ASME B31P-2017

Standard Heat-
Treatments tﬁ
Fabrlcatlgﬁ
Processés

}
\O

ASME Cgfle for Pressure Piping, B31



https://asmenormdoc.com/api2/?name=ASME B31P 2017.pdf

ASME B31P-2017

Standard Heat

Treatments for
Fabrication
Processes

ASME Code for_Pressure Piping, B31

@?A@ The American Society of

® Mechanical Engineers


https://asmenormdoc.com/api2/?name=ASME B31P 2017.pdf

Date of Issuance: May 15, 2018

The next edition of this Standard is scheduled for publication in 2021.

ASME issues written replies to inquiries concerning interpretations of technical aspects of this Standard. Interpretations are
published under http://go.asme.org/Interpretations. Periodically certain actions of the ASME B31 Committees may be
published as Cases. Cases are published on the ASME website under the Committee Pages at http://go.asme.org/

B31commiktee as they are issued.

Errata to

incorrectly|published items, or to correct typographical or grammatical errors in codes and standards. Such erratashall b

on the da

The B31 Cq
code and
notificatio
Committes

This code
Committee
opportunity
for addition

ASME do

ASME do
document,
assume any
risk of infrin

Participat
endorseme

ASME acq
and policieg

des and standards may be posted on the ASME website under the Committee Pages to provide correcti

e posted.

mmittee Pages can be found at http://go.asme.org/B31committee. The associated B31 Committee Pages fo
tandard can be accessed from this main page. There is an option available to automatically receive an

n when errata are posted to a particular code or standard. This option can e found on the appro
Page after selecting “Errata” in the “Publication Information” section.

ASME is the registered trademark of-The American Society of Mechanical Engineers.

hat approved the code or standard was balanced to assure that individuals from competent and concerned interests have

to participate. The proposed code orstandard was made available for public review and comment that provides an oppg

Bl public input from industry, academia, regulatory agencies, and the public-at-large.

bs not “approve,” “rate,” or “enderse” any item, construction, proprietary device, or activity.

s not take any position with.respect to the validity of any patent rights asserted in connection with any items mentioned

nd does not undertake te.insure anyone utilizing a standard against liability for infringement of any applicable letters patg

Kuch liability. Users of acede or standard are expressly advised that determination of the validity of any such patent rights,

gement of such rights, is entirely their own responsibility.

ion by federal agency representative(s) or person(s) affiliated with industry is not to be interpreted as government or if

t of this codé.or’standard.

lepts responsibility for only those interpretations of this document issued in accordance with the established ASME prod
which.precludes the issuance of interpretations by individuals.

bns to
e used

r each
e-mail
priate

or standard was developed under procedures.accredited as meeting the criteria for American National Standards. The Standards

had an
rtunity

in this
nt, nor
nd the
dustry

edures

Ml 4 £ ol pu | + | al o £
No-part-of-this—decument-may-be-reproduced-inany-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 © 2018 by
THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS
All rights reserved
Printed in U.S.A.


https://asmenormdoc.com/api2/?name=ASME B31P 2017.pdf

Foreword

CONTENTS

COMMItEEE ROSTET & v v v it ittt ettt et ettt ettt ennneeeeeeeeennoeeeeeeennnanees

Correppondence With the B31 Committee .. ...... .o vii ittt ittt iiineneneeeenld ce
1 Introduction . .. ..o i ittt i e i ey .
2 [0 10 TS7- 1 O ce
3 Temperature Measurement . .. .......ciiiiiiiniinennenneeaa SO0 0, .
4 Temperature Control .. ... vttt it ininenree et/ e
5 Welding Preheat . .. ... .o i O e ce
6 Postweld Heat Treatment (PWHT) . ........ ... .. . e oo, ce
7 Postforming and Material Heat Treatments .. ........... . 8. oo, A
8 Alternatives and Exemptions to Preheat and PWHT Requirefrients . . ................. ce

Nonmandatory Appendices

A
B

Figurps
B-3.141
B-3.142
B-5.2{1
B-5.212

B-5.243

B-5.244

Recommendations for the Proper Use of Thermocouples . .............. .. ... .. ..., ce
Recommendations for Control of Narrow Temperature Range Heat Treatments: Local Heat-Treatment
Methods . .. v i e e e e e e e A
Branch Connection Examples . . .. ... o8 i i i i i e e ce
Temper Bead Method Alternative to PWHT . ... .. ittt Ce
Fracture Mechanics Alternative to®PWHT . . ... .. oo i i e ce
Definition of Terms for{ Local Circumferential Band Heating of Pipe Weld . . ............ ce
Definition of Terms forLocal Circumferential Band Heating of Branch Connection to Pipe Attachment
Weld . o e e e e e ce
Location of Théxmocouples (Monitoring and Control) for Pipe Sizes Less Than NPS 6 (150 DN) and Pne
(000} 0 0] A ce
Location*of Thermocouples (Monitoring and Control) for Pipe Sizes NPS 6 (DN 150) Up to arjd
Including NPS 12 (DN 300) and Two Control Zones . .. ... ..ot vin i nnenens cen
Location of Thermocouples (Monitoring and Control) for Pipe Sizes NPS 14 (DN 350) Up to gnd
Including NPS 30 (DN 750) and Four Control Zones . .. ........covtiiiiinnnn.. RN
Location of Monitoring Thermocouples for Branch Nozzle or Attachment Welds . . .. ... ..

B-5.3-1

C-1
C-2

Tables
5.1-1
6.1.1-1

Example of One Approach When the Heated Band From a Weld Requiring PWHT Intersects a Weld
Requiring PWHT . . ..o i it i ittt eae e

Typical Branch Attachment Details That May Be Used to Calculate Control Thickness . . . ..

Typical Integrally Reinforced Outlet Fitting Branch Connection Details That May Be Used to Calcu
Control Thickness . . ..ottt i i i i it e e

Preheat Temperature . . ... oot v ittt ittt ittt et ettt i e se e ensneenensns
Postweld Heat Treatment . . . ..o oo vttt it ittt ittt ittt eie e nns

iii

Not

late

O O B W N R R

10

11
26
28
29

12

13

15

16

17
18

20
26

27


https://asmenormdoc.com/api2/?name=ASME B31P 2017.pdf

6.1.1-2
6.1.1-3
6.2-1

B-5.1-1

Forms
Form 1

Form 2

Alternate Postweld Heat Treatment Requirements for Carbon and Low-Alloy Steels, P-Nos. 1 and 3

Exemptions to Mandatory Postweld Heat Treatment

Approximate Lower Transformation Temperatures .

Requirements for Control Zones . ..............

Standard Procedure for Local Heating . ..........

Standard Documentation Checklist for Local Heating

14

22
25


https://asmenormdoc.com/api2/?name=ASME B31P 2017.pdf

FOREWORD

In 2011, the B31 Standards Committee for Pressure Piping determined that more consistency was needed between the
B31 Code Sectlons regardlng preheat and postweld heat treatment (PWHT) rules. The B31 Fabrlcatlon & Examination

owing approval by the B31 Committee and ASME, and after public review, ASME B31P-2017 was appro
can National Standards Institute on November 15, 2017.
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CORRESPONDENCE WITH THE B31 COMMITTEE

General. ASME Standards are developed and maintained with the intent to represent the consensus of concerned
interests. As such, users of this Standard may interact with the Committee by requesting interpretations, proposing

revisions

or a case, and attending Committee meetings. Correspondence should be addressed to:

Proposipg Revisions. Revisions are made periodically to the Standard to incorporate changés that appear nec

or desirab
published

The Cor
citing the
including

Proposipg a Case. Cases may be issued to provide alternative rules whenjustified, to permit early implementa
bd revision when the need is urgent, or to provide rules not covered by existing provisions. Cases are effective

an approv|
immediate
Request
Standard
existing C
Case appl

Interpretations. Upon request, the B31 Standards-Committee will render an interpretation of any requirement

Standard.

Committeeg.

Request
form is ac
automatic

If the In
Committe
ommende

Subject:
Edition:
Question:

Secretary, B31 Standards Committee

The American Society of Mechanical Engineers
Two Park Avenue

New York, NY 10016-5990
http://go.asme.org/Inquiry

e, as demonstrated by the experience gained from the application of the Standard: Approved revisions ¥
periodically.

hmittee welcomes proposals for revisions to this Standard. Such proposals)should be as specific as po
paragraph number(s), the proposed wording, and a detailed description of the reasons for the pro
hny pertinent documentation.

ly upon ASME approval and shall be posted on the ASME"Committee web page.

s for Cases shall provide a Statement of Need and Background Information. The request should ident
nd the paragraph, figure, or table number(s), and le, written as a Question and Reply in the same fort
ses. Requests for Cases should also indicate the applicable edition(s) of the Standard to which the pro|
es.

nterpretations can only be rendered inrésponse to a written request sent to the Secretary of the B31 Stan
s for interpretation should preferably be submitted through the online Interpretation Submittal Forn
essible at http://go.asme.opg/InterpretationRequest. Upon submittal of the form, the Inquirer will rece
e-mail confirming receipt.

quirer is unable to use“the’online form, he/she may mail the request to the Secretary of the B31 Stan
p at the above addre$sy The request for an interpretation should be clear and unambiguous. It is furthg
1 that the Inquirer\submit his/her request in the following format:

Cite the applicable paragraph number(s) and the topic of the inquiry in one or two W
Cite the applicable edition of the Standard for which the interpretation is being requ
Phrase the question as a request for an interpretation of a specific requirement suital

bSsary
vill be

5sible,
posal,

ion of

fy the
nat as
posed

of the
dards

h. The
ive an

dards
I rec-

rords.
bsted.
le for

general understanding and use, not as a request for an approval of a proprietary des

gn or

Proposed

situation. Please provide a condensed and precise question, composed in such a way thata
“yes” or “no” reply is acceptable.
Reply(ies): Provide a proposed reply(ies) in the form of “Yes” or “No,” with explanation as needed. If

entering replies to more than one question, please number the questions and replies.

Background 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 to explain the question; however, they should not contain proprietary names or

information.

viii


https://asmenormdoc.com/api2/?name=ASME B31P 2017.pdf

Requests thatare notin 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 request.

Moreover, ASME does not act as a consultant for specific engineering problems or for the general application or
understanding of the Standard requirements. If, based on the inquiry information submitted, it is the opinion of
the Committee that the Inquirer should seek assistance, the inquiry will be returned with the recommendation
that such assistance be obtained.

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,” “
devicn' or at‘fivify

Attending Committee Meetings. The B31 Standards Committee regularly holds meetings and/or telephgne confer-
ences|that are open to the public. Persons wishing to attend any meeting and/or telephone conference sheuld ¢ontact the
Secretary of the B31 Standards Committee.

» o«

certify,” “rate,” or “endorse” any item, construction, proprietary
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ASME B31P-2017

STANDARD HEAT TREATMENTS FOR FABRICATION PROCESSES

1 INTRODUCTION

This Standard provides requirements for heat treat-
ment of piping assemblies that meet the requirements
of ASME B31 Code Sections. These requirements apply to

2 GLOSSARY

creep strength enhanced ferritic (CSEF) steel: steel in which
the microstructure, consisting of lower transformation
products, e.g., martensite or bainite, is stabilized by

(a) [preheating

(b)|postweld heat treatment (PWHT)

(c) |postforming heat treatment (PFHT) required by the
ASME B31 Code Sections for other fabrication processes,
including forming processes such as bending

(d) | heat treatments required by contract specifications

Thd heat treatments addressed in this Standard include
weld [preheating, PWHT, PFHT, and heat treatment in
orderfto enhance material properties resulting from fabri-
cation}. Weld preheating is generally required on harden-
able steels in order to reduce local hardness or to reduce
the odcurrence of hydrogen cracking. Preheat is typically
requifed based on both hardenability (as indicated by the
P-Number) and thickness at the weld. A minimum
tempgrature for all materials prior to initiating a weld
is expected to be needed to reduce the possibility of
condgnsation. It should be noted that weld preheat is
notugually considered a heat treatment, butitisarequire-
ment jof the ASME B31 Code Sections.

HT is generally required on hardenable steels-in
order]to temper any hardened areas or to reduce residual
4 in the weldment. PFHT may be used to“address
redugtion of the properties within the bend\after hot
bending or to address the effects of strain’ after cold
bendipg (the additional strain may cause a degradation
of crdep rupture properties whernthe operation is at
high femperatures). In some cases;of PWHT, PFHT, or
matetfial heat treatments, non-standard heat treatment
may be required by the contract specification, e.g., an
austenitizing heat treatméntor a solution heat treatment.

Thif Standard is inténded to provide consistent code
heat tfeatment rules. It may be incorporated by reference
in a cpde, or it can-become a basis for code or contract
requirements:

Appendices are also included that outline alternative
methods to exempt PWHT of welds when PWHT is difficult
or impossible. The alternatives are required to be
addressed within Welding Procedure Specifications
(WPS) qualified in accordance with ASME Boiler and
Pressure Vessel Code (BPVC), Section IX.

Therequirements for the heat treatments done in accor-
dance with material or product specifications are not
addressed within this Standard. Such heat treatments
are governed by those specifications.

1131 .. . c .
CUIILTUTITU lJl CLlPlLdLlUll Ul LCllllJCl IS5 UdIly

carbonitrides, and/or nitrides.

heat treatments:

annealing, full: heating a metal toatempera
the transformation temperature“range and
above that range for a proper)petriod of timg
by cooling to below that rahge:

austenitizing: heat treatment where a
complete phase transformation to austenite o

normalizing: a precess in which a ferrou
heated to a suitable' temperature above the ty
tion range andds subsequently cooled in still g
temperature

quenching: a process in which a ferrous metd

carbides,

ure above
holding it
, followed

partial or
ccurs.

5 metal is
lansforma-
ir at room

| is heated

to a suitable temperature above the transformgtion range

andis subsequently rapidly cooled in a selected
medium.

tempering: reheating a hardened metaltoate
range below the transformation range.

interpass temperature: the highest temperat|
weld joint immediately prior to welding, or i
of multiple pass welds, the highest temperat
area of the previously deposited weld metal, inj
before the next pass is started.

postforming heat treatment (PFHT): any heat
subsequent to a bending or forming operatio]

postweld heat treatment (PWHT): any heat
subsequent to welding.

postweld hydrogen bakeout: raising the tempe
completed or partially completed weld for the
allowing hydrogen to diffuse out of the wel
affected zone (HAZ).

preheat: the heat applied to base metal immedi
to a welding or cutting operation.

quenching

mperature

ure in the
h the case
ure in the
mediately

treatment
.

[reatment

Fature of a
burpose of
H or heat-

htely prior

external loads have been removed.

3 TEMPERATURE MEASUREMENT

3.1 Measurement Method

eht after all

3.1.1 Preheat. The preheat temperature shall be
measured by use of thermocouples, pyrometers, tempera-
ture indication crayons, or other suitable temperature-
measurement devices, to ensure that the required
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preheat temperature is obtained prior to, and maintained
during, the welding operation in the area to be welded
immediately prior to welding.

3.1.2 Interpass Temperature. If required, the
maximum interpass temperature shall be measured
using devices allowed for preheat in para. 3.1.1.

3.1.3 PWHT or Other Heat Treatments. The tempera-
ture shall be measured using thermocouples attached

or above the specified minimum temperature for a
distance not less than 1 in. (25 mm) in all directions
from the point of welding.

(b) Preheat above ambient temperature may be
applied using flame, electric resistance, induction,
quartz lamp, or infrared heating. If flame heating is
used, the application shall use a dispersive method
and, if manually applied, the temperature shall be continu-

ously monitored to prevent excessive temperatures being
reached

direct]y to—the surface to ensure the temperature is
uniform and controlled within the required limits.
Noncontart temperature-measuring devices shall not
be used.

3.1.4 Protection. If thermocouples are attached using
methods pther than the capacitor discharge welding
process, the thermocouple site shall be protected from
the direct|heat of the heat source.

3.2 Attachment of Thermocouples

3.2.1 Recommendations for thermocouples are given in
Nonmandatory Appendix A.

3.2.2 Lqw-energy capacitor discharge welding may be
used for the direct attachment of thermocouples without
requiring preheat greater than 50°F (10°C) or subsequent
PWHT (urjless required for the weld joint), provided the
following fequirements are met:

(a) A Welding Procedure Specification (WPS) is
prepared, [describing the low-energy capacitor discharge
welding equipment, the material to be welded on, and the
technique|of application. Qualification of this WPS is‘not
required.

(b) Thq energy output of the low-energy, capacitor
discharge [welding process is limited to 125\W-sec.

(c) Permanent thermocouple attachments or the
surface from which temporary attachments are
removed|shall require visual €xamination but are
exempt fifom further examination in accordance with
code requiirements.

4 TEMPERATURE CONTROL

4.1 Contfol of Heat Treatment Temperature

4.1.1 Minimum Requirements for Preheat. Minimum
requiremgnts are as follows:

(c) If methods are employed that utilize heating adja-
centtothe preheatarea, allowing the heatto conductalong
the part to the preheat area, the temperatureof the partin
the approximate center of the heated drea shall aJso be
monitored.

4.1.2 Minimum Requirements’for Furnace|Heat
Treatment. Minimum requicements are as follows:

(a) Furnace heat treatment should be used when
practical.

(b) An assembly may be heat treated in more thgn one
heat in a furnace, provided there is at least a 12 in| (300
mm) overlap ofthe'heated sections and the portion|of the
assembly outside the furnace is shielded so that the
temperature gradient is not harmful. This metho¢l may
not be used for austenitizing heat treatments on ferritic
steels(except for P-No. 1 carbon steels.

{c) Direct impingement of flame on the assembly is
prohibited.

(d) The furnace shall be surveyed and calibrated such
that the PWHT can be controlled within the required
temperature range.

(e) Thermocouples shall be placed directly on cgmpo-
nents to be heat treated and shall be located on th¢ thin-
nest and the thickest component(s) within the fufnace.
The placement of the thermocouples shall incorporate
the high- and low-temperature locations within the
furnace.

4.1.3 Minimum Requirements for Local |Heat
Treatment. Minimum requirements are as followg:

(a) PWHT may be performed locally by heating a
circumferential band around the entire compgnent,
with the weld located in the approximate center pf the
band. The width of the band (soak band) heated fo the
specified temperature range shall be at least 3 [times
the nominal material thickness at the weld of the thiickest

(a) The base metal temperature for the parts to be
welded shall be at or above the minimum temperature
specified in all directions from the point of welding for
a distance of the larger of 3 in. (75 mm) or 1.5 times
the nominal material thickness (as defined in para.
6.4.3). For small-diameter piping less than 1% in. (38
mm) outside diameter, the preheat distance from the
weld may be reduced to the diameter of the piping in
all directions or 1 in. (25 mm), whichever is greater.
The base metal temperature for tack welds shall be at

part being joined. For nozzle and attachment welds, the
width of the band heated to the specified temperature
range shall extend beyond the nozzle weld, the reinforce-
ment weld, or the attachment weld on each side at least 2
times the run-pipe nominal thickness and shall extend
completely around the run pipe. Guidance for the place-
ment of thermocouples on circumferential butt welds is
provided in Nonmandatory Appendix B. Special consid-
eration shall be given to the placement of thermocouples
when heating welds adjacent to large heat sinks, e.g.,
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Table 5.1-1 Preheat Temperature

Base Metal Greater Nominal Required Minimum
P-Number Base Metal Material Thickness Temperature
[Note (1)] Group in. mm Additional Limits °F °C
1 Carbon steel <1 <25 None 50 10
>1 >25 %C < 0.30 [Note (2)] 50 10
>1 >25 %C > 0.30 [Note (2)] 200 95
3 Alloy steel Cr < %% <Y <13 SMTS < 65 ksi (450 MPa) 50 10
>Y >13 SMTS < 65 ksi (450 MPa) 200 95
All All SMTS > 65 ksi (450 MPa) 200 95
4 Alloy steel %% < Cr < 2% All All None 250 120
5A Alloy steel All All SMTS < 60 ksi (414 MPa) 300 150
All All SMTS > 60 ksi (414 MPa) 400 200
5B Alloy steel All All SMTS < 60 ksi (414 MPa) 300 150
All All SMTS > 60 ksi (414 MPa) 400 200
>V >13 %Cr > 6.0 [Note (2)] 400 200
6 Martensitic stainless steel All All None 400 [Note (3)] 200 [[Note (3)]
9A Nickel alloy steel All All None 250 120
9B Nickel alloy steel All All None 300 150
101 27Cr steel All All None 300 [Note (4)] 150 [[Note (4)]
15E 9Cr-1Mo-V CSEF steel All All None 400 200
All othler materials None 50 10

GENERAL NOTE: SMTS is an abbreviation for specified minimum tensile strength.

NOTES

(1) P-Numbers and Group Numbers are from ASME BPVC, Section IX;~Table QW/QB-422.
(2) Composition may be based on ladle or product analysis, or reeéting specification limits.

(3) M3ximum interpass temperature 600°F (315°C).

(4) Mdintain interpass temperature between 300°F and 450°F)(150°C and 230°C).

flangds, valves, or heavy fittings, or when joining parts of
differgnt thicknesses.

(b) | No part of the materials subjected.to the heat source
shall pe heated to a temperature exceeding the lower
transformation temperature of the’ material. Particular
care mmust be exercised when/the applicable PWHT
tempdrature is close to the.material’s lower transforma-
tion t¢gmperature, such asfor CSEF steel materials or when
matetfials of different)P-Numbers are being joined. The
requifements of Appendix B are mandatory for P-No.
15E materials,

(c) |Local heat treating shall not be used for austeni-
tizing heat-treatments on ferritic steels except for P-
No. 1|carbon steels.

more than 600°F/hr (335°C/h). (See Table ¢.1.1-1 for
special cooling rate requirements for certain faterials.)

5 WELDING PREHEAT

5.1 Temperature

The minimum preheat temperature shall be ds stated in
Table 5.1-1 except as exempted in para. 3]|2. Higher
minimum preheat temperatures may be refjuired by
the WPS or as specified.

5.2 Different P-Number Materials

When welding two different P-Number materials, the

4.2 Heating and Cooling Rates

4.2.1 Heating. Above 800°F (425°C), the rate of heating
shall be not more than 600°F /hr (335°C/h) divided by the
maximum material thickness in inches, but in no case
more than 600°F/hr (335°C/h).

4.2.2 Cooling. Above 800°F (425°C), the rate of cooling
shall be not more than 600°F /hr (335°C/h) divided by the
maximum material thickness in inches, but in no case

T preheat temperature Tequired stall be the
temperature for the material with the higher required
temperature, as shown in Table 5.1-1.

5.3 Interruption of Welding Preheat

After welding commences, the minimum preheat
temperature shall be maintained until any required
PWHT is performed on P-Nos. 3, 4, 54, 5B, 6, and 15E
materials, except when all of the following conditions
are satisfied:
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(a) A minimum of at least % in. (10 mm) thickness of
weld is deposited or 25% of the welding groove is filled,
whichever is less (the weld shall be sufficiently supported
to prevent overstressing the weld if the weldment is to be
moved or otherwise loaded). Caution is advised that the
surface geometry prior to cooling should be smooth and
free of sharp discontinuities.

(b) For P-Nos. 3, 4, and 5A materials, the weld is
allowed to cool slowly to room temperature.

shall be that shown in Table 6.1.1-1 for any base metal
of similar composition.

6.1.3 Hardness. Hardness tests are not required to
verify proper heat treatment unless otherwise specified
in the engineering design.

6.2 Mandatory PWHT Requirements

Heat treatment may be accomplished by a suitable
heating method that will provide the desired heating

(C) For P-Nos ':R’ 6, and 15E mqfnrinlc’ the weld is
subjected|to an adequate postweld hydrogen bakeout
with a confrolled rate of cooling. The preheat temperature
may be re¢duced to 200°F (95°C) (minimum) for the
purpose df root examination without performing post-
weld hydfogen bakeout. A postweld hydrogen bakeout
for P-Nog. 5B, 6, or 15E materials may be omitted
when usifg low-hydrogen electrodes and filler metals
classified by the filler metal specification with an optional
supplemeptal diffusible-hydrogen designator of H4 or
lower and|suitably controlled by maintenance procedures
to avoid cpntamination by hydrogen-producing sources.
The surfade of the base metal prepared for welding shall be
free of contaminants.

(d) Aftgr cooling and before welding is resumed, visual
examinatipn of the weld shall be performed to assure that
no visible|cracks have formed.

(e) Thq joint shall be preheated before welding is
resumed.

6 POSTWELD HEAT TREATMENT (PWHT)

6.1 Minimum PWHT Requirements

6.1.1 Temperature Range for PWHTs. A qualified
welding grocedure specification (WPS) invaccordance
with ASME BPVC, Section IX, shall be available before
applying the detailed requirements and exemptions in
these parpgraphs. All welds in materials included in
the P-Nurhbers listed in Table 6.1.1-1 shall be given a
PWHT within the temperature/range specified, except
as otherwise provided in“paras. 6.2 and 6.3, and in
Tables 6.[1.1-2 and 6:13-3. (The range specified in
Table 6.1.[1-1 may be-modified by Table 6.1.1-2 for the
lower limif and para/6.2 for the upper limit.) The materials
in Table 6J1.1-1"arelisted in accordance with the material
P-Numberifs and-Group Numbers of ASME BPVC, Section IX,

Table QWLQB-422Welds-on—materialsnotincluded—in

and cooling rates, the required metal temperature,
temperature uniformity, and temperature cpntrol,

(a) The upper limit of the PWHT temperature rahge in
Table 6.1.1-1 is a recommended value that mpy be
exceeded, provided the actual temperature dog¢s not
exceed the lower transformationdeniperature of pither
material (see Table 6.2-1).

(b) When parts of two different P-Numbers are Joined
by welding, the postweld heat treatment shall be that
specified for the material requiring the higher PWHT
temperature. When a.nonpressure part is weldefl to a
pressure part and\PWHT is required for either| part,
the maximum¢(PWHT temperature shall not exce¢d the
maximum temperature acceptable for the pregsure-
retaining’part.

(c) Gaution is necessary to preclude metallufrgical
damage to some materials or welds not intended o1 qual-
ified to withstand the PWHT temperatures requirefl. The
Use of material transition joint designs may be required.

(d) The PWHT may be specified even if not mandatory
in accordance with Table 6.1.1-1 or Table 6.1.1-3.

6.3 Exemptions to Mandatory PWHT
Requirements

6.3.1 Exemptions. For the following welds, podtweld
heat treatment is not required unless required by the
contract specification or the qualified WPS:

(a) welds in nonferrous materials exceptas required in
Table 6.1.1-1

(b) welds exempted in Tables 6.1.1-1 and 6.1.1}3

(c) welds subject to temperatures during subsgquent
fabrication above the lower transformation tempertfature,
provided the WPS has been qualified with PWHT ft the
temperature range to be reached

(d) thermocouple attachments made by low-energy
capacitor diqrhnrgp wplding as pypmpmd in para (3.2

Table 6.1.1-1 shall be heat treated in accordance with
the WPS. Austenitizing PWHTSs on ferritic materials
may be performed in lieu of the heat treatments specified
herein if required by the qualified WPS being followed.

6.1.2 PWHT for High-Cr Filler Metal Welds. Pressure-
part welds and attachment welds using ferritic filler
metals that have a specified chromium content of more
than 3% shall receive a postweld heat treatment. The post-
weld heat treatment time and temperature range used

6.3.2 Chemical Composition. The postweld heat treat-
ment exemptions of Tables 6.1.1-1 and 6.1.1-3 may be
based on the actual chemical composition as determined
by aladle or product analysis in accordance with the mate-
rial specification, in lieu of the specified or maximum
specified chemical composition limits. Alternatively, the
actual chemical composition may be determined by
analysis of the material.
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Table 6.1.1-1 Postweld Heat Treatment

P-Number, Group Number

Minimum Holding Time at Temperature
for Control Thickness [Note (3)]

(ASME BPVC Section IX, Holding Temperature Range, °F (°C) Up to and Including

Table QW/QB-422) [Notes (1) and (2)] 2 in. (50 mm) Over 2 in. (50 mm)
P-No. 1, Group Nos. 1-3 1,100 to 1,200 (595 to 650)
P-No. 3, Group Nos. 1 & 2 1,100 to 1,200 (595 to 650)
P-No. 4, Group Nos. 1 & 2 1,200 to 1,300 (650 to 705)
P-No. 54, Group No. 1 1,250 to 1,400 (675 to 760)
P-No. 4B, Group No. 1 1,250 to 1,400 (675 to 760)
P-No. 4, Group Nos. 1-3 1,400 to 1,475 (760 to 800) 2 hr plus 15mirt fof each

1 hr/in. (1 h/25 mm),

P-No. 7, Group Nos. 1 & 2 [Note (4)]| 1,350 to 1,425 (730 to 775) 15 min minimum 33211~ti2mil§l (lg(c)hngls) mm)
P-No. §, Group Nos. 1-4 PWHT not required unless required by WPS| '
P-No. 94, Group No. 1 1,100 to 1,200 (595 to 650)
P-No. 9B, Group No. 1 1,100 to 1,175 (595 to 630)
P-No. 10H, Group No. 1 PWHT not required unless required by
WPS. If done, see [Note (5)].
P-No. 101, Group No. 1 [Note (4)] 1,350 to 1,500 (730 to 815)
P-No. 15E, Group No. 1 1,300 to 1,425 (705 to 775) 1 hr/in. (1025 mm), |1 hr/in. (1 h/25 mm) up to and
[Notes (6) and (7)] 30 mip minimum including 5 in. (125 mm) plus
15 min for each additional inch
(25 mm) over 5 ip. (125 mm)
All othpr materials PWHT as required by WPS In*accordance with WPS| In accordance with WPS
NOTES
(1) The exemptions for mandatory PWHT are defined in Table 6.1.1-3.
(2) Thie holding temperature range is further defined in paras. 6.1.1 and*6.2.
(3) Thie control thickness is defined in para. 6.4.1.
(4) Copling rate shall not be greater than 100°F (55°C) per hour\in-the range above 1,200°F (650°C), after which the cooling fate shall be

su
5) If

foll

(a) 1

ficiently rapid to prevent embrittlement.

eat treatment is performed after bending, forming, or welding, it shall be within the following temperature ranges for the specific alloy,

owed by rapid cooling:
NS Nos. S31803 and S32205 — 1,870°F to 2,010%F(1 020°C to 1 100°C)

(b) UNS No. S32550 — 1,900°F to 2,050°F (1 040°C_to 1120°C)

(c) U
(d) 4
(6) Th
¢!

(7) Th
PV}

tes

co

su

an|

NS No. S32750 — 1,880°F to 2,060°F (1,025°C to 1125°C)

1l others — 1,800°F to 1,900°F (980°C«t0\1v040°C)

e minimum PWHT holding temperataremay be 1,250°F (675°C) for nominal material thicknesses (see para. 6.4.3) up to and in
mm).

e Ni + Mn content of the filler metal shall not exceed 1.2% unless specified, in which case the maximum temperature to be re

VHT shall be the 4 (lower tfansformation or lower critical temperature) of the filler metal, as determined by analysis and calc

t, but not exceeding 1,470°F (800°C). If the 1,470°F (800°C) was not exceeded but the A, of the filler metal was exceed

mposition of the fillermeétal is unknown, the weld must be removed and replaced. It shall then be rewelded with compliant fil

bjected to a compliantPWHT. If the 1,470°F (800°C) limit was exceeded, the weld and the entire area affected by the PWHT wil

[, if reused, shall bé renormalized and tempered prior to reinstallation.

Fluding % in.

ched during
pilation or by
ed, or if the
ler metal and
be removed
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Table 6.1.1-2 Alternate Postweld Heat Treatment
Requirements for Carbon and Low-Alloy Steels,
P-Nos. 1 and 3

Decrease in

weld thickness = t,,,.+ the weld thickness calculated

in (e)(1)

(3) for partial penetration branch connection welds

Specified weld thickness = t. + the depth of the partial-penetration
Minimum Minimum Holding Time at Decreased weld preparation
Temperature, Temperature, hr
F (°C) [Note (1)] where

50 (30) 2 t. = nominal throat of cover fillet welds on branch
100 (55) 4 LUllIlt‘LLiUllb
150 (85) [Npte (2)] 10 t., = nominal thickness of a branch pipe
200 (110) [Note (2)] 20 t,, = nominal thickness of a header or a(fun pjpe
NOTES: t,- = nominal thickness of added reinforeement

(1) Times shown apply to thicknesses up to and including 1 in. (25
mm). Afld 15 min/in. (15 min/25 mm) of thickness for control
thicknegses over 1 in. (25 mm). See para. 6.4.

(2) Adecregpse greater than 100°F (55°C) below the minimum speci-
fied tenfperature is allowable only for P-No. 1, Group Nos. 1 and 2
materials.

6.4 Definition of Thicknesses Governing PWHT

6.4.1 Cpntrol Thickness. Control thickness as used in
Tables 6.1}1-1 and 6.1.1-3 is the lesser thickness of (a) or
(b) as follpws:

(a) th¢ thickness of the weld (not including
reinforcement)

(b) thefhicker of the materials being joined at the weld
or the thickness of the pressure-containing material if the
weld is atfaching a nonpressure-containing material to a
pressure-¢ontaining material

6.4.2 Weld Thickness. Weld thickness, which is a fadtor
in determining the control thickness, is defined as follows:

(a) gropve welds (girth and longitudinal) — thethicker
of the two pbutting ends at the weld preparation,including
machining of the inside or outside diameters

(b) fillet welds — the throat thickness of the weld

(c) partial-penetration welds —¢the depth of the weld
groove preparation

(d) material-repair welds =% the depth of the cavity to
be repairdd

(e) brahch-connectionWwélds — the weld thickness is
the dimension that exists in a plane that intersects the
longitudipal axes_and is calculated as indicated for
each detall using

t| =>the smaller of % in. (7 mm) or 0.7t

NOTE: Typical branch connection“details are shojwn in
Nonmandatory Appendix C.

6.4.3 Nominal Material'Thickness. Nominal mqterial
thickness as used in Table'6:1.1-3 is the thicker of th¢ pres-
sure-retaining materials.being joined at the weld.|If the
material thicknesSes are measured to determine the
actual material. thickness, the measured material thick-
ness(es) may'be used to determine the PWHT |hold-
time requirements or exemptions for each joinf on a
case-by-case basis.

7 POSTFORMING AND MATERIAL HEAT
TREATMENTS

This section covers postforming heat treatments
(PFHT) and heat treatments intended to enhange the
material microstructure.

7.1 PFHT
7.1.1 Hot Bending

7.1.1.1 Definition. Hot bending is a bending or
forming process accomplished at a temperature pbove
1,300°F (705°C).

7.1.1.2 PFHT Requirements for Hot Bending and
Forming. The applicable code or the design may
require PFHT to recover material properties|or to
recover creep strength. Typically, the required heat{treat-
ment may involve normalizing and tempering or|other
heat treatment to recover the desired material confition.

(1) for full-penetration branch-connection welds
without a reinforcing pad or saddle

weld thickness = t, + t,;, or t, + t,

where t,;, or t,, is chosen based on the component that
receives the full penetration weld

(2) for full-penetration branch-connection welds
with a reinforcing pad or saddle

7.1.2 Cold Bending

7.1.2.1 Definition. Cold bending is a bending or
forming process accomplished at a temperature at or
below 1,300°F (705°C).

7.1.2.2 PFHT Requirements for Cold Bending and
Forming. The applicable code or the design may
require PFHT to recover creep strength or to reduce resi-
dual stresses for components that have experienced cold
strain. The required heat treatment may be a subcritical
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Table 6.2-1 Approximate Lower Transformation

8 ALTERNATIVES AND EXEMPTIONS TO PREHEAT

AND PWHT REQUIREMENTS

Exemptions to the rules for preheat and
sections 5 and 6 may be taken provided the
organization and the applicable regulatory
agree. The WPS shall be qualified in accord

PWHT in
specifying
authority
ance with

ASME BPV(, Section IX for the alternative preheat or
PWHT to be used. The following are examples of

exemptions:

Temperatures
Approximate Lower
Transformation
Temperature,
Material °F (°C)

Carbon steel (P-No. 1) 1,340 (725)
Carbon-molybdenum steel (P-No. 3) 1,350 (730)
1Cr-"4Mo (P-No. 4) 1,375 (745)
1Y, Cr-AMotP=No—=) 430 (775)
2Y%,Cr-1Mo and 3Cr-1Mo (P-No. 5A) 1,480 (805)
5Cr-%Mo (P-No. 5B) 1,505 (820)
9Cr-1Nlo (P-No. 5B) 1,475 (800)
9Cr-1Nlo-V (P-No. 15E) 1,470 (800)

GENERAL NOTE: These values are intended for guidance only. The
user mpiy apply values obtained for the specific material in lieu of these
values.

heat tfeatment in accordance with Table 6.1.1-1, a stress-
relievling heat treatment for austenitic materials, or a
normglizing and tempering heat treatment as specified
by th¢ applicable code or the design.

7.2 Material Heat Treatment

A npaterial heat treatment is not applicable when the
heat freatment is accomplished as a requirement of a
material specification. Heat treatment in accordance
with this Standard may be specified when fabrication
degrafes the desired material properties.

(a) requiring an austenitizing PWHT on fer
rials or a stress relief on austenitic materials

(b) requiring PWHT when necessaryto-enhd
sion resistance even if the PWHT is'hot requif
Standard

(c) allowing low-temperatufepreheat [notH
(10°C)] when other methods to specifically cd
hardness or the susceptibility to hydrogen cr
exercised

(d) accepting temper bead welding alter
PWHT if qualified in accordance with th
ASME BPVC,-Séction IX, QW-290 and the req
of Nonmangdatory Appendix D

(e) accepting fracture mechanics analysis a
native\to otherwise required PWHT if qualifie
damee with the rules of ASME BPVC, Section
requirements of Nonmandatory Appendix E

ritic mate-

nce corro-
ed by this

elow 50°F
ntrol high
hcking are

hatives to
b rules of
uirements

5 an alter-
1 in accor-
X and the
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NONMANDATORY APPENDIX A
RECOMMENDATIONS FOR THE PROPER USE OF
THERMOCOUPLES

A-1 THE

Thermd
maximum

Type], 1
(760°C).

Type K]
2,300°F (1

A-2 PER

The ma3
20 gage ex
citor disch
22 gage. T

RMOCOUPLE TYPES AND USAGE

couples shall be selected based upon their
recommended temperature rating.
ron-Constantan shall not be used above 1,400°F

Chromel-Alumel shall not be used above
260°C).

MISSIBLE THERMOCOUPLE WIRE SIZE

ximum thermocouple wire size shall not exceed
cept when attached using the low-energy capa-
arge method, where the maximum size shall be
he minimum size shall be 24 gage.

A-3 LOCATION

Each wire shall be attached separatelyto the surf
the workpiece, with the wires in closé proximity [ap
mately %, in. (6 mm)] to each other‘Maximum sepa
of the wires shall be held to %r. (6 mm).

A-4 ATTACHMENT

The recommended ‘attachment of thermocouple
accordance with-para. 3.2.

A-5 REMOVAL OF THERMOCOUPLES

During the removal stage, the location of each th|
couple'should be adequately identified. Light fil
grinding followed by visual examination of the th
couple attachment areas may be required. Care
always be exercised during filing or grindi
prevent removal of too much metal.

ace of
proxi-
ration

5 is in

Ermo-
ng or
Ermo-
must
ng to
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NONMANDATORY APPENDIX B
RECOMMENDATIONS FOR CONTROL OF NARROW
TEMPERATURE RANGE HEAT TREATMENTS:

B-1 $COPE

Thik Appendix describes the recommendations to be
followed during the setup and application of local
contijolled PWHT when using electric resistance
heating pads. The recommendations are required for
P-No.|15E or other CSEF steel PWHTs [see para. 4.1.3
(b)]. They are strongly recommended for dissimilar mate-
rial wlelds where multiple temperature ranges overlap,
requifing control of narrow ranges.

B-2 INTRODUCTION

Duting the manufacture, fabrication, or repair of P-No.
15E piping components, it may be necessary to heat
complonents before welding (preheating), between
passep (interpass heating), or after welding (hydrogen
bakegput or PWHT). Typically, heat treatments-are
requifed by design or the applicable codes. Heat treat-
mentq can degrade materials or weldments ifnot properly
acconpplished by experienced personnel using controlled
heat-freatment processes. If possible,docal PWHT should
be avpided in longitudinal welds due to higher pressure
stresdes, particularly for welds in_CSEF steels. Furnace
normalizing and tempering may)be required by design.

B-3 GLOSSARY AND NOMENCLATURE FOR LOCAL
EATING

B-3.1 Glossary.

Thif paragraph defines the terms used in describing
local fircumferential band heating. See Figures B-3.1-1
and B-3%1-2 Minimnm requirements for these regions

—LOCAL HEAT-TREATMENT- METHODS ——

vertical position shall mean that\the longitudinal axis
of the main component lies in-the vertical pogition.

control thermocouple: single temperature-peasuring
device that is located within the control zonp in order
to control the temperature of that control zone.

control zone: a grotping of one or more electri
padsthatare controlled electrically based upon jnputfrom
a single temperature-measuring device (typicglly a ther-
mocouplé)/ One or more zones may be present in the
circumferential and/or axial directions.

al heating

gradient control band (GCB): surface area over which insu-
lation and/or supplementary heat source($) may be
placed. The gradient control band encompasses the
soak band, the heated band, and sufficient adjacent
base metal to ensure that harmful temperaturg gradients
are not generated within the heated band.

gradient control heaters: under certain circymstances,
extra heaters known as gradient control Heaters or
blocking heaters are installed adjacent to the heated
band, to add additional heat to control thermal tempera-
ture gradients, or to provide thermal biasing to counter
increased thermal mass or to counter a vertical|bias in the
temperature distribution in the heated band duting PWHT
in the vertical position.

heated band (HB): surface area over which the heat is
applied to achieve the required temperatyre in the
soak band. The heated band consists of the $oak band
width on the outside surface of the component, plus
any adjacent base metal necessary to both cpntrol the
temperature and achieve an acceptable tempgrature on
the inside of the pipe or tube.

are presented in para. B-4.

axial temperature gradient: the change in temperature
along the length of the component. This is usually
stated as a maximum temperature difference between
two points located a specified distance apart.

component orientation: for the purposes of this Standard,
cylindrical components or PWHT in the horizontal posi-
tion shall mean that the longitudinal axis of the main
component lies in the horizontal position, and in the

11

monitoring thermocouple: temperature-measuring device
used to measure the temperature at the position where it
is located.

soak band (SB): through-thickness volume of metal that is
required to be heated to within the postweld heat treat-
ment temperature range. As a minimum, it shall consist of
the weld metal, the HAZ, and a portion of the base metal
adjacent to and on each side of the weld being heated.
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Figure B-3.1-1 Definition of Terms for Local Circumferential Band Heating of Pipe Weld

GCB

HB

SB

~—

HAZ

through-thickness temperature gradient: the difference
between the temperature on the outside of the weld or
component and the temperature on the inside of that
same conjponent, on the same radial line, and in the
plane.

same axia:J
B-3.2 Ndmenclature

HAZ = |heat-affected zone
t = [nominal thickness of piping, branch connection,
nozzle neck, or attachment
W = |widest width of butt or attachment weld

B-4 LOCAL CIRCUMFERENTIAL BAND HEATING

Local h¢ating of parts or components shall be accom*
plished by heating circumferential bands. Since (local
heating of piping is typically from the outside)when
designing|heat treatment procedures, radial (through-
thickness) temperature gradients shall béteonsidered.

B-4.1 Sopk Band

The soak-band width for PWHT $hall as a minimum be
equal to the following. The thickness, ¢, is typically the
nominal gipe wall thickneSsibut measured thicknesses
may be uged.

(a) Thg minimum_soak-band width requirement for
PWHT shdll be at least 3¢t with the weld at the centerline.

(b) Forjpipingless than or equal to NPS 4 (DN 100), the
soak band shall’be 1.5t on each side of the weld at its

/"\_,/

B-4.2 Heated Band

The minimum requiremeént for hydrogen bakeout
heating shall be the lesser’of t or 2 in. (50 mim) on
each side of the weld at its greatest width.

The minimum requirement for the heated-band
shall be the soak=hand width plus 2 in. (50 mm).

width

B-4.3 Gradient Control Band

The primary function of this band is to control the axial
temperature gradient at the edges of the heated band. It
alsg sérves to minimize heatlosses in the heated band. The
width of the insulated area directly affects the| axial
temperature gradient. The insulated width may also
need to be increased for personnel protection.

The gradient-control-band width shall as a minimum be
equal to or greater than the heated-band width plug 4t on
each side of the weld.

If the pipe-wall thickness changes, attachments are
present within the gradient control band, or the pipe
is being welded to flanges or valves, the use of slipple-
mental heat source(s) within the gradient control band
may be required.

B-4.4 Axial Temperature Gradient

brtant
. The
to be

The axial temperature distribution plays an imp
role in limiting induced stresses during PWHT]
temperature gradient shall be controlled such as
reasonably uniform around the component.

During the heating, holding time, and cooling, the

greatest width

(c) Forpipinggreaterthan NPS4 (DN 100) butlessthan
or equal to NPS 8 (DN 200), the soak band shall be 6t on
each side of the weld at its greatest width.

(d) For piping greater than NPS 8 (DN 200), the soak
band shall be 10t on each side of the weld at its greatest
width.

12

Maximum axial temperature gradtent for PWHT shall
be limited such that the temperature at the edge of the
heated band shall be no less than one-half the temperature
at the edge of the soak band.
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Figure B-3.1-2 Definition of Terms for Local Circumferential Band Heating of Branch Connection
to Pipe Attachment Weld

Branch connection\

©

D:

SB

SB,

GCB, =
B, HB,, =
R R, =

Lty =
w, =

HB
GCB

gradient control band (minimum\width of insulation and/or gradient heat source)

heated band (width of heatSeurce), shown as shaded area

inside radius of pipe or Branch connection

soak band on pipe (width 0fthe volume of the material where the holding temperature equals or exceeds the minimum arj
below the maximum required. The minimum width is typically specified as W}, plus a multiple of t on each side of the weld

branch connection.)

soak band ongbranch connection. The minimum width is typically specified as a multiple of t, beyond the widest widt

attaching the.branch connection.
nominal‘thiekness of pipe or branch connection

widest width of weld attaching the branch connection to the pipe

d equalsoris
pttaching the

h of the weld
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Table B-5.1-1 Requirements for Control Zones

Minimum Required Number of Circumferential Control Zones

Equivalent Pipe Size

and Control Thermocouple Locations

Less than NPS 6 (DN 150)

NPS 6 (DN 150) up to and including
NPS 12 (DN 300)

NPS 14 (DN 350) up to and including
NPS 30 (DN 750)

Over NPS 30 (DN 750)

at 12 o’clock

One control zone, with the control thermocouple at 12 o’clock

Two control zones, with control thermocouples at 12 o’clock and 6 o’clock

Four control zones, with control thermocouples at 12 o’clock, 3 o’clock, 6 o’clock, and 9 o’clock

Number of control zones and control thermocouples as required by actual heater configuration,

egouple

B-5 DES|GN OF THE HEATING PROCESS

The degign shall be as follows:

(a) Chdlice of the sizes, the number, and the electrical
configuration of electric heating pads shall be based upon
the geomdtrical configuration of the parts, the soak-band
area, and the heated-band areas.

(b) All heating pads used in a single heat treatment
shall be manufactured from the same materials and of
the same patt density.

(c) Pridr to installation, each heater shall be inspected
for broker| ceramic beads and frayed heater wires. If found
and judgefl to be detrimental to the process, the heaters
shall be r¢placed.

(d) Hedting pads shall be symmetrically located on
either sid¢ of the weld preparation.

(e) Each control zone shall have at least one control
thermocotiple installed.

(f) IntHe case of horizontally oriented pipe and tubeya
control thermocouple shall be installed at the 12 o’cloeck
position.

(g) In the case of vertically oriented pipe and-tube, at
least one monitoring thermocouple shall be.installed at
the upper|edge of the uppermost heatirng\pad.

(h) Ong control or monitoring thetmpcouple shall be
installed ynder each heater.

B-5.1 Postweld Heat Treatment

PWHT ghall be as follaws:

(a) Theheating padsshall be installed to minimize gaps
between the heatepsiThe gaps between the heaters shall
not be grefiter than; in. (10 mm) when the nominal wall
thickness pf thépipe is less than or equal to 1 in. (25 mm).
The gaps petween the heaters shall not be greater than

(d) Heater tails shall be insulated front the pige and
shall be brought out through the insulation as clpse to
the edge of the heater as possible.

(e) Control zones for horizontal piping shall as a
minimum be in accordance with’ Table B-5.1-1.

(f) The number of control Zzones for vertical piping shall
be in accordance with Table B-5.1-1. Separate cpntrol
zones, above and beléw'the weld, are required [when
more than one zone is’required.

(g) Monitoringthermocouples shall also be installed at
the outer edges$ ofthe soak band and at the outer edges of
the heated band.

(h) Thegontrol zones for PWHT of welds joining piping
to a thi€ker component or thicker pipe may require|sepa-
rate’éontrol zones for the thicker and thinner compopents.
InSsuch instances, additional monitoring thermocguples
are recommended to ensure that the required tempera-
tures are achieved on both the thinner and heavier wall
thickness components.

B-5.2 Examples of Thermocouple Locations

Figures have been provided to show examples jof the
thermocouple locations for common local circumferential
band PWHT applications. In some instances, both [moni-
toring and control thermocouples are shown. Figufes B-
5.2-1 through B-5.2-3 provide required monitorirlg and
control thermocouple locations for PWHT of butt
welds in horizontally oriented piping with one} two,
and four zones of control. Figure B-5.2-4 prgvides
required monitoring thermocouple locations for PWHT
of a weld attaching a branch connection to|pipe.
Control thermocouples shall be attached as required
by the control-zone layout.

one-third the wall thickness when the nominal wall thick-
ness of the pipe exceeds 1 in. (25 mm). Where this is not
possible, a monitoring thermocouple shall be placed in the
center of all gaps that exceed this limit. The temperature
shall notbe less than the minimum soak band temperature
within the gap.

(b) Overlapping of heaters is not allowed.

(c) Heater tails shall not be allowed to cross any other
pad or heater tail.

B-5.3 Special Considerations

Due to natural internal convection heat flow, the upper
side of the soak or heated zones may be considerably
hotter than the lower side. To help avoid exceeding
the maximum allowed temperature, the following shall
be considered in addition to the requirements in the
Standard:

(a) Horizontal Piping. One control thermocouple shall
always be installed at the 12 o’clock position for horizontal

piping.
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Figure B-5.2-1 Location of Thermocouples (Monitoring and Control) for Pipe Sizes Less Than NPS 6 (150 DN) and One
Control Zone

Weld

K2
R

X
R

Plane A — Edge of Heated Band Plane B — Edge of Soak Band

oW
R

Plane C — Weld Centerline

KX
R

Plane D — Edge of Soak Band Plane E — Edge of Heated Band

Legend

Zgz Monitoring thermocouple location
on outer surface

Control thermocouple location
on outer surface
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Figure B-5.2-2 Location of Thermocouples (Monitoring and Control) for Pipe Sizes NPS 6 (DN 150) Up to and Including
NPS 12 (DN 300) and Two Control Zones

Weld

K2
X

K2
oY,
A
<

<
T
Plane A — Edge of Heated Band Plane B — Edge of Soak Band

5
R

Plane C — Weld Centerline

LR 09

AW

<
Plane D — Edge of Soak Band Plane E — Edge of Heated Band
Legend

282 Monitoring thermocouple location
on outer surface

Control thermocouple location
on outer surface
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Figure B-5.2-3 Location of Thermocouples (Monitoring and Control) for Pipe Sizes NPS 14 (DN 350) Up to and Including
NPS 30 (DN 750) and Four Control Zones

Weld

Plane B — Edge of Soak Banq

Plane C — Weld Centerline

~— \&/

Plane D — Edge of Soak Band Plane E — Edge of Heated Band

Legend

zgz Monitoring thermocouple location
on outer surface

Control thermocouple location
on outer surface
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Figure B-5.2-4 Location of Monitoring Thermocouples for Branch Nozzle or Attachment Welds

WA
2

aa
veY
W
e

9

Planeg A and F — Edge of Heated Band Plane B — Edge of Soak Band Plane E — Edge of Soak Band

v lf HB
ZXZ Located on SBn
ZXZ weld (typ.)

Section C-C Section D-D

XX

Legend

Zgi Monitoring thermocouple location
on outer surface
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(b) Vertical Piping. For welds in vertical piping, the
following shall be considered:

(1) Air circulation dams may be placed inside the
pipe, preferably above the weld, to block the “chimney
effect” within the pipe.

(2) The heated band may be biased such that
approximately 60% of the heated band area is below
the weld.

(3) Separate control zones, above and below the
weld

side of the weld. In such instances, additional monitoring
thermjocouples shall be used to ensure that the required
tempgratures are achieved on both the thinner and
heavier wall-thickness components. To counter the
effect] of different thicknesses, the heat input may be
biased to the thicker side of the joint; this may be accom-
plishdd by

() use of separate control zones on the thicker and
thinng¢r components

(B) biasing the heating elements towards the heavier
comppnent

(B) reducing the volume of insulation used on the

thinngr section heated band in order to achieve~the
desirgd temperature profile across the soak band
(d)| Butt Welds Joining Branch Conneétions or

Attachments to Piping

(I) For welds joining branch connections or attach-
mentd to pipe, circumferential band PWHT practices shall
be usg¢d on both the piping cylindrieal.components and the
conngction. The entire nozzle. or-attachment shall be
included in the soak band.

(B) For branch connectiohs where the heating pads
fitted |to the weld will mot €ontour to the shape without
leavinjg larger-than<permal gaps between the heaters,
additional monitering thermocouples shall be placed in
the expected cold spots to ensure that the cold spots
achieye the desired temperature.

(B) Where small branch connections, % in. to 1% in.
(13 mim'to-38 mm) outside diameter, are welded to larger

(e) Intersection With Branch Connections and
Attachments Not Requiring PWHT. The soak band,
heated band, and/or gradient control band of welds
that require PWHT may intersect branch connections
or attachments that do not require PWHT. In order to
avoid distortion and/or induced residual stresses
during PWHT, the temperature gradient across the
components that are intersected shall be minimized.
This may requlre the application of a supplementary

. . attachment.
( 1) Alternatlvely, a reasonably uniform’temperature
shall be maintained across these compenents| The soak
band, heated band, or gradient control band, whichever
intersects, shall be extended in thé.axial direftion such
that it ends beyond the weldyon the opppsite side
connecting the attachment‘ef) associated pgad to the
component, for at least half.of the soak band, heated
band, or gradient controlband, whichever is agpropriate.

(2) Figure B-5.3-I-provides an example pf such an
approach when the heated band from a weld requiring
PWHT intersegts‘a nozzle that does not requjre PWHT.
Note that thetotal distance over which the tenperature
drops fromuthat at the edge of the soak band to 50% (A + B)

is greaterthan or equal to L = 2,/(Rt).

(3) It should be noted that although the n
té€rm “reasonably uniform” is used to des
témperature drop across the intersected cqmponent,
the aim is to maintain a “reasonably constant| tempera-
ture drop across the intersected component. Hpwever, in
order to provide a measurable limit, a maximunp tempera-
ture drop is recommended as stated below.

(4) The maximum temperature drop acrogs an inter-
sected component shall be 100°F (55°C) or thalt resulting
from application of the maximum permisdible axial
temperature gradient.

(5) Itis also recognized that based upon ¢xperience
or analysis, larger temperature gradients acrgss nozzles
or attachments may exhibit permissible levelq of distor-
tion or residual stress.

(f) Proximity of Pipe-to-Nozzle Welds to She|l or Head.
Consideration shall be given to whether local fircumfer-
ential band PWHT of pipe-to-nozzle welds maly result in
heating the nozzle and/or surrounding she|l or head
section to temperatures that may cause dist¢rtion and

harmful induced stresses.
(a) Lower Critical Temperature (LCT) of P-Nd
A\ g r C 7 J

onspecific
cribe the

15E Weld

pipe sections, circumferential bands around both the
larger pipe and smaller branch connection shall be
heated using heaters with control thermocouples on
the larger pipe and with monitoring thermocouples on
the smaller branch connection. If separate control
zones are used for the larger pipe and smaller branch
connection, they shall each have separate control
thermocouples.

19

Metal. Variations in P-No. 15E weld metal chemistry are
known to have a significant effect on its lower critical
transformation temperature. Consideration shall there-
fore be given to ensuring that the upper limit of the
heat-treatment temperature does not exceed the LCT
of the weld metal.
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Figure B-5.3-1 Example of One Approach When the Heated Band From a Weld Requiring PWHT Intersects a Weld Not

LEGEND:

GCB

HB =
L =

R =

SB

NOTES:

Requiring PWHT

Weld requiring PWHT Lk\ \/ \|
— Nozzle attachment
% weld not requiring
I |
/ —— /->
=4

PWHT [Note (1)]

T\

N\

—_

(
Y ViV 24

I
I

I HAZ | s8>
I

A /
:
|
|

i
Extended :
HB | 1
R Extended
| |

Temperature
~<—— approx. ——
constant [Note (2)]

Minimum required

soak band temperature

Temperature, T

edge of the soak band

A+ B=L=2{RV

Distance, X

giadient control band (minimum width of insulation'and/or gradient heat source)

h¢ated band (width of heat source)

minimum distance over which the temperature' may drop to one-half of that at the edge of the soak band
inside radius of pipe

maximum required. The minimum width is typically specified as a multiple of t on each side of the weld.)
n¢minal thickness of pipe

(1) Thenozgle attachment weld’shown as “not requiring PWHT” does not imply that such a weld would not require PWHT. It simply mean
does ngt require PWHT now. For example, it may have previously received PWHT.

(2) The int¢nt is to maintain an “approximately constant” temperature across the intersected component. However, a maximum temp
drop of[100°F (559C) or that resulting from application of the maximum recommended axial temperature gradient, whichever is
permittgd.

sqak band (width of the volume of themiaterial where the holding temperature equals or exceeds the minimum and equals or is beJow the

ks that it

brature
less, is
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B-5.4 Control of the PWHT Thermal Cycle

Four aspects of the thermal cycle associated with
heating operations shall be controlled. These are tempera-
ture uniformity, the heating rate above a specified
temperature, the specified hold temperature and time,
and the cooling rate down to a specified temperature.

(a) Maximum Temperature Differences for PWHT.
During heating and cooling, the maximum temperature
difference within the heated band shall be 250°F

maximum axial temperature gradient from heated to
unheated sections is not exceeded.

B-5.6 Quality Requirements

(a) Process Control. Written procedures and associated
drawings shall be used. The standard procedure for local
heating shown in Form 1, or an equivalent, shall be used in
conjunction with a drawing/sketch that specifies place-
ment of thermocouples, heat sources (including control

(139°C) or as limited by the maximum axial temperature
gradi¢nt.

(b)|Maximum Heating Rate. The maximum heating rate
shall be as specified in para. 4.2.

(c) |Maximum Hold Temperature and Time. During hold,
the r¢quirements for the maximum hold temperature
shall [be as defined in Table 6.1.1-1. The hold time
shall be within the requirements of the WPS if limited.

(d)|Maximum Cooling Rate. The maximum cooling rate
shall be as specified in para. 4.2.

B-5.5 Insulation

(a)| Classification of Insulation. The requirements for
the grpdient control band width are based upon insulation
R-val{ies of 2°F-ft?>-hr/Btu to 4°F-ft>-hr/Btu (0.35°C-m?/
W to p.70°C-m?/W). Refractory ceramic fiber insulation
with 4 density of 6 Ib/ft® to 8 Ib/ft® (96.1 kg/m? to 128.1
kg/m[) meets this requirement. A minimum 1 in. (25 mm)
layer |of insulation thickness shall be used for tempera*
tures |up to and including 1,200°F (650°C); a minimum
2 in. {50 mm) of insulation thickness shall be.used for
tempgratures above 1,200°F (650°C).

(b)|Attachment of Insulation. The pieces of insulation
shall pe sized such that when the piece(s) is wrapped
around the pipe, the pipe surfaces'shall be fully
coverged with the ends of the insulation either butted
againpt or overlapped to preclude heat loss. No gaps
shall pe permitted in the insulation layer and any inad-
vertemt gaps should be filled*with insulation. The insula-
tion rhay be held in place.with banding or tie wire. The
insuldtion shall not<be-compressed to less than three-
fourtl}s of its original thickness during banding or tying.

(c) |During heating, the insulation has a tendency to
shrink and, in\doing so, create gaps. Inspection shall there-
fore He carpied out at various times during the heating
cycle [toddentify and rectify any gaps that may occur

Zones), and msulation.
(b) Documentation. A permanent recordrof'the thermal
cycle shall be produced. The temperatureresolytion of the
record shall be to within 5°F (3°C), and theé timefresolution
shall be to within 5 min.
(1) The record of the thepmalcycle, including copies
of the procedures and drawings/sketches, shall be avail-
able to the responsible organization upon the dompletion
of local heating. The réeord of the thermal cycle should
contain informatign\such as the temperaturq and time
scales and the correspondence between thefmocouple
numbers on the record and the drawing/sketch. The
records provided may be electronic or printefl copy.
(2).The standard documentation checkligt for local
heatingshown in Form 2, or an equivalent, shalllbe used as
abasisfor provision of documentation. While thg format of
the thecklist need not be identical, the infofmation it
includes shall be the same. This checklist, plus Jupporting
documentation, shall be submitted to the customer at the
completion of local heating.
(c) Training. All personnel performing local heating
shall be trained in the proper use and application of
the associated processes and equipment, [including
safety, calibration, maintenance, and inspectipn consid-
erations. Each organization shall be respopsible for
defining its own training program, and documentation
of such training shall be maintained and, if fequested,
made available.

B-5.7 Other Design Considerations

Additional design issues shall be considgred when
performing local heating of pipe. Factors that may be
important during the heat treatment cycle ipclude the
following:

(a) proper support of the pipe at the strength level that
will exist at the maximum temperature to be |reached

during the heating.

(d) When multiple layers of insulation are used, the
seams shall be staggered to minimize the possibility of
gaps.

(e) The insulation shall extend beyond the edge of the
heated band out to the edge of the gradient control band, to
diminish heat losses and assure that the permissible
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(D) convection air flow within the pipe

(c) due to thermal expansion, large thermal stresses
can be developed during PWHT if adequate provisions
to permit thermal growth are not made

(d) the presence of internal fluids within or adjacent to
the heated area
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