences updated (16-803)

Viil



LIST OF CHANGES IN RECORD NUMBER ORDER

Record Number Change
12-393 Revised para. 13,1 o deétine limits of upsel in B1649 induction bends.
lB-803 Updated Relerences.
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FACTORY-MADE, WROUGHT STEEL, BUTTWELDING
INDUCTION BENDS FOR TRANSPORTATION AND
DISTRIBUTION SYSTEMS

1 SCOPE AND DEFINITIONS
1.1 General

This Standard covers design, maleridl, manulacturing,
testing, marking; and inspection requirements lor factory-
made pipeline beods of carbon steel materials having
contraolled chemistry and mechanical properties,
produced by the nduction bending process, with or
without tangents. This Standard covers induction
bends for transportation and distribution piping applica-
tions [e.g. ASME B31.4 and ASME B318) Process and
power piping have differing requirements and materials
that may ot he appropriate [or the restnctions and exam-
mations deseribed herein and, therefore, are ot included
m this Standard.

1.2 Manufacturing Process

This process utilixes induction heating Lo heat o narrow
band 360 deg around 4 pipe or cylinder al the point ol
bending as the pipe or cylinder is bemng pushed
through the inductor coil at a constant  velocity. After
the matgrial passes through the ¢oil, it may be cooled
by forced air gr water spray, or il may be allewed to
cool In still alr, Bends in any producible wall thickness
and diameter are covered. Induction bends covered by
this Standard may be produced from seamless pipe,
welded pipe, eroylinders,

1.3 Fabricated Bends
Larger angle bends obtamed by girth welding two or

more smaller angle bends together are considered pipe
fabrications and as such, are not within the scope of this
Standard,

1.4 Standard Units
This Standard states values in both SI (Metric) and (LS.

Customary uniis. These systems of units are to bhe

regarded separately as standard. Within the (ext, the

U.S. Custemary units are shown in parentheses. The
values stated 1 edach system are nist exact equivalents;
therefore, it is required that each system of units be used

independently of the other Combining values from the

two  systems  constilutes nonconformance with  the

Standard,

1.5 References

Standards and specifications adopted by reference in
this Standard are shown in Mandatory Appendix |, It is
not practical to identify the specific edition of each stan-
dard and spectlication In the Individual reterences.
Instead, Lthe specille edition reference 1s wWentified in
Mandatory Appendiz [ A product made in conformance
with a prior edition of reference standards and in all oither
respects conforming 10 this Standard will be Considered Lo
be m compliance,

1.6 Codes and Regulations

A bend used under the jurisdiction ofa referencing code
or governmental végulation is subject Lo any limitation of
that c¢ode or regulation: This includes any maximum
temperature lmutation or rule governing the use of a
maferial at low temperature:

1.7 Service Conditions

Critevia lor selection of bend material for a particular
Twid service are not within the scope al this Standard,

1.8 Convention

For determiring conformance with this Standard, the
canvention for fixing significant digits where limits
[maxinum and mintmum valies) are specilied shall be
as tefined in ASTM T29 This requires that an ohserved
or calculated value be rounded off to the nearest onitin the
last right-hand digit used for expressing the limit Decimal
values and tolerances do ool imply a particular method of
measurement.

1.9 Quality Systems

Requirements relating to the manufacturers’ guality
systemy  programs  are  described  in Nonmandatory
Appendiz A

1.10 Glossary

hend qualification procedure: a document that specifies the
properties of the starting pipe; the equipment to be used,
the hending parameters; the qualification bend test
results; and the postbend, heat-treat =guipment, and
cycle used for the manufacture of the bends. If nondes-
trietive testing of Lhe bend is required, procedures
that have not been approved previously shall be
submitted.
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evlinder: a joint of pipe produced by a rolling and welding
plate, as ppposed to a joint of pipe produced in accordance
with a recognized specification.

extradas: the outside are af the bend.

mtrados: the inside arc ol the bend.

riinimum (desiqin) weall thickness. the wall thickness speci-
fied or computed inaccordance with the piping code as the
minimum acceptalile Tor the temperature and pressure
application,

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

avality, %: [[Q.1D. max. — 0.0, min.)/(0.D. nom)] = 100,
where 0.0, 1s a linear measurement of the maximum,
mimimunm; or nominal outside diameter.

qualification bend: a bead segment that is produced and
tested, and is used to qualify the bending procedure

transitignyzone: the drea, at the tangent pomts of a beul,
that covers the change (wansition) [rom unheated to
heated material.

NOTE: The terms benderand manufnciurar are useil Inter-
changeably in this Standard.

1.11 Ordering Information

The purchaser shall be responsible to specify all Lhe
ordering information necessary 1o purchase the
needed bends, Examplis of such information include, but
are not limited to. the following: |

() yuantity

(b) description ol bend and nominal dimensjons [ie,,
size, bend radius, wall thickness, bend angle, 1angent
lengths, etc:)

f¢c] steel composition by grade

() seamless or welded

(e} specilication number (including year)

(f] supplementary requirements from sectinn SR15

;g} additional regul rements

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

2 PRESSURE RATINGS

2.1 Basis of Ratings

The allowable internal pressure rating for bends
designied in accordance with this Standard shall not be
less than that which is calculated for straight seamless
pipe (or for pipe welded wilh a joind efficiency laclor
of 1.0) of equivalemt materal (as shown by comparison
ot composition and mechameal properties in the respec
tive material specifications) in accordance with the rules
egtablished in the applicable sections ol the referencing
code [or pressure piping. For these caleulations, applicable
data [or the nomimal size, hominal wall Unckness, and

material equivalent to that ol the hend material shall
be used. Nominal size, nominal wall thickness, and mate-
rial Identity markings on the beud may be vsed in liew of
pressure-rating markings.

2.2 Design of Bends

The required internal pressure design thickness at the
Intrados (inside radius) of the bend shall be determined Iy
accardance with gq. (1) of this Standard. The Lhickness at
the neutral axis (see Figure 1) and on the extrados (outer
radius) of the bend shall be no less than the mating pipe
design thickness or the customer-specified minimum wall
thickiess.

T “RDa L (1)
'= A(RIDy) 2

where
Dy =nomingl outside diameter
i = bend centerline radius
Tl = mimimum reguired Uncknessat the mmtrados
t = nominal design wall thickness {see para 2.1)

3 SIZE

The diameterof bends shall be identlfied by the nominal
pipe size (NPS) as defined in ASME B36.10M (e.g., NPS 24).

Altgrnatively or in addition, the marking may include the

nominal size as defined in [SQ 6708, which consists of the
letters "DN" Tollowed by a dimensionless whole number,
wlich 1s indirectly related 1o the physical size, in milli-
meters, of 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
200 mm (]2 i) of one end ko show the Fnllﬂwmg'.

(@) manufacturer's name oritrademark '

(B) heat number or manufacturer’s heat identification

(¢) material grade symbol (see para. 11.3 and Table 1)

(d) B16,49

(e) nominal pipe size [NPS)

(f] neminal wall thickness

(q) bend radius

[h) bend angle

[i] postbending, heat-treatment condlton (see para
4.3)

(1] supplementary reguirements {if applicable) see

sedtion SR15)

Marking may be in any consistent units [metric or
customary] but care shall be taken w avoid confusion,
Ilse "X" and grade n lieu of "P" and grade ftor matenal
designation for the customary stamping option:
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Figure 1 Bend Dimensional Terms
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When specified by the purchaser, each bend shall be
palnt-stenciled wilh the same information o 25 mm (1 i)
or larger letters on Lhe lnside surtace within 150 mm (6
in.) of each end, except for NPS 12 (DN 300) or smaller,
which only requires outside surface marking. Marking
materials shall pot adversely affect the hend or coating.

4.2 Depth of Stamping

Where stegl stamps are used, care shall be tiken 5o that
the stamping 1s not so deep or so sharp as o cause
cracking, or to reduce the wall thiclmess of the hend
below the minimim allowed.

4.3 Compliance

Marking B16.49 on the bend designates that the bend
was manufactured in conformance with ASME Bl6.49.
Adding the prefix "ASME" is optional.

Al

R

5 MATERIAL

5.1 Starting Materials

Bends covered by this Standard shall be produced from
carbon steel plpe or cylinders having a chemistry i
conlormance with Table 2 Pipe may be furmished by the
purchaser or supplied by the manufacturer.
Starting pipe shall be seamless, submerged arc welded
[SAW]), or electric resistance welded, Helically welded
pipe is dllowed, provided the more stringent kesting re-
guirements of para. 11 1.4{b) are met Starting material
shall be free from low-melting temperature metals, cracks;
nicks, gouges, waves, buvkles, or other such surface
contamination defects that may inhibit successtul comple-
tion of abend,

5.1.1 Contamination. Contamination ol pipe surfaces
befare or during bending by low-melting temperature
metals {i.e.. copper, brass, zinc/galvanized, aluminum,
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Table 1 Tensile Properties

Miniminn Tensile Propertics Maximinn Hardness
Yield Strength, Teasite Strength; HBW HRC
Lrade (Svmbol] MPa (lisi) MPa (ksi) Elongation, % [Note (1]] INote [Z)]

241 (K241} 241 (45) 414 (60 it 234 22
F290 (X290 29() (42 414 (6] i) 234 22
P73 317 (41) 434 (63) A 2id 24
P359 (X359) 354 (52) 455 (68] M) 136 22
P3R4 (X385) 386 (56) 49() {71] 20 r34 22
Pa14 [¥414) 414 [60) 517 {75) 20 238 22
NaaH (Xa4H] 444 LA Bl [7T) L1 ZAH a
483 (XA83) 483 (70 BGE (B L6 24T 24
1552 (X552) 35241 w2150 1 247 2

GENERAL NOTE: intermediate erades may be purchased subject W agrevment etwiren the purchaser and menufacturer,

NUTEE_ | _
(1} ABW (Hardoess Bimell) s the primary  namber

(2} HRC [Hardiess Rockwell 2] i au appioyimation basad on ASTM ETR0 Raidness convirsiiom,

Table 2 Maximum Limits of Chemical Elements

That May Be Used
Element Symibol Maximun, %

Carban -i" (.30
Minnganese: M LGN | Nute (1]
Phissphinms P (025

Sl frie 5 ININES

Sl Sl (150
{hramiim G (1,30
Malyhidenim Ma 0.25
Vanadilim \ A

Lapper G .50

Nivkel Ni .01

Miethiirm NE (Ch) Y

GENERAL NOTE This chemical requiraiments of this Table are nat
itorde) to represent the compesition of any heat ol steel; boy to
record e magimutn permlssible ginounte ol fullvicdual etements,

NOTE: | L] For Grades Pad3 | X45T) and mghey, e pach paduclion il
N0 Below the specitied magimom carbon conlent, an therease of
0.05% above the maxumum manganese content s permissible, up toa
maximiim of 2,000,

etc.) can have serious effects nn the bending process and
the lmished bend properties. Contact with such metals
shallnat be allowed.

5.1.2 Surface Condition. Prior to bending, material
Grades P359 (X359) and higher shall be grit-blasted 1o
a cammercial funsh [SSPC-SI 6) as @ minlmum 4n
those sectinns to be bent

6 MATERIAL FOR BENDS CONTAINING WELDS

.1 Longitudinal Weld Seams

6.1.1 Seam welds in pipe made to an APL ASTM, or CSA
specification must meet welding and nondestyuctive
exarmnation (NDE] requirements ol that specification,

6.1.2 Other pipe or cvlinders; not manufactured to the
ahove specifications, shall be made by welders, welding
operators, and welding procedures gualified under the
provisitons of Section X of the ASME Boller and
Pressure Vessel Code (BPVC), Before bending, 100% of
each weld seam shall be radingraphed in accordance
with ASME Section VI, Division 1, para. UW-51, and
shall meel the acceplance criteiria specilied therein.

lin place ol radlographic examination, welds may be
ultrasorucally examined in accordance with  Appendix
12 of ASME Section VL Division L

6.1.3 The longitudinal weld seam should be located o
e neutral asds (¢ = 0 deg or 180 deg in Figure 1), When
this 12 not possible, the weld seam shall be located not
more than 15 deg from the neutral axis Helically

welded pipe is an exceplion to this weld location

requirement,
6.2 Girth Welds
Bending through a girth weld shall not be allowed

unless agreed upon between the purchaser and
manufacturer.
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7 CHEMICAL COMPOSITION

The chemical compaosition of each heat! ol material
turmshed to this Standard, as determined by a product
analvsis; shall be In accordance with Tahle 2. Each
clementt specified in ‘Table 2 shall be tested for and
reported on the material test report required in section
L4, The carbon equivalenl (CE) shall not exceed 10.45% as
computed by eq, (2):

Mn 4 (Cr+ Mo+ V) N (Cu + Ni) 2]
i 5 13

CE=C +

8 MATERIAL PROPERTIES

The properties of the bend, as determined for each lot,?
shall be in accordance with the ordered grade listed in
Talle 1.

8.1 Tensile Properties

The tensile properties shall be determined for the guall-
Aeation bend v accordance with ASTM A370. The vield-to-
tensile vatio shall not exceed 0,90, except Jor Grade 483
(X483) and higher, for which the ratia shall not exceed
(1.93. When the strength of the bend does not meet the
prdered strength, the manufacturer may provide, with
purchaser approval, bends of comparable strength to the
design pipe, The thickness ol the bend shall be at least
acjual o the specified design pipe thickness mulli- plied
by the ratio of the specified minimum vield strength of
the pipe and the minimum tested yield strength of the
bend. For bends lrom welded pipe ol NPS 8 [DN 200) or
larger, a transverse weld tensile 1est in the final heat-treat
condition shall he 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 material in the
final heat-treated condition shall be determined on the
qualification bend i all locations specihed in Figure 2
ar Figure 3 by a set ol thrée ransverse, lull-size,
Charpy Venpteh speamens, with or  without 1aperimg’
the ends. i accordance with ASTM A370. When the mate-
rial wall thickness does not permit machining full-size (10
mun x LU mm) specimeétis, the largest size possible o] either
/s shue or ¥ size shall be substituted. All dimensions pther

than thickness are the same for [ull-size specimens,

Specim ens shall be taken with the axis transverse to

A heatal maternilshall cansist ol all pipe or evlinders from Hhe same
mapmfctiurer And praducad from & single dydde of a bateh melting
fracess. | -

* Alat shall comsist afall bormds fromrthe samme heat of material grven the
salte Heat tregtmvens i & comrolled lurnace withun a range of =150
[£257F],

TWiven tapered end speoimens areiised, the tapermyshall notrediice
the s e bemgth om ame side betow 28 mm (L1 ) o the v thick:
mess below one-hall the nominal speennen thickness:

the longitudinal axis of the bend. If material wall thickness
does not allow at least a Y-size Charpy specimen, oo
impact testing is required. Specimens. shall be tested al
—107C (#1491 or lower, unless otherwise specilled by
the purchaser (see para SK15.4), and shall achieve an
average shear area for all specimens of at least 50%. with
no ote specimen less than 40%. n addition, all spevi-
mens-shall exhibita minimum absorbed energy vallie ol 27
[ (20 ti-1b1] for Grade P386 (X386) and lower, and a
minimum of 54 | (40 ft=IbD) for grades higher than P386
(X386). Weld metal shall meet an absorbed energy value
af 27 1120 ft-1bf) midimum for all grades.

IF using reduced specimens, the impact values may be
reduced (i accordance with the correction ratios (n ASTM
AZ70 See para 11.1.2 for Incation of testing samples
reqguired.

B.3 Hardness Testing

Hardness tests shall be performed in accordance with
ASTM A370 pn the bend as required In pard. 11,14 To
verify uniformity in the bending process, all production
bends shall be tested for hardness in the same |ocations as
the qualification bend. The corresponding areas shdll have
average hardness readings notl varying by nigre than 30
Brinell hardness, or equivalent, from the average value
measured in the same location of the qualification
bend, with no average equating W a tensile strength
less than that required iw Table 1 for the malerial
grade marked on the bend, Use an average ol at |east
three readings for each location tested The tvpe of
portable hardness tester used on production bends
shall be the same as used an the gualification bend. All
testing shall be conducted in the final heat-treated condi-
tian, No hardiness measurement shall exceed the
maximum speciiied in Tahle 1

9 HEAT TREATMENT

9.1 Type

Unless otherwise specified by the purchaser, each hend
shall be heat-treated alter bending [except as permitied in
para. SR1G.1) by one or more of the lollowing methods:

(a) Stress Relieve ar Temper. Initormly, heat between
480°C [200°F) and 675°C (1.250°F) and hold at tempera-
ture for at least 30 min per 23 mm (1 in.) of thickness al
temperalure, but no less than 30 min,,

(b) Normulize Hedtabove the transtopmation tempera-
ture range and hold at temperature lor a minimum of 21
min per 25 mm (1 in] of thickness. but not less than 20
mity, and allow to cool instill air,

(¢) Quench and Temper. Heat above the transformation
lemperature range and hold at remperature lor a
minimum of 200 min per 25 mm (1 in.) of thickness and
direct quench in either water., oil. or a symthetic
gienchant. Reheat to temper as defined above. Quench
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Figure 2 Test Specimen Locations and Orientations — Longitudinal Seam
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H = hardness reading

lacilities shall be of sullicient size and shall be equipped to
ensyre proper and uniform coocling:

9.2 Equipment

All Turmace heal-treatment eéquipment shall have a
recording device that is calibrated at least Quarterly.
Heat-treat furnaces shall be surveyed antmﬂﬂy, or at a

shorter interval as necessary to maintain umformity ol

heat treatment. or thermocouples shall be attached to
each furnace load. Thermocguples shall be calibrated at
least duarterly. Records shall be lept ol lurnace
surveys, thermocouple calibrations, and Il used, thermao-
couple readings for each turnace load. The furnace shall be
cottrolled within & range of £15°C (£25°F)

9.3 Heat-Treat Designators

Fach bend and the-material test réport [see section 14)
shall be identified with one of the tollowing designators
indicating final heat-treat condition:

N = normalize

NT = normadlive and temper

SR = stress relieve

QT = gquench and temper

B

10 QUALIFICATION BEND

10.1 Essential Variables

Prior o production bending, a gqualification bend ghall
be made and tested from each heat of material to demaon-
strate the suitahility of the bending procedure to provide a
product meeting the fequired dimensions and material
properties, This bend and tangeny section shall be of
adequate length to obiain sll the required rest
coupons. All bends (Le. aualification and production)
shall be completed in a vontinunus heating cycle
withoutl stops ur starts, unless such areas are included
i1 the bend procedure gualllication resting and Tound se-
ceptable. Postbend heating for production bend dimen-
sional corrections is not allowed unless covered in the
gqualification bend procedure. The procedire qualification
shall account for the essential variables reguired Lo make a
bend When any ol these gssential variables change, a new
qualification bend must be made. The mamufacturer's
quallty assurance program shall biclhude procedures
that ensure thal the essenlial variables are properly
contralled. This includes equipment calibration freguency
as necessary for control bur in no case less than annually
Essential variables are shown in Tahle 3.
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Figure 3 Test Specimen Locations and Orientations — Helical Seam
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Table 3 Limits on Essential Variables

Esseutial Variable Limils of Varialion
Pipe wall thickness 3 (012500
Riend- radius to-dlameter <1F =0
ration { R/}
Formiing velocity
bormiing temperatiore

=45 mm (O o) per
=257 (£50°F) from the qualification
LEfperilnre

Lenl Uesign Mo chatge Allowed

Loolant type No chamge allowed

Coiliing ek £ 1590 £ 257F)
Alewperature

o3 (M chiange in flow rate (o1
eiivatent rate in pressurel

FMow vate fmressure
ol conlan)

deg rrom the neumal axs.

=157 [=257F) b holding
temperatine orany chaige. i
pirncedire

£ 2009

Weld seam L5
Hear treatment

Idutiot heating
Irequency.

sSoalang nme WAmin ro 16 min

10.2 Records

10.2.1 Bend Qualification Procedure. Lach manufac-
turer shiall prepare a written procedure that demonstrates
that bends having suitable properties such as strength,
ductility, and hardness can be formed by thar procedure.

-4

trafsverse, Chary Vinoteh spacimman, set of thrae

These records shall be avallable for the purchaser's
review. Changes the essenual variables beyond the
limits of variation shown in Table 3 shall reguire a
new ualification bend test and procedure.

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

11 TEST REQUIREMENTS

The testing requirements differ between the quallfica-
ton bepd and the production bends. The following re-
gqurements apply i the locations specified.  The
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 gualification bend

11.1 Qualification Bend Requirements
11.1.1 Tensile Testing. Transverse tensile saniples for

NPS 1 (DN Z200) or larger shall be mlken from the tangent,
the transition zone. and the bend segment at both the
intrados and extrados for each lot of material as
shown in Flgure 2 or Figure 3, For sizes smaller (han
NPS 8 (DN 200), either rransverse or longitudinal test
specimens shall be used If the tangents and for rransition
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zones are nol left integral to the bend, no tensile tests are
required except on the bend: See Figure 2 or Figure 3.

11.1.2 Fracture Toughness Testing. A sel of three
transverse Charpy V-notch impact specimens shall be
taken from the tangent, [he wransition zenes, and Lhe
bhend ar both the inrados and exirados for each lot ol
material, See Figure 2 or Figure 3 for locations. If the
fangents and/or transition zones are not left integral
Lo the bend, nt Impact lests are required excepl on the
bend, See Tigure 2 ar Figure 4.

11L1.3 Weld Testing

(u) Longitudinal Seams. The tensile, Impact, and hard-
ness Lests shall be performed on the pipe or cylinder long-
itudinal seam weld at the locations shown in Figure 2.
Acceptance criteria shall be as specified in paras. 8.1, 8.2,
8.3, and11.1.4.

(b) Helical Seam, The lensile, Impact, and Mardness
tests shall be performed on the pipe or eylinder hellcal
seam at the locations shown in Figure 3. Acceptance
criteria shall be as specified in paras. 8.1, 8.2, 8.3, and
11.0 %

11.1.4 Hardness Testing. The bend shall be tested for
average hardness In all the same locations as the tensile
tests arg taken as well as each trausitinn zone [n addition,
an average hardness reading shall be taken from a
minimum of two locations in the bend at the extrados
and intrados. The allowable difterence between the
minmmum and maximum hardness readings Tor d guadyant
around the circumference is 30 Brinell hardness number,
or eguivalent, if another testing method is used: See Figure
2 or Figure3. ' '

11.2 Production Bend Reguirements

To demonstrate uniformity between the gualification
and production bends, each production bend shall be
hardness tested in all the same locations as the oualifica-
tion hend. In addition, hardness readings shall be Laken oy
cach adiditional 30 deg ol arc beyond the guallfication
bend angle. All values within like quadrants around the
circumference shall be within the same range as deter-
mined in para, 1114, No readings shall exceed Lhe
maximum specifled m Tabie 1, and no average shall
equate 1o & tensile strength less than the mimumum
required in Table 1 for the specified grade.

11.3 Testing Results

The bend shall be marked with the appropriate grade
symbol of Tabile | based on the test results lor all logations
meering the minimum values specified for thar grade: 11
the bend strength is differemt from the mating pipe. and
the substitution of wall thickness for yield strength is used
i accordance with para B.1, both the hend grade and the

mtended mating pipe grade shall be marked on the bend
[i.e., P414/XA83).

12 DIMENSIONAL REQUIREMENTS

The dimensional requirements in section 12 shall be
med on each bend.

12.1 Ovality

Ovality shall he measured throughout the bend anid
langents. The dilference between the maximum and
minimum outside diameter shall not exceed 3% aof the
nominal mating pipe outside diameter within the bend
and 1% al the wealding end. The purchaser and manufac
turer may agree Lo a different ovality telerance (see para
SR15.3).

12.2 Outside Diameter

The putside diameler of each welding end shall be
within 1% ol the nomnal mating pipe outside diamieter,
The diameter throughout the bend and the remainder of
the tangents need only meet the ovality tolerance, unless
the purchaser and manufactirer agree Lo other tolerances.

12.3 Wall Thickness

The wall thickness shall be checked mn sulficient loca-
tions throughout the bend te ensure that the minimum
wall does not fall below 90% of the nominal mating
wall thickness marked on the bend [or below the
purchaser-specilied minunumy wall thickness), This
below-tolerance allowance does nol apply to those
areas determined to need reinforcement as a result of
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 o ensure accurate readings.

12.4 Inside Diameter

12,4.1 Welding Ends. For NPS 36 (DN 900 ) and smaller,
the inside diameter wlerance at the bevel faceshall he 2.5
mun (£0.10 mn.). For larger sizes. the mside diameter toler-
ance shall be £3 mm (20,12 In.)

12.4.2 Body. Unless otherwise agreed lo by the
purchaser, the average internal diameter at any location
in the bend shall net be less than 97% of the mummum
specified mating pipe witernal diameter Prool of confor-
mance to this requirement shall be demonstrated by
passing a sphere or other suitable gaging device
thronugh the hend without assistance of power eguipment

12.5 End Preparation

Welding ends shall be beveled using ASME B16.25.
Figyre 2 illustration (a} or Figure 3 illustration {a) end
jprreparations, unless otherwise specilied by the purchaser.
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12.6 Bend Dimensional Tolerances

The bend angle, center-to-end dimensions, bend radius,
chorid lengths, syuareness, anid bend piamf_- shall be
measured and recorded for each bend The tolerances

oft the ordered dimensions shall be as follows:

monsion Tolleranom
Bend angle <4 deg
Bend radius e g
Bend plane #] tem

Enil sguareness
NPS 36 (LN SO0)  ad snmslle
Gredtet than NPS 36 (DN 900
Linear diitensions
NPS 24 (DN 606 and sorallar
Grrescer than NPS 24 (DN &10)

ted 4 v (Y
om0 2 )

#5 i (01910,
EE mm Iﬂ.!ﬁln.]

see Figure 4, llustrations () and (h)

13 INSPECTION OF PRODUCTION BENDS
13.1 Workmanship and Finish

If reguired for inspection, all bends shall be grit-hlasted

ar shuot-blasted clean o a bright metal finish in accordance
with SSPC-SP &, All bends shall be visually examined on all
accessible surfaces lor laminatlons, eracks, notches,
gouges, arc burns, wrinkles, or other defects. Surface
imperfections shall be removed hy grinding or machining,
provided they are not deeper than allowed o para. 12.3.
Repair by welding ol base melal or weld metal s nol
permitted without purchaser approval, [t is characteristic
of the induction process that an upset occurs at each
tapgent poinl [transition) of & bend. These are of 4
casmetic nature and are not ¢lassified as inmjuriots
defects, provided these upsets have d dimension
measured from peak o valley not exceeding 2% of the
mipe outside diameter.

13.2 Nondestructive Examination

The entire extrados of gach beud, rom neuiral axis to
neutral axis including e weld seam, shall be a magnetic
partcle or hguwd penetrant examined f(or injurions

defects. The area shall be free of cracks, laps, or lamina-

tions, All rounded indications greater than 3 mm (0,12 in )
in any direction shall be classtlied as hmperfeclions and
shall be removed as required i para. 13,1,

132.3 Outside Ihspection

At inspector representing the purchaser shall be
authorized access 1o areas al the manufacturer's facility
Lhat Invaolve the manulacture of the grdered bends, All
testing records, welding records, etc, shall be available
for inspection prior to shipment.

14 CERTIFICATION

A Certified Material Test Report (CMTR) shall be furn-
ished listng ag g minimum the following information:

(a) chemical composition (including CR)

(h) tensile properties

(c) impact propefities

(d) hardness results

(e} heat treatment

(/] bend gualification procedure

(g) welded or seamless

(] nondestructive examination résylts

(f) applicahle supplementary requirements (paras.
SR15.1 throygh SR15.3)

SR15 SUPPLEMENTARY REQUIREMENTS

The supplementary requirements (paras. SR15,1
through »R15.8) are not applicable o 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 [oree as requirements of mandatory sectipns L
through 14, Each bend shall be marked with the applicable
supplementary requirement (e.g. SH15.1) after the
rormal marking requived in para. 1.

SR15.1 Heat Ti'eat_ment

Rends eanl be lurnished in an “as-bent” condition, The
properues of section 8§ must be met for that heat of mate-
rial offered. Each bend shall be identified with AB SR15.1
as the heat-treat destgnator.

SR15.2 Nondestructive Examination

Magnetic particle or liguid penewant examination shall
be performed on the bend area ncluding the intrados.
extrados, and weld seam. No eracks are permitted. All
pther indications will be addressed by an agreemenl
between the purchaser and manutacturer, All ingpections
shall be done by personnel and procedures approved by
the purchaser.

SR15.3 Segmentable Bends

Bends required W be suttable fur segmentation shall be

provided with an ovallty through the bend and tangents of

1% maximun

SR15.4 Fracture Toughness

Notch thughness requirements pther than those speci-
fied shall be by agreement between the purchaser and
mantlacturer. This can include lower test lemperatures;,
grealer-absorbed energy reguirements, or ditferent shear
area requirements.
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Figure 4 Measurement of Bend Angle and Out-of-Sguareness
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SR15.5 Sour Gas Applications

Bends required far sour gasfapp-l.iﬁ}ﬂnns; shall he [wmn-
Ishes] 1o meet ANSI/NACE MRO175/1S0 15156,

SR15.6 Weld Seam Examination: UT

SR15.6.1 1iv leu of radiography, gach weld seam in a
pipe or starting cyluder may be dltrasonically lested,
Acceptance criteria shall he by agreement between the
purchaser and manufacturer

SR15.6.2 Each bend shall be ulirssoriically examined
for the full length of weld Irom bevel end (o bevel end after
orming and [Inal Heat treatment. Testiug procedure and
acceplance standards shall be as agreed upon beiween the
purchaser and manufacturer

IS8

SR15.7 Weld Seam Examination: RT

Eadch bend shall have the weld seam 100% radic-
graphed fwr the full length (rom bevel end ro bevel end
after forming and final heat ireatment. Testing procedure
and acceptance standards shall he as agreed upon
hetween the purchaser and manufacturer.

SR15.8 Chemistries

SR15.8.1 Alternative chemical requirements and/or
lower carbon equivalent shall be as agreed W by the
purchaser and manulactuyver..

SR15.8.2 Acceptance of previgus bend gualllicatton
procedures based on similar material chemistries shall
be as agreed upon between the purchaser and manufac-
turer. This cant include variations o other essential vari-
able requirements i agreed upoi
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MANDATORY APPENDIX |
REFERENCES

The following is a list of publications referenced in this
Standard, Unless ptherwise specified, the latest edition ol
ASME publications shall apply,

ANS[/NACE MROIZ5/IS80 151506:2015, Petreleum and
natural gas imdustries — Materals for use in HsS-
contaiming environments inoil and gas production

Publisher: MNational Association of Corrosion Lngineers
(NACE [nternational), 15835 Park Ten Place, Houston,
TX 77084-49006 (www.nace.org)

ASME Boiler and Pressure Vessel Code
ASME B16,25, Buttwelding Ends
ASME B21 Code lor Pressure Piping
ASME 36, 10M, Welded ant Seamless Wraught Steel Pipe
Fublisher: The American Society of Mechanical Engineers
(ASME): Two Park Avenue, New York, NY 10016-5990
(www.asmeorg)

ASTM AZ70-15, Standard Test Methods and Definitions
oy Mechanical Testing of Steel Products

ASTM [29-12, Practice lor [sing Significant Digits in Test
Data to Determine Conformance With Specifications

12

ASTM E140-12bel; Hardnéess Conversion Table for Metals
Publisher: The American Society lor Testing and Malerials
[ASTM Internatiotial ), 100 Barr [larbor Drive, 0. Box
C700, West Conshohocken, PA 1942H-2959
(www.astm.org)

SO 6708:1995, Pipewoark companenls — Definition and
selection of DN (nominal size)

50 9000:2015, Quallty management systems —
Fundamentals and vocabulary
SO+ 9001:2015, Quality management systems —

Requirements
IS0-9004: 2009, Managing for the sustained success ol an
orgamzation — A guality management approach
Publisher: International Organization lor Standardization
(150, Central Secretariat, Chemin de Blandennet 8, Case
Postale 401, 1214 Vernier, Geneva, Swilzerland
|www.iso.org)

SSPC-ST 6/NACE Na. 3, Commercial Blast Cleaning |
Publisher: The Society for Protective Coatings (SSPCY, 80()
Trumbull Prive, Pittshurgh, PA 15205 (www.sspcorg]
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NONMANDATORY APPENDIX A
QUALITY SYSTEM PROGRAM

The products manufactured in accordance with this
Stantard shall De produced under a gquality system
program following Lthe principles ol ai appropriate stari-
dard from the 50 9000 series.’ A determmation of the
need for registration and/or certification of the
product manufacturver's guality system program by an
independent organization shall be the responsibility of
the manufacturer, Detalled documentation demonstrating

"The series |:alen @vallable from tie Ametlcan National Standapds
Tnstieuse [ANST) and the American Sockety r Quallty (ASQ) as Amiricm
Natiomat Standands that are idertified by the prefix Q" reptas oy the
prefx 1500 Bach standerd of the senes 12 listed under Reterences m
Mt ladioty & prpuesii]]x 1

program compliance shall he available to the purchasir at
the manufacturer's facility. A written summary deserip-
tion of the program atilized by the product manufacturer
shall be available to the purchaser upon request The
product manulacturer is defined as the entity whose
name ar frademark appears on the product imaccordance
with the marking or ideuntification requirements of this
Standard.
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NONMANDATORY APPENDIX B
INDUCTION BEND DATA SHEET

Indoctipn Bend Dots Shest
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