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Statement on the Use of American Welding Society Standards

All standards (codes, specifications, recommended practices, methods, classifications, and guides) of the American
Welding Society (AWS) are voluntary consensus standards that have been developed in accordance with the rules of the
American National Standards Institute (ANSI). When AWS American National Standards are either incorporated in, or
made part of, documents that are included in federal or state laws and regulations, or the regulations of other govern-
mental bodies, their provisions carry the full legal authority of the statute. In such cases, any changes in those AWS
standards must be approved by the governmental body having statutory jurisdiction before they can become a part of
those laws and regulations. In all cases, these standards carry the full legal authority of the contract or other document
that invokes the AWS standards. Where this contractual relationship exists, changes in or deviations from requirements
of an AWS standard must be by agreement between the contracting parties.

AWS American National Standards are developed through a consensus standards development process that brings
together volunteers representing varied viewpoints and interests to achieve consensus. While the AWS administers the
process and establishes rules to promote fairness in the development of consensus, it does not independently test, evalu-
ate, or verify the accuracy of any information or the soundness of any judgments contained in its standards.

AWS disclaims liability for any injury to persons or to property, or other damages of any nature whatsoever, whether
special, indirect, consequential, or compensatory, directly or indirectly resulting from the publication, use of, or reliance
on this standard. AWS also makes no guarantee or warranty as to the accuracy or completeness of any information
published herein.

In issuing and making this standard available, AWS is neither undertaking to render professional or other services for or
on behalf of any person or entity, nor is AWS undertaking to perform any duty owed by any person or entity to someone
else. Anyone using these documents should rely on his or her own independent judgment or, as appropriate, seek the
advice of a competent professional in determining the exercise of reasonable care in any given circumstances. It is
assumed that the use of this standard and its provisions are entrusted to appropriately qualified and competent personnel.

This standard may be superseded by the issuance of new editions. Users should ensure that they have the latest edition.

Publication of this standard does not authorize infringement of any patent or trade name. Users of this standard accept
any and all liabilities for infringement of any patent or trade name items. AWS disclaims liability for the infringement of
any patent or product trade name resulting from the use of this standard.

Finally, the AWS does not monitor, police, or enforce compliance with this standard, nor does it have the power to do so.

On occasion, text, tables, or figures are printed incorrectly, constituting errata. Such errata, when discovered, are posted
on the AWS web page (Www.aws.org).

Official interpretations of any of the technical requirements of this standard may only be obtained by sending a request, in
writing, to the appropriate technical committee. Such requests should be addressed to the American Welding Society,
Attention: Managing Director, Technical Services Division, 550 N.W. LeJeune Road, Miami, FL 33126 (see Annex H).
With regard to technical inquiries made concerning AWS standards, oral opinions on AWS standards may be rendered.
These opinions are offered solely as a convenience to users of this standard, and they do not constitute professional
advice. Such opinions represent only the personal opinions of the particular individuals giving them. These individuals do
not speak on behalf of AWS, nor do these oral opinions constitute official or unofficial opinions or interpretations of
AWS. In addition, oral opinions are informal and should not be used as a substitute for an official interpretation.

This standard is subject to revision at any time by the AWS D10 Committee on Piping and Tubing. It must be reviewed
every five years, and if not revised, it must be either reaffirmed or withdrawn. Comments (recommendations, additions,
or deletions) and any pertinent data that may be of use in improving this standard are required and should be addressed
to AWS Headquarters. Such comments will receive careful consideration by the AWS D10 Committee on Piping and
Tubing and the author of the comments will be informed of the Committee’s response to the comments. Guests are
invited to attend all meetings of the AWS D10 Committee on Piping and Tubing to express their comments verbally.
Procedures for appeal of an adverse decision concerning all such comments are provided in the Rules of Operation of
the Technical Activities Committee. A copy of these Rules can be obtained from the American Welding Society, 550
N.W. LeJeune Road, Miami, FL 33126.
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Foreword

This foreword is not part of AWS D10.10/D1010M:1999 (R2009), Recommended Practices for Local
Heating of Welds in Piping and Tubing, but is included for informational purposes only.

This recommended practice is intended to supply useful information to those with a need to apply heat to welds in
piping and tubing under circumstances that do not permit placing the entire component in a furnace or oven.

The first edition of the recommended practice prepared by the AWS Committee on Piping and Tubing was approved
and published as AWS D10.10-75, Local Heat Treatment of Welds in Piping and Tubing.

The second edition, ANSI/AWS D10.10-90, was revised to bring the document abreast of the present “state-of-the-
art,” and to reemphasize certain important topics; particularly, thermocouple selection and placement, proper provision
for insulation, and use of the radiant heating methods.

The present edition of D10.10 has been extensively revised to: identify/consider related domestic and international
codes, standards and practices; more fully recognize the range of purposes for local heating; introduce terminology for local
heating; consider the issues affecting important parameters and provide recommendations for specifying these parameters;
consider both local 360-degree band and spot heating; expand the information regarding thermocouple location, attachment
and accuracy; expand/update the information relating to insulation; expand the information regarding the thermal cycle;
identify common process deviations and responses; introduce considerations regarding service environment; introduce
quality assurance system considerations; and update and emphasize the heating methods most commonly used.

During preparation of the present edition, it was attempted to include recommendations based upon the best available,
most current data regarding local heating. In most cases, the recommendations given are based upon published research,
with extensive references provided. It is acknowledged that in some cases, the resulting recommendations may exceed
the prevailing practice within industry, especially domestically. However, it is felt that the objective of this document is
to present recommended practices based on an ordered assessment of available research and information, rather than a
summary of current practice.

Comments and suggestions for the improvement of this standard are welcome. They should be sent to the Secretary,
AWS D10 Committee on Piping and Tubing, American Welding Society, 550 N.W. LeJeune Road, Miami, FL 33126.

A formal reply will be issued after it has been reviewed by the appropriate personnel following established procedures.
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Recommended Practices for Local Heating
of Welds in Piping and Tubing

1. Scope

These recommended practices describe several meth-
ods of applying controlled heat to weld joints and a lim-
ited volume of base metal adjacent to the joints, as
opposed to heating the complete weldment in a furnace
or oven. This standard makes use of both U.S. Custom-
ary Units and the International System of Units (SI). The
measurements are not exact equivalents; therefore, each
system must be used independently of the other without
combining values in any way. U.S. Customary Units are
listed first and SI Units are listed second in parentheses
() when used in the text.

2. Reference Documents

Extensive reference to local heating requirements
found in common piping codes, standards and practices
is made to aid the user of this document. These refer-
enced codes, standards and practices are listed below.
Except for bake-out and postheating, specific hold tem-
perature and time requirements are not discussed.

2.1 Piping Fabrication Codes

(1) Power Piping (ANSI/ASME B31.1), 1995 Edi-
tion, with addenda through 1997.

(2) Process Piping (ANSI/ASME B31.3), 1996 Edi-
tion, with addenda through 1997.

(3) ASME Boiler and Pressure Vessel Code, Section
III, Division 1—Subsection NB, Class 1 Components,
Rules for Construction of Nuclear Power Plant Compo-
nents, 1998 Edition. (Note: Although direct reference is
made to Subsection NB and its related paragraphs, Sub-
sections NC and ND for Class 2 and 3 components have
essentially the same requirements.)

(4) British Standard Specification for Class I Arc
Welding of Ferritic Steel Pipework for Carrying Fluids

(BS 2633), 1987 Edition, with Amendments to No. 2,
July 1992.

2.2 Repair Codes

(1) NBIC  National Board Inspection Code
(ANSI/NB-23), 1995 Edition, with Addenda through
1996.

(2) API Piping Inspection Code [Inspection, Repair,
Alteration, and Rerating of In-Service Piping Systems]
(ANSI/API 570), June 1993 Edition, with Supplements
through #1, January 1995.

2.3 Recommended Practices
Environment

(1) Methods and Controls to Prevent In-Service Envi-
ronmental Cracking of Carbon Steel Weldments in Cor-
rosive  Petroleum Refining Environments (NACE
RP0472-95), 1995.

(2) Avoiding Environmental Cracking in Amine Units

(ANSI/API 945), 1990.

Regarding Service

3. Introduction

These recommended practices consider the various is-
sues associated with local heating of welds in piping and
tubing. They specifically address application of con-
trolled heat to the weld metal, heat-affected zone (HAZ),
and a limited volume of base metal adjacent to the weld,
as opposed to heating the entire component (piping or
tubing system) in a furnace or oven. The recommended
practices generally address issues associated with cir-
cumferential butt welds. As such, primary emphasis is
given to considering local 360-degree band heating.
However, limited consideration of local spot heating is
also provided. Although aimed at local heating, various
issues common to both local and furnace heating are also
discussed.
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In the manufacture, field fabrication and/or repair of
piping and tubing, it may be necessary to heat compo-
nents before welding (bake-out or preheating) between
passes (interpass heating) or after welding (postheating
or postweld heat treatment [PWHT]). This document ad-
dresses all of these purposes for heating, with the main
emphasis on PWHT.

Although heating of piping and tubing may be per-
formed in a furnace, component size, convenience, or use
of a process such as preheat/interpass heating may pre-
clude the use of a furnace. In such cases, the weld and
adjacent material may be locally heated by one of the
methods discussed in these recommended practices.
Local heating is also very common during field fabrica-
tion and/or repair of components. The method used will
often be determined by the availability of equipment, the
accessibility of the area to be heated, constraints imposed
by adjacent materials or components, and the type of
heating operation to be performed.

The need for PWHT is driven by code requirements
and/or concerns regarding the service environment. So-
called “code required” PWHT is generally aimed at im-
proving resistance to brittle fracture. To accomplish this,
PWHT attempts to improve notch toughness and relax
residual stress. When service requirements dictate the
need for PWHT, additional objectives such as hardness
reduction and/or stress relaxation aimed to be below a
specific threshold level become important, depending
upon the environment. The PWHT considerations and
recommendations discussed in Section 6 are aimed at
“code required” PWHT. Section 13 considers some of
the issues and objectives associated with service environ-
ments and makes additional recommendations. The strat-
egy followed in providing recommendations for local,
“code required” PWHT was to attempt to duplicate the
outcome of furnace heating (e.g., heating the entire com-
ponent) within a localized region (soak band) surround-
ing the weld. While a similar strategy is applied to meet
the additional objectives associated with service environ-
ments, the ability of furnace and/or local PWHT to meet
these objectives must be carefully assessed based upon
the specific environment.

4. Purposes for Local Heating

Brief discussions of the purposes for bake-out, pre-
heat/interpass heating, postheating, and PWHT are
provided in this section.

4.1 Bake-Out. Although a standard term for this process
is not recognized by AWS, such heating is performed to
remove hydrogen from material prior to manufacture,
fabrication or repair activity. At the temperatures com-
monly used for such heating, removal of atomic hydro-

gen (H), as opposed to molecular hydrogen (H,), is
generally the objective. Molecular hydrogen which is
trapped at voids such as inclusions, weld defects, blisters,
etc. will not be removed unless the temperature is raised
sufficiently to dissociate it to atomic hydrogen. The tem-
perature required to accomplish such dissociation is typi-
cally near that used for PWHT. When molecular
hydrogen is present, care must be exercised such that
temperature and hydrogen partial pressure do not result
in conditions under which high temperature hydrogen at-
tack can occur. As a result, temperature limitations may
be imposed.

One common source of hydrogen is the service envi-
ronment, such as found in wet H,S service. Therefore,
this heating is frequently applied to service exposed ma-
terial prior to repair activity. The purpose for removing
the hydrogen is to prevent hydrogen-induced (delayed)
cracking in the weld metal and/or HAZ. Since the objec-
tive is to facilitate diffusion to free surfaces, time-tem-
perature parameters are selected such that sufficient
hydrogen mobility is provided to accomplish the desired
degree of removal during the allotted hold time.

Considerations in selecting parameters include the
following:

(1) Initial hydrogen content (dependent upon welding
process and/or service environment),

(2) Desired final hydrogen content (based upon
knowledge of the critical level for the material),

(3) Hydrogen diffusion coefficient as a function of
temperature for the material,

(4) Diffusion path or distance to free surface (typi-
cally one-half of the material thickness),

(5) Model to describe the diffusion process,

(6) Selection of temperature based upon knowledge
of hydrogen trapping, and

(7) Temperature restrictions to avoid adverse effects
upon the material.

A detailed methodology for selecting hydrogen
removal parameters is available (Reference 1). In most
cases, a quantitative approach (e.g., one accounting for all
of the above considerations) for the selection of parame-
ters is not applied. Instead, experience-based parameters
are used. The cited fabrication codes contain no guidance
with regard to bake-out parameters. However, API 945
(see 4.5.3) does provide recommendations: 450°—600°F
(230°-315°C) for 2 to 4 hours. When specifying experi-
ence-based parameters, it is recommended that time be
specified as a function of thickness to account for the
variable diffusion path, with a minimum time require-
ment. For example, 500°-600°F (260°-316°C) for
2 hours per inch (25 mm) of thickness, with 2 hours min-
imum, is reported (Reference 1) to be a reasonable ap-
proach for carbon and low alloy steels. However, based
upon concerns with regard to hydrogen trapping, it ap-



pears prudent to use temperatures of 600°F (316°C) and
higher. Temperature restrictions may need to be imposed
to avoid high temperature hydrogen attack and/or adverse
metallurgical reactions such as temper embrittlement.

4.2 Preheating and Interpass Heating. These processes
generally have the same purposes and are aimed at
achieving the minimum preheat and interpass tempera-
tures. The former is applicable to the base metal immedi-
ately prior to the start of welding and the latter to the
weld area (weld metal, HAZ, and adjacent base metal)
prior to start of each pass in a multi-pass weld.

One reason for preheat/interpass heating is to prevent
hydrogen cracking in the weld metal and/or HAZ. This
objective is accomplished by the interaction of several ef-
fects including: driving off moisture prior to the start of
welding, reducing the cooling rate, and increasing the
rate of hydrogen diffusion. A second reason for preheat-
ing and interpass heating is the redistribution of solidifi-
cation stresses that results from the greater time for this
to occur afforded by the slower cooling rate. A third rea-
son for preheating and interpass heating is to reduce the
cooling rate in materials that form hard or brittle micro-
structural constituents when cooled too rapidly from
welding temperatures.

The previously referenced fabrication and repair
codes provide guidance or requirements regarding spe-
cific temperatures. The temperature requirements are
typically based upon composition (carbon equivalent)
and thickness. These fabrication codes may also utilize
preheat/interpass temperature requirements to provide
exemptions from PWHT.

More restrictive preheat/interpass heating require-
ments should be imposed for repairs involving highly re-
strained weldments and for specialized welding such as
controlled deposition. In addition, for materials with
higher hardenability and for welding processes or con-
sumables with increased hydrogen potential, mainte-
nance of preheat/interpass heating may be required until
the application of postheating or PWHT.

For reasons explained above, most welding proce-
dures specify a minimum preheat/interpass temperature
that must be maintained whenever welding takes place.
Many welding procedures also specify maximum inter-
pass temperatures, which should not be exceeded prior to
depositing the next pass in the same area. A maximum
interpass temperature may be specified for metallurgical
reasons such as maintaining the notch toughness of fer-
ritic steels or the corrosion resistance of austentitic stain-
less steels and some non-ferrous alloys. A maximum
interpass temperature may also be specified to protect the
health and effectiveness of the welder.

4.3 Postheating. By definition, this process encompasses
all heating performed after welding has been stopped
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(both after completion and at an intermediate point), in-
cluding PWHT. However, it is generally recognized that
postheating is performed at a lower temperature, gener-
ally 300°-600°F (149°-316°C) versus 1000°-1400°F
(538°-760°C) for PWHT, and with a different primary
objective than PWHT.

The primary objective for postheating is the removal
of hydrogen and the prevention of hydrogen-induced
cracking. The latter is also known as delayed cracking
since it can occur up to 48 hours after the weldment has
been cooled to ambient temperature. This is of special
concern when joining high strength and alloyed steels
(other than austenitic stainless steels), when the potential
for introducing hydrogen from the welding consumables
or base metal is not adequately controlled, or when
preheat/interpass heating is not sufficient. As such, much
of the bake-out discussion in 4.1 is also applicable to
this section. Depending upon the actual temperatures
used, some degree of tempering may also occur. Also,
the higher the martensite forming temperature in the
HAZ and weld metal, the greater the self-tempering on
cooling.

If postheating is deemed necessary due to concerns
regarding hydrogen cracking, the minimum preheat/in-
terpass temperature should be maintained until the appli-
cation of such postheating.

Frequently, postheating is applied in situations where
some delay is expected between the completion of weld-
ing and the application of PWHT. In those cases where it
is not practical or cost effective to maintain the pre-
heat/interpass temperature until PWHT, postheating may
be used. Similarly, a delay may be necessary before com-
pletion of welding. Again, when not practical to maintain
the preheat/interpass temperature until welding is re-
sumed, so-called “intermediate” postheating may be
used. Another example is the use of postheating with
controlled deposition welding as described below.

Fabrication or repair code requirements for postheat-
ing are generally associated with temper bead or con-
trolled deposition welding when used as an alternative to
PWHT. For example, ASME Section III and NBIC pro-
vide such requirements. The Section III (paragraph
NB-4622.9) requirement (for P-No. 1 materials) is 450°—
550°F (232°-288°C) for a minimum of 2 hours, while the
NBIC (Part RD-1000) requirement is 500°-550°F (260°—
288°C) for a minimum of 2 hours. It is again recom-
mended to specify time as a function of thickness to ac-
count for the variable diffusion path, with a minimum
time requirement. Temperatures in the range of 500°-
600°F (260°-316°C) for 2 hours per inch (25 mm) of
thickness, with 2 hours minimum, is consistent with re-
quirements for carbon and low alloy steels found in vari-
ous codes. However, based upon concerns with regard to
hydrogen trapping, it appears prudent to use temperatures
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of 600°F (316°C) and higher. Temperature restrictions
may also be necessary, as discussed in 4.1, due to adverse
metallurgical reactions.

4.4 Postweld Heat Treatment (PWHT). As discussed
in the previous section, PWHT is performed after weld-
ing, generally at a higher temperature and with different
objectives than postheating. As with postheating, PWHT
may need to be applied without allowing the temperature
to drop below the minimum for preheat/interpass.

Local PWHT of carbon and low alloy steels is typi-
cally performed below the lower critical transformation
temperature and is therefore referred to as subcritical. The
lower and upper critical transformation temperatures indi-
cate where the crystal structure of steel begins and finally
completes a change from body centered cubic to face cen-
tered cubic upon heating (the reverse upon cooling).

There are several reasons why local supercritical
PWHT (above the upper critical transformation tempera-
ture) such as annealing or normalizing is not desirable.
First and foremost, the temperature gradients inherent to
local PWHT would produce subcritical, intercritical and
supercritical temperature regions. Depending upon the
prior heat treatment of the material, this could result in a
detrimental effect upon properties (tensile/yield strength
and impact toughness) and/or local inhomogeneity. Ad-
ditionally, reduced material strength at supercritical tem-
peratures creates a greater likelihood for distortion.

For reasons relating to carbide precipitation and the
need for rapid cooling, localized solution annealing of
austenitic alloys such as 300 series stainless steels is also
generally not desirable. The discussion of PWHT below
and in other parts of this document refer to subcritical
PWHT, unless otherwise noted.

PWHT can have both beneficial and detrimental ef-
fects. Three primary benefits of PWHT are recognized.
These are tempering, relaxation of residual stresses and
hydrogen removal. Consequential benefits such as avoid-
ance of hydrogen induced cracking, dimensional stability,
and improved ductility, toughness, and corrosion resis-
tance result from the primary benefits. It is important that
PWHT conditions be determined based upon the desired
objectives. With regard to local PWHT, this is especially
true for stress relaxation, as will be discussed in later sec-
tions. When the objective of tempering is to achieve spe-
cific hardness requirements, it is important to recognize
that fabrication code minimum temperatures may not be
adequate. This is also discussed in later sections.

Excessive or inappropriate  PWHT temperatures
and/or long holding times can adversely affect proper-
ties. These adverse effects can include reduced tensile
strength, creep strength, and notch toughness (generally
caused by embrittlement due to precipitate formation).
The influence of PWHT on properties primarily depends
upon the composition of the weld metal and base metal

and prior thermal and mechanical processing of the base
metal. Stout (Reference 3) and a recent state-of-the-art
review (Reference 4) provide good summaries of the
effect of PWHT on properties.

The need for PWHT is usually driven by either a di-
rect requirement within a particular fabrication or repair
code, or by service environment concerns. Within the
fabrication codes cited in Section 2, requirements to
apply PWHT are generally triggered by material type
and thickness. These fabrication codes provide detailed
requirements regarding local PWHT. Such “code re-
quired” PWHT is generally aimed at reducing suscepti-
bility to brittle fracture, and as such is targeted to
improve notch toughness and relax residual stress. The
local PWHT recommendations provided in Section 6 are
given with these objectives in mind.

The need for PWHT based upon service environment
is not treated by the fabrication codes cited in Section 2.
Instead, guidance may be found in recommended prac-
tices regarding service environment, such as those cited
in Section 2. Applying PWHT for “service” can have a
variety of objectives. Reduction of hardness and stress
relaxation are two of the more common objectives re-
lated to service environments. It is important to note that
the threshold residual stress levels in such cases are often
less than those required for brittle fracture related con-
cerns, and more detailed requirements may therefore ap-
ply. The PWHT recommendations provided in Section
13 address additional considerations related to the ser-
vice environment.

Several comprehensive reviews regarding PWHT of
welded structures are available (References 3, 5, 6). In
addition, The Japan Welding Engineering Society has
published a document, which specifically addresses local
PWHT considerations related to piping (Reference 7).
Recent assessments of issues related to ASME Code and
Japan High Pressure Institute Standard (HPIS) PWHT
practices are also available (References 8, 9).

For PWHT to be successful, it should be based upon
engineering assessment and optimization of parameters
to meet the desired objectives. For example, as discussed
previously, PWHT may degrade notch toughness for cer-
tain materials. Consideration of issues such as those
stated above should be included in the assessment/opti-
mization. As a result, engineering judgment, in addi-
tion to stated code requirements, is often necessary.

5. Terminology for Local Heating

The terms that are defined in this section have been
adopted to provide standard terminology. Although
aimed primarily at PWHT, these terms may also be ap-
plied to the other purposes for heating. Figure 1 provides
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Nomenclature:
W = Widest width of butt or attachment weld.
HAZ = Heat-affected zone.

SB = Soak band (width of the volume of the material where the holding temperature equals or exceeds the minimum and equals or is
below the maximum required. The minimum width is typically specified as W plus a multiple of t on each side of the weld).

L = Minimum distance over which the temperature may drop to a percentage of that at the edge of the soak band.
HB = Heated band (width of heat source).

GCB= Gradient control band (minimum width of insulation and/or gradient heat source).

t = Nominal thickness of piping, branch connection, nozzle neck, or attachment.

R = Inside radius of piping, branch connection, or nozzle neck.

Figure 1—Schematic Diagram for Description of Local 360-Degree Band Heating

a schematic diagram which uses the terms soak band,
heated band and gradient control band to describe local
360-degree band heating. Although not used in Figure 1,
the term control zone can also be applied to local 360-
degree band heating. All four terms can also be used to
describe local spot (not 360-degree band) heating.

5.1 Soak Band (SB). The soak band consists of the
through-thickness volume of metal, which is heated to
the minimum but does not exceed the maximum required
temperature. As a minimum, it should consist of the weld
metal, HAZ, and a portion of the base metal adjacent to
the weld being heated.

5.2 Heated Band (HB). The heated band consists of the
surface area over which the heat source is applied to
achieve the required temperature in the soak band and
limit induced stresses in the vicinity of the weld. It
should consist of the soak band plus any adjacent base
metal necessary to both control the temperature and limit
induced stress within the soak band.

5.3 Gradient Control Band (GCB). The gradient control
band consists of the surface area over which insulation
and/or supplementary heat source(s) are placed. It should
encompass the soak band, heated band, and sufficient ad-
jacent base metal such that the maximum permissible



AWS D10.10/D10.10M:1999 (R2009)

axial temperature gradient within the heated band is not
exceeded.

5.4 Control Zone. A control zone consists of a grouping
of one or more heat sources which are controlled (turned
on and off) based upon input from a single temperature
measuring device (typically a thermocouple). One or
more zones may be present in the circumferential and/or
axial directions.

6. Local 360-Degree Band Heating

The cited fabrication codes are based upon the use of
360-degree bands for local heating. For preheat/interpass
heating, the cited fabrication codes typically specify only
soak band width. For PWHT, the cited fabrication codes
may specify soak band width, heated band width and/or
axial temperature gradients. Since local heating of piping
is typically from the outside, radial (through-thickness)
temperature gradients should be considered, but are not
addressed. The cited fabrication codes do not address any
of these issues with respect to bake-out or postheating.
Repair codes such as NBIC and paragraphs relating to re-
pair in fabrication codes typically specify only the soak
band width for preheat/interpass heating.

The following sections consider the various issues af-
fecting the soak band, heated band, gradient control
band, and axial temperature gradient and then provide
recommendations. The presentation of issues and recom-
mendations addresses bake-out, preheat/interpass heating,
postheating, and PWHT. A more in-depth examination of
the issues and recommendations is available in Annex A
and B. Also included in this section are recommended
PWHT practices for common piping welds. Since re-
quirements may differ between different codes and
specifications, the applicable version of these docu-
ments should govern for each specific application.

6.1 Soak Band. The soak band width is established to in-
sure that the required volume of metal achieves the tem-
perature needed to produce the desired effect. Tables 1
and 2 compare the minimum preheat/interpass heating
and PWHT soak band widths specified by several of the
codes cited in Section 2.

6.1.1 Soak Band Width for Preheat/Interpass
Heating. The requirement for preheat/interpass heating
an area 3 in. (75 mm), or 1.5t (where t = pipe wall thick-
ness), whichever is greater, in all directions from the
point of welding appears to work well and is also used by
pressure vessel and structural welding codes. Use of the
greater of the minimum soak band width shown below or
that provided in the governing document for preheat/
interpass heating is recommended.

Minimum Recommended Soak Band Width
for Preheating/Interpass Heating

3 in. (75 mm) or 1.5t, whichever is greater, in all direc-
tions from the point of welding, where t = pipe wall
thickness

6.1.2 Soak Band Width for PWHT. Note the desir-
ability of the ASME Section III and B31.3 PWHT sizing
approaches shown in Table 2 which prevent the soak
band from becoming unnecessarily large as thickness in-
creases. The 1998 Edition of ASME Section VIII (for
pressure vessels) was revised to use the term soak band
and the Section III width. Use of the greater of the mini-
mum soak band width shown below or that provided in
the governing document for PWHT is recommended.

Minimum Recommended
Soak Band Width for PWHT

t or 2 in. (50 mm), whichever is less, on either side of the
weld at its greatest width, where t = pipe wall thickness

6.1.3 Soak Band Width for Bake-Out and Postheat-
ing. The cited fabrication codes do not provide guidance
regarding the width of the soak band for bake-out or
postheating. The soak band width for bake-out should be
larger than that for either preheat/interpass heating or
PWHT. This is to insure that hydrogen does not diffuse back
into the weld area during welding. Use of the greater of the
minimum soak band width shown below or that provided
in the governing document for bake-out is recommended.

Minimum Recommended
Soak Band Width for Bake-Out

6 in. (150 mm) or 3t, whichever is greater, in all
directions from the weld, where t = pipe wall thickness

Since the objective of postheating is to remove hydro-
gen from weld metal, HAZ and surrounding base metal,
the minimum width recommended above for PWHT ap-
pears to be adequate for postheating. Use the greater of
the minimum soak band width shown below or that pro-
vided in the governing document for postheating.

Minimum Recommended
Soak Band Width for Postheating

t or 2 in. (50 mm), whichever is less, on either side of the
weld at its greatest width, where t = pipe wall thickness
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Table 1
Comparison of Minimum Preheat/Interpass Heating Soak Band Widths
Code Minimum Soak Band Width
B31.1 3 in. (75 mm) or 1.5 times the base metal thickness, whichever is greater, in all directions
from the point of welding
B31.3 25 mm (1 in.) beyond the edge of the weld

ASME Section III, Subsection NB

None specified for initial weld

The weld area plus a band around the repair area of at least 1.5 times the component thickness
or 5 in. (125 mm), whichever is less for temper bead weld repair without PWHT

BS 2633

75 mm (3 in.) from the joint

NBIC 4 in. (100 mm) or 4 times the material thickness, whichever is greater on each side of the weld
groove for repairs which penetrate the full thickness

4 in. (100 mm) or 4 times the depth of the repair weld, whichever is greater on each side of the
joint for repairs which do not penetrate the full thickness

Table 2
Comparison of Minimum PWHT Soak Band Widths

Code

Minimum Soak Band Width

B31.1 Piping Welds

3 times the wall thickness at the weld of the thickest part being joined, with the weld in the

middle of the band

Nozzle and Attachment Welds
2 times the header thickness on either side of the attachment weld

B31.3 1 in. (25 mm) beyond the weldment on either side

ASME Section 111, Subsection NB
greatest width

Thickness of the weld or 2 in. (50 mm), whichever is less, on either side of the weld face at its

BS 2633

1.5 times the pipe thickness on each side of the weld centerline

6.2 Heated Band. The size of the heated band is impor-
tant with regard to two considerations. Because of the
inherent radial temperature gradient, the band should be
large enough to insure that the minimum required tem-
perature extends through the thickness in the soak band.
In addition, local heating of a cylindrical shell will pro-
duce bending moments and shear stresses. These bending
moments and shear stresses can cause distortion and/or
induce residual stress in the weld region. The magnitude
and location of these stresses are affected by the width of
the heated band and axial temperature distribution. The
through-thickness temperature gradient issue is relevant
for all of the purposes for heating while induced stresses
are principally of concern for PWHT.

ASME Section III, B31.1, and B31.3 do not provide
specific guidance regarding the width of the PWHT
heated band. BS 2633 provides a minimum recommended
PWHT heated band width of five times pipe wall thick-
ness (5t). However, in one figure it implies use of a heated
area of 2.5JR_t on either side of a branch connection,
where R = inside radius and t = pipe wall thickness. Al-
though not explicitly stated, many users interpret BS 2633
to require a heated band width extending 2.5 JRt on ei-
ther side of a weld. None of the codes cited in Section 2
provide guidance with regard to the heated band width for
bake-out, preheat/interpass heating, or postheating.

When attempting to establish the minimum required
heated band width, the user should first insure that it is
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adequate to achieve the minimum temperatures required
in the soak band. Further consideration should then be
made with regard to the effect of stresses induced by the
local heating. Such consideration should include assess-
ment of distortion and residual stresses.

6.2.1 Heated Band Width for PWHT. The following
recommendations are aimed at meeting the typical
PWHT objectives found in fabrication codes (so-called
“code required” PWHT). Further discussion and recom-
mendations when the service environment should also be
considered are provided in Section 13. In addition, 6.6.1
and 6.6.2 address PWHT practices related to piping in
the horizontal and vertical positions. The position of the
piping has an effect on one criterion used to establish the
width of the heated band.

Recommendations regarding the heated band width
are presented based upon both induced stress and
through-thickness temperature gradient criteria as dis-
cussed in Annex A. Additionally, it is recommended that
the minimum heated band width be at least the minimum
soak band width plus 2 in. (50 mm). This recommenda-
tion is made to prevent the edge of the soak band getting
too close to the edge of the heater and the associated tem-
perature drop. The SB plus 2 in. (50 mm) criterion will
determine the width only when the diameter is very
small. Minimum heated band widths determined by the
induced stress criterion are referred to as HB1 and were
calculated using Equation (1). Those determined using
the through-thickness temperature criterion are referred
to as HB2 and were calculated using Equation (2).

Minimum Heated Band Width
Based upon Induced Stress Criterion

HBI1 =SB + 4 /Rt (1

where:
SB = soak band width
R = pipe inside radius
t = pipe wall thickness

Minimum Heated Band Width Based upon
Through-Thickness Temperature Criterion

I[L_IDZ+(ID)(SB)}

HB2 = oD )

H.

where:
H; =ratio of heat source area to heat loss area
OD = outside diameter of pipe
ID = inside diameter of pipe
SB = soak band width

As discussed in Annex A, the empirical nature of the
through-thickness temperature criterion used to calculate
HB2 results in the need to vary the H; ratio for different
conditions. Therefore, different H; ratios are recom-
mended depending upon piping position, number of con-
trol zones, and temperature. In addition, the user is
cautioned that H; ratios larger than recommended below
may be required as thickness increases significantly be-
yond 1 in. (25 mm), the thickness at which the empiri-
cally derived data was obtained.

Use the greater of the minimum heated band width
shown below or that provided in the governing document
for PWHT. The user should note that the resultant mini-
mum recommended heated band widths are considerably
larger than current domestic practices and greater than in-
ternational practices for those cases where HB2 is larger.

Minimum Recommended
Heated Band Width for PWHT!

Use larger of minimum soak band width plus 2 in. (50 mm),
HBI1 or HB2. Use H; = 5 for piping in the horizontal posi-
tion with pipe sizes up to 6 NPS (150 DN) and one cir-
cumferential control zone. If two circumferential control
zones are used for piping in the horizontal position with
pipe sizes of 6 NPS (150 DN) and below, H; = 3 could be
used. Use H; = 3 for piping in the horizontal position with
pipe sizes over 6 NPS (150 DN) with a minimum of two
circumferential control zones and for all vertical piping.

Tables 3 through 5 provide recommended minimum
PWHT heated band widths for common piping dimen-
sions based upon the above recommendations and B31.1,
B31.3, and ASME Section III minimum PWHT soak
band requirements respectively. It should be noted that the
recommendations in Tables 3 through 5 are for piping in
the horizontal position. However, the heated band widths
for pipe sizes greater than 6 NPS (150 DN) in these tables
can also be used for vertical piping since an H; ratio of 3 is
used for piping in both the horizontal (with a minimum of
two control zones) and vertical positions.

It is recommended that the larger of HB1 or HB2 in
Tables 3 through 5 be used. It should be noted that the
SB plus 2 in. (50 mm) criterion is already included in the
calculations of HB1 and HB2 shown in these tables. As
can be seen in the tables, piping dimensions, soak band
size (e.g., code), and appropriate H; ratio based upon the
number of control zones determine which will be larger.
The larger of the two sizes for HB1 and HB2 in Tables 3
through 5 are shown in bold.

6.2.2 Heated Band Width for Bake-Out, Preheat/
Interpass Heating and Postheating. As a result of the

! NPS = Nominal Pipe Size
DN = Diameter Number
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Table 3
Minimum Recommendations for Local 360-Degree Band PWHT of Girth Welds on Piping in
the Horizontal Position Based upon B31.1 Minimum PWHT Soak Band Requirements

Minimum Heated Band Width Minimum

ini ; i Minimum

. . . Piping Dimensions Minimum (Use Larger) GCB Width | Numbor

Nominal Pipe Diameter|  oyside Wall Soak Band Beyond HB | of Circ.

Size Sch. Diameter (OD) Thickness Width HB1 HB2 Width Control

(NPS) (DN) No. in. (mm) in. (mm) | in. (mm) | in. (mm) | in. (mm) | in. (mm) Zones
2 50 std | 2.375 (60.33) | 0.154 (3.91)| 0.5 (12.7) 2.5 (635 35 (88.9) 1.6 (40.6) 1
2 50 80 | 2.375 (60.33) | 0.218 (5.54)| 0.7 (17.8) 27 (68.6)] 4.6 (116.8)| 1.8 (45.7) 1
4 100 std | 4.500 (114.30)| 0.237 (6.02)| 0.7 (17.8) 35 (889)| 54 (137.2)| 2.8 (71.1) 1
4 100 80 | 4.500 (114.30)| 0.337 (8.56)| 1.0 (25.4) | 4.2 (106.7)| 7.4 (188.0)| 3.2 (81.3) 1
4 100 120 | 4.500 (114.30)| 0.438 (11.13)| 1.3 (33.0) | 49 (124.5)| 9.2 (233.7)| 3.6 (914 1
4 100 160 | 4.500 (114.30)| 0.531 (13.49)| 1.6 (40.6) 54 (137.2)| 103 (261.6)| 3.8 (96.5) 1
6 150 std | 6.625 (168.28)| 0.280 (7.11)| 0.8 (20.3) | 4.5 (1143)| 6.5 (165.1)| 3.7 (94.0) 1
6 150 80 6.625 (168.28)| 0.432 (10.97)| 1.3 (33.0) 5.8 (147.3)| 9.7 (246.4)| 4.5 (114.3) 1
6 150 120 | 6.625 (168.28)| 0.562 (14.27)| 1.7 (43.2) 6.7 (170.2)| 12.1 (307.3)| 5.0 (127.0) 1
6 150 160 | 6.625 (168.28)| 0.719 (18.26)| 2.2 (55.9) 7.6 (193.0)| 149 (378.5)| 5.5 (139.7) 1

AHi=5)
' Hi = 3 i

8 200 std 8.625 (219.08)| 0.322 (8.18)| 1.0 (25.4)| 5.5 (139.7)| 4.5 (114.3)| 4.5 (114.3) 2
8 200 80 8.625 (219.08)| 0.500 (12.70)| 1.5 (38.1)| 7.0 (177.8)| 6.8 (172.7)| 5.5 (139.7) 2
8 200 120 8.625 (219.08)| 0.719 (18.26)| 2.2 (55.9)| 8.6 (2184)| 9.3 (236.2)| 6.4 (162.6) 2
8 200 160 8.625 (219.08)| 0.906 (23.01)| 2.7 (68.6)| 9.7 (246.4)| 11.3 (287.0)| 7.0 (177.8) 2
10 250 std [10.750 (273.05)| 0.365 (9.27)| 1.1 (27.9)| 6.5 (165.1)| 5.2 (132.1)| 54 (137.2) 2
10 250 80 |10.750 (273.05)| 0.594 (15.09)| 1.8 (45.7)| 8.5 (215.9)| 8.1 (205.7)| 6.7 (170.2) 2
10 250 120 [10.750 (273.05)| 0.844 (21.44)| 2.5 (63.5)| 104 (264.2)| 11.1 (281.9)| 7.8 (198.1) 2
10 250 160 [10.750 (273.05)| 1.125 (28.58)| 3.4 (86.4)| 12.1 (307.3)| 14.0 (355.6)| 8.7 (221.0) 2
12 300 std [12.750 (323.85)| 0.375 (9.53)| 0.1 25 7.1 (180.3)| 54 (137.2)| 6.0 (152.4) 2
12 300 80 |12.750 (323.85)| 0.688 (17.48)| 2.1 (53.3)| 10.0 (254.0)| 9.4 (238.8)| 7.9 (200.7) 2
12 300 120 [12.750 (323.85)| 1.000 (25.40)| 3.0 (76.2)| 123 (312.4)| 13.1 (332.7)| 9.3 (236.2) 2
12 300 160 [12.750 (323.85)| 1.312 (33.32)| 3.9 (99.1)| 142 (360.7)| 16.4 (416.6)| 10.3 (261.6) 2
14 350 std |[14.000 (355.60)| 0.375 (9.53)| 1.1 (27.9)| 74 (188.0)| 54 (137.2)| 6.3 (160.0) 3
14 350 80 |14.000 (355.60)| 0.750 (19.05)| 2.3 (58.4)| 10.9 (276.9)| 10.3 (261.6)| 8.7 (221.0) 3
14 350 120 [14.000 (355.60)| 1.094 (27.79)| 3.3 (83.8)| 13.4 (340.4)| 144 (365.8)| 10.2 (259.1) 3
14 350 160 [14.000 (355.60)| 1.406 (35.71)| 4.2 (106.7)| 154 (391.2)| 17.7 (449.6)| 11.2 (284.5) 3
16 400 std [16.000 (406.40)| 0.375 (9.53)| 1.1  (27.9)| 7.9 (200.7)| 54 (137.2)| 6.8 (172.7) 3
16 400 80 [16.000 (406.40)| 0.844 (21.44)| 2.5 (63.5)| 124 (315.0)| 11.6 (294.6)| 9.8 (248.9) 3
16 400 120 [16.000 (406.40)| 1.219 (30.96)| 3.7 (94.0)| 152 (386.1)| 16.1 (408.9)| 11.5 (292.1) 3
16 400 160 [16.000 (406.40)| 1.594 (40.49)| 4.8 (121.9)| 17.6 (447.0)| 20.1 (510.5)| 12.8 (325.1) 3
18 450 std [18.000 (457.20)| 0.375 (9.53)| 1.1 (27.9)| 83 (210.8)| 54 (137.2)| 7.2 (182.9) 3
18 450 80 |18.000 (457.20)| 0.938 (23.83)| 2.8 (71.1)| 13.8 (350.5)| 12.9 (327.7)| 11.0 (279.4) 3
18 450 120 [18.000 (457.20)| 1.375 (34.93)| 4.1 (104.1)| 17.1 (434.3)| 18.1 (459.7)| 13.0 (330.2) 3
18 450 160 [18.000 (457.20)| 1.781 (45.24)| 5.3 (134.6)| 19.7 (500.4)| 22.5 (571.5)| 143 (363.2) 3
20 500 std  [20.000 (508.00)| 0.375 (9.53)| 1.1 (27.9)| 8.7 (221.0)| 5.5 (139.7)| 7.6 (193.0) 4
20 500 80 [20.000 (508.00)| 1.031 (26.19)| 3.1 (78.7)| 15.3 (388.6)| 14.2 (360.7)| 12.2 (309.9) 4
20 500 120 [20.000 (508.00)| 1.500 (38.10)| 4.5 (114.3)| 18.8 (477.5)| 19.8 (502.9)| 14.3 (363.2) 4
20 500 160 [20.000 (508.00)| 1.969 (50.01)| 5.9 (149.9)| 21.8 (553.7)| 24.9 (632.5)| 159 (403.9) 4

(Continued)
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Table 3 (Continued)
Minimum Recommendations for Local 360-Degree Band PWHT of Girth Welds on Piping in
the Horizontal Position Based upon B31.1 Minimum PWHT Soak Band Requirements

Minimum Heated Band Width Minimum
ipi i i Minimum

- . . Piping Dimensions Minimum (Use Larger) GCB Width Numbor

Nominal Pipe Diameter Outside Wall Soak Band Beyond HB | o Cire.

Size Sch. | Diameter (OD) Thickness Width HBI1 HB2 Width Control

(NPS) (DN) No. in. (mm) in. (mm) | in. (mm) | in. (mm) | in. (mm) | in. (mm) Zones
22 550 std 22.000 (558.80)| 0.375 (9.53)| 1.1 (279 | 91 (31.1)| 55 (139.7)| 8.0 (203.2) 4
22 550 80 [22.000 (558.80)| 1.125 (28.58)| 3.4 (86.4) | 16.7 (424.2)| 15.5 (393.7)| 13.3 (337.8) 4
22 550 120 [22.000 (558.80)| 1.625 (41.28)| 4.9 (124.5)| 20.5 (520.7)| 21.5 (546.1)| 15.6 (396.2) 4
22 550 160 [22.000 (558.80)| 2.125 (53.98)| 6.4 (162.6)| 23.7 (602.0)| 26.9 (683.3)| 17.4 (442.0) 4
24 600 std 124.000 (609.60)| 0.375 (9.53)| 1.1 (27.9)| 9.5 (241.3)| 55 (139.7)| 84 (213.4) 4
24 600 80 24.000 (609.60)| 1.218 (30.94)| 3.7 (94.0) | 18.1 (459.7)| 16.8 (426.7)| 14.5 (368.3) 4
24 600 120 [24.000 (609.60)| 1.812 (46.02)| 5.4 (137.2)| 22.6 (574.0)| 23.9 (607.1)| 17.2 (436.9) 4
24 600 160 [24.000 (609.60)| 2.344 (59.54)| 7.0 (177.8)| 26.1 (662.9)| 29.7 (754.4)| 19.0 (482.6) 4
26 650 10 [26.000 (660.40)| 0.312 (7.92)| 0.9 (22.9)| 89 (226.1)] 46 (116.8)| 8.0 (203.2) 4
26 650 std 126.000 (660.40)| 0.375 (9.53)| 1.1 (27.9)| 9.8 (248.9)| 5.5 (139.7)| 8.7 (221.0) 4
26 650 20 [26.000 (660.40)| 0.500 (12.70)| 1.5 (38.1) | 11.5 (292.1)| 7.3 (185.4)| 10.0 (254.0) 4
28 700 10 [28.000 (711.20)| 0.312 (7.92)| 0.9 (22.9) | 9.2 (233.7)| 4.6 (116.8)| 83 (210.8) 4
28 700 std [28.000 (711.20)| 0.375 (9.53)| 1.1 (27.9) | 10.2 (259.1)| 5.5 (139.7)| 9.0 (228.6) 4
28 700 20 [28.000 (711.20)| 0.500 (12.70)| 1.5 (38.1) | 11.9 (302.3)| 7.3 (1854)| 104 (264.2) 4
28 700 30 [28.000 (711.20)| 0.625 (15.88)| 1.9 (48.3) | 13.4 (340.4)| 9.0 (228.6)| 11.6 (294.6) 4
30 750 10 {30.000 (762.00)| 0.312 (7.92)| 0.9 (22.9) | 9.5 (241.3)| 4.6 (116.8)| 8.6 (218.4) 4
30 750 std  [30.000 (762.00)| 0.375 (9.53)| 1.1 (27.9) | 10.5 (266.7)| 5.5 (139.7)| 9.4 (238.8) 4
30 750 20 30.000 (762.00)| 0.500 (12.70)| 1.5 (38.1) | 12.3 (312.4)| 7.3 (1854)| 10.8 (274.3) 4
30 750 30 [30.000 (762.00)| 0.625 (15.88)| 1.9 (48.3) | 139 (353.1)| 9.1 (231.1)| 12.0 (304.8) 4
32 800 10 [32.000 (812.80)| 0.312 (7.92)| 0.9 (229)| 9.8 (248.9)| 46 (116.8)| 8.8 (223.5) 5
32 800 std  [32.000 (812.80)| 0.375 (9.53)| 1.1 (27.9) | 10.8 (274.3)| 5.5 (139.7)| 9.7 (246.4) 5
32 800 20 [32.000 (812.80)| 0.500 (12.70)| 1.5 (38.1) | 12.6 (320.0)| 7.3 (185.4)| 11.1 (281.9) 5
32 800 30 [32.000 (812.80)| 0.625 (15.88)| 1.9 (48.3) | 143 (363.2)| 9.1 (231.1)| 124 (315.0) 5
34 850 10 [34.000 (863.60)| 0.312 (7.92)| 0.9 (22.9) | 10.1 (256.5)| 4.6 (116.8)| 9.1 (231.1) 5
34 850 std |34.000 (863.60)| 0.375 (9.53)| 1.1 (27.9) | 11.1 (281.9)| 5.5 (139.7)| 10.0 (254.0) 5
34 850 20 |34.000 (863.60)| 0.500 (12.70)| 1.5 (38.1) | 13.0 (330.2)| 7.3 (1854)| 11.5 (292.1) 5
34 850 30 [34.000 (863.60)| 0.625 (15.88)| 1.9 (48.3) | 14.7 (373.4)| 9.1 (231.1)| 12.8 (325.1) 5
36 900 10 [36.000 (914.40)| 0.312 (7.92)| 0.9 (22.9) | 10.3 (261.6)| 4.6 (116.8)| 9.4 (238.8) 5
36 900 std 136.000 (914.40)| 0.375 (9.53)| 1.1 (27.9) | 11.4 (289.6)| 5.5 (139.7)| 10.3 (261.6) 5
36 900 20 [36.000 (914.40)| 0.500 (12.70)| 1.5 (38.1) | 13.3 (337.8)| 7.3 (1854)| 11.8 (299.7) 5
36 900 30 [36.000 (914.40)| 0.625 (15.88)| 1.9 (48.3) | 15.1 (383.5)| 9.1 (231.1)| 13.2 (335.3) 5

Notes:

. NPS = nominal pipe size, DN = diameter number, OD = outside diameter, t = wall thickness, R = inside radius, ID = inside diameter.

. The minimum PWHT soak band (SB) width for girth welds is defined as 3t.

. In all cases, the minimum heated band width shall be at least the minimum soak band width plus 2 in. (50.8 mm).

. Minimum heated band width HB1 = greater of SB + [4 X A/R—t 1 or Note 3.

. Minimum heated band width HB2 = greater of 5 x [(OD?— ID?)/2 + (ID x SB)]/OD or Note 3 for piping size up to 6 NPS, where 1 circumferential
control zone is used. If two zones are used, the width in Note 6 could be used.

. Minimum heated band width HB2 = greater of 5 x [(OD?—ID?)/2 + (ID X SB)]/OD or Note 3 for piping size up to 6 NPS and with a minimum of 2
circumferential control zones.

7. The larger heated band is shown in bold.

8. Minimum gradient control band (GCB) width beyond heated band width = [4 x JR—t 1.

[N NI S
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AWS D10.10/D10.10M:1999 (R2009)

Table 4
Minimum Recommendations for Local 360-Degree Band PWHT of Girth Welds on Piping in
the Horizontal Position Based upon B31.3 Minimum PWHT Soak Band Requirements

Minimum Heated Band Width Minimum

ini ; i Minimum

. . . Piping Dimensions Minimum (Use Larger) GCB Width | Numbor

Nominal Pipe Diameter|  oyside Wall Soak Band Beyond HB | of Circ.

Size Sch. Diameter (OD) Thickness Width HB1 HB2 Width Control

(NPS) (DN) No. in. (mm) in. (mm) | in. (mm) | in. (mm) | in. (mm) | in. (mm) Zones
2 50 std 2.375 (60.33)| 0.154 (3.91)| 2.2 (55.9)| 42 (106.7)| 10.8 (274.3)| 1.6 (40.6) 1
2 50 80 2.375 (60.33)| 0.218 (5.54)| 2.2 (55.9)| 4.2 (106.7)| 11.0 (279.4)| 1.8 (45.7) 1
4 100 std 4.500 (114.30)| 0.237 (6.02)| 2.2 (55.9)| 5.0 (127.0)| 12.3 (312.4)| 2.8 (71.1) 1
4 100 80 | 4.500 (114.30)| 0.337 (8.56)| 2.3 (584)| 55 (139.7)| 13.1 (332.7)| 3.2 (81.3) 1
4 100 120 | 4.500 (114.30)| 0.438 (11.13)| 2.4 (61.0)| 6.0 (152.4)| 13.8 (350.5)| 3.6 (91.4) 1
4 100 160 | 4.500 (114.30)| 0.531 (13.49)| 2.5 (63.5)| 6.4 (162.6)| 144 (365.8)| 3.8 (96.5) 1
6 150 std 6.625 (168.28)| 0.280 (7.11)| 2.3 (58.4)| 6.0 (152.4)| 13.1 (332.7)| 3.7 (94.0) 1
6 150 80 6.625 (168.28)| 0.432 (10.97)| 2.4 (61.0)| 69 (175.3)| 14.6 (370.8)| 4.5 (114.3) 1
6 150 120 6.625 (168.28)| 0.562 (14.27)| 2.6 (66.0)| 7.5 (190.5)| 15.8 (401.3)| 5.0 (127.0) 1
6 150 160 6.625 (168.28)| 0.719 (18.26)| 2.7 (68.6)| 8.2 (208.3)| 17.1 (434.3)| 5.5 (139.7) 1

AHi=5)
' Hi = 3 i

8 200 std 8.625 (219.08)| 0.322 (8.18)| 2.3 (58.4)| 6.9 (1753)| 83 (210.8)| 4.5 (114.3) 2
8 200 80 8.625 (219.08)| 0.500 (12.70)| 2.5 (63.5)| 8.0 (203.2)| 9.5 (241.3)| 5.5 (139.7) 2
8 200 120 8.625 (219.08)| 0.719 (18.26)| 2.7 (68.6)| 9.1 (231.1)| 10.8 (274.3)| 6.4 (162.6) 2
8 200 160 8.625 (219.08)| 0.906 (23.01), 29 (73.7)| 9.9 (251.5)| 11.8 (299.7)| 7.0 (177.8) 2
10 250 std [10.750 (273.05)| 0.365 (9.27)| 2.4 (61.0)| 7.8 (198.1)| 8.7 (221.0)| 54 (137.2) 2
10 250 80 |10.750 (273.05)| 0.594 (15.09)| 2.6 (66.0)| 9.3 (236.2)| 10.3 (261.6)| 6.7 (170.2) 2
10 250 120 [10.750 (273.05)| 0.844 (21.44)| 2.8 (71.1)| 10.7 (271.8)| 11.9 (302.3)| 7.8 (198.1) 2
10 250 160 [10.750 (273.05)| 1.125 (28.58)| 3.1 (78.7)| 11.9 (302.3)| 13.5 (342.9)| 8.7 (221.0) 2
12 300 std [12.750 (323.85)| 0.375 (9.53)| 2.4 (61.0)| 84 (213.4)| 8.9 (226.1)| 6.0 (152.4) 2
12 300 80 |12.750 (323.85)| 0.688 (17.48)| 2.7 (68.6)| 10.6 (269.2)| 11.1 (281.9)| 7.9 (200.7) 2
12 300 120 [12.750 (323.85)| 1.000 (25.40)| 3.0 (76.2)| 123 (312.4)| 13.1 (332.7)| 9.3 (236.2) 2
12 300 160 [12.750 (323.85)| 1.312 (33.32)| 3.3 (83.8)| 13.6 (345.4)| 15.0 (381.0)| 10.3 (261.6) 2
14 350 std [14.000 (355.60)| 0.375 (9.53)| 2.4 (61.0)| 8.7 (221.0)| 8.9 (226.1)| 6.3 (160.0) 3
14 350 80 |14.000 (355.60)| 0.750 (19.05)| 2.8 (71.1)| 11.4 (289.6)| 11.6 (294.6)| 8.7 (221.0) 3
14 350 120 [14.000 (355.60)| 1.094 (27.79)| 3.1 (78.7)| 13.3 (337.8)| 13.9 (353.1)| 10.2 (259.1) 3
14 350 160 [14.000 (355.60)| 1.406 (35.71)| 3.4 (86.4)| 14.6 (370.8)| 15.8 (401.3)| 11.2 (284.5) 3
16 400 std [16.000 (406.40)| 0.375 (9.53)| 2.4 (61.0)| 9.7 (246.4)| 9.0 (228.6)| 6.8 (172.7) 3
16 400 80 [16.000 (406.40)| 0.844 (21.44)| 2.7 (68.6)| 12.7 (322.6)| 12.4 (315.0)| 9.8 (248.9) 3
16 400 120 [16.000 (406.40)| 1.219 (30.96)| 3.2 (81.3)| 147 (373.4)| 149 (378.5)| 11.5 (292.1) 3
16 400 160 [16.000 (406.40)| 1.594 (40.49)| 3.6 (91.4)| 164 (416.6)| 17.2 (436.9)| 12.8 (325.1) 3
18 450 std [ 18.000 (457.20)| 0.375 (9.53)| 2.4 (61.0)| 9.6 (243.8)| 9.0 (228.6)| 7.2 (182.9) 3
18 450 80 |18.000 (457.20)| 0.938 (23.83)| 3.0 (76.2)| 13.9 (353.1)| 13.2 (335.3)| 11.0 (279.4) 3
18 450 120 [18.000 (457.20)| 1.375 (34.93)| 3.5 (88.9)| 16.3 (414.0)| 16.2 (411.5)| 13.0 (330.2) 3
18 450 160 [18.000 (457.20)| 1.781 (45.24)| 4.0 (101.6)| 18.1 (459.7)| 18.7 (475.0)| 14.3 (363.2) 3
20 500 std  [20.000 (508.00)| 0.375 (9.53)| 1.1 (27.9)| 10.0 (254.0)| 9.1 (231.1)| 7.6 (193.0) 4
20 500 80 [20.000 (508.00)| 1.031 (26.19)| 3.1 (78.7)| 15.2 (386.1)| 14.0 (355.6)| 12.2 (309.9) 4
20 500 120 [20.000 (508.00)| 1.500 (38.10)| 4.5 (114.3)| 17.8 (452.1)| 17.3 (439.4)| 143 (363.2) 4
20 500 160 [20.000 (508.00)| 1.969 (50.01)| 5.9 (149.9)| 19.9 (505.5)| 20.2 (513.1)| 15.9 (403.9) 4

(Continued)
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AWS D10.10/D10.10M:1999 (R2009)

Table 4 (Continued)
Minimum Recommendations for Local 360-Degree Band PWHT of Girth Welds on Piping in
the Horizontal Position Based upon B31.3 Minimum PWHT Soak Band Requirements

Minimum Heated Band Width Minimum

ini ; i Minimum

. . . Piping Dimensions Minimum (Use Larger) GCB Width | Numbor

Nominal Pipe Diameter|  oyside Wall Soak Band Beyond HB | of Circ.

Size Sch. Diameter (OD) Thickness Width HB1 HB2 Width Control

(NPS) (DN) No. in. (mm) in. (mm) | in. (mm) | in. (mm) | in. (mm) | in. (mm) Zones
22 550 std  [22.000 (558.80)| 0.375 (9.53)| 2.4 (61.0)| 104 (264.2)| 9.1 (231.1)| 8.0 (203.2) 4
22 550 80 [22.000 (558.80)| 1.125 (28.58) 3.1 (78.7)| 16.5 (419.1)| 14.8 (375.9)| 13.3 (337.8) 4
22 550 120 [22.000 (558.80)| 1.625 (41.28)| 3.6 (91.4)| 19.2 (487.7)| 18.3 (464.8)| 15.6 (396.2) 4
22 550 160 [22.000 (558.80)| 2.125 (53.98)| 4.1 (104.1)| 21.5 (546.1)| 21.5 (546.1)| 17.4 (442.0) 4
24 600 std  [24.000 (609.60)| 0.375 (9.53)| 24 (61.0)| 10.7 (271.8)| 9.1 (231.1)| 84 (213.4) 4
24 600 80 [24.000 (609.60)| 1.218 (30.94)| 3.2 (81.3)| 17.7 (449.6)| 15.6 (396.2)| 14.5 (368.3) 4
24 600 120 [24.000 (609.60)| 1.812 (46.02)| 3.8 (96.5)| 21.0 (533.4)| 19.8 (502.9)| 17.2 (436.9) 4
24 600 160 [24.000 (609.60)| 2.344 (59.54)| 4.3 (109.2)| 23.4 (594.4)| 23.2 (589.3)| 19.0 (482.6) 4
26 650 10 [26.000 (660.40)| 0.312 (7.92)| 2.3 (58.4)| 10.3 (261.6)| 8.6 (2184)| 8.0 (203.2) 4
26 650 std [26.000 (660.40)| 0.375 (9.53)| 24 (61.0)| 11.1 (281.9)| 9.1 (231.1)| 8.7 (221.0) 4
26 650 20 |26.000 (660.40)| 0.500 (12.70)| 2.5 (63.5)| 12.5 (317.5)| 10.2 (259.1)| 10.0 (254.0) 4
28 700 10 |28.000 (711.20)| 0.312 (7.92)| 2.3 (58.4)| 10.6 (269.2)| 8.6 (218.4)| 8.3 (210.8) 4
28 700 std [28.000 (711.20)| 0.375 (9.53)| 2.4 (61.0)| 11.4 (289.6)| 9.2 (233.7)| 9.0 (228.6) 4
28 700 20 |28.000 (711.20)| 0.500 (12.70)| 2.5 (63.5)| 12.9 (327.7)| 10.2 (259.1)| 104 (264.2) 4
28 700 30 |28.000 (711.20)| 0.625 (15.88)| 2.6 (66.0)| 14.2 (360.7)| 11.2 (284.5)| 11.6 (294.6) 4
30 750 10 |{30.000 (762.00)| 0.312 (7.92)| 2.3 (58.4)| 10.9 (276.9)| 8.6 (218.4)| 8.6 (218.4) 4
30 750 std  [30.000 (762.00)| 0.375 (9.53)| 2.4 (61.0)| 11.7 (297.2)| 9.2 (233.7)| 9.4 (238.8) 4
30 750 20 |30.000 (762.00)| 0.500 (12.70)| 2.5 (63.5)| 13.3 (337.8)| 10.2 (259.1)| 10.8 (274.3) 4
30 750 30 |30.000 (762.00)| 0.625 (15.88)| 2.6 (66.0)| 14.6 (370.8)| 11.2 (284.5)| 12.0 (304.8) 4
32 800 10 |32.000 (812.80)| 0.312 (7.92)| 2.3 (58.4)| 11.2 (284.5)| 8.7 (221.0)| 8.8 (223.5) 5
32 800 std  [32.000 (812.80)| 0.375 (9.53)| 2.4 (61.0)| 12.1 (307.3)| 9.2 (233.7)| 9.7 (246.4) 5
32 800 20 |32.000 (812.80)| 0.500 (12.70)| 2.5 (63.5)| 13.6 (345.4)| 10.2 (259.1)| 11.1 (281.9) 5
32 800 30 |32.000 (812.80)| 0.625 (15.88)| 2.6 (66.0)| 15.0 (381.0)| 11.2 (284.5)| 12.4 (315.0) 5
34 850 10 [34.000 (863.60)| 0.312 (7.92)| 2.3 (58.4)| 114 (289.6)| 8.7 (221.0)| 9.1 (231.1) 5
34 850 std  [34.000 (863.60)| 0.375 (9.53)| 24 (61.0)| 124 (315.0)| 9.2 (233.7)| 10.0 (254.0) 5
34 850 20 |34.000 (863.60)| 0.500 (12.70)| 2.5 (63.5)| 14.0 (355.6)| 10.2 (259.1)| 11.5 (292.1) 5
34 850 30 |34.000 (863.60)| 0.625 (15.88)| 2.6 (66.0)| 154 (391.2)| 11.3 (287.0)| 12.8 (325.1) 5
36 900 10 [36.000 (914.40)| 0.312 (7.92)| 2.3 (58.4)| 11.7 (297.2)| 8.7 (221.0)| 9.4 (238.8) 5
36 900 std [36.000 (914.40)| 0.375 (9.53)| 24 (61.0)| 12.7 (322.6)| 9.2 (233.7)| 10.3 (261.6) 5
36 900 20 |36.000 (914.40)| 0.500 (12.70)| 2.5 (63.5)| 143 (363.2)| 10.3 (261.6)| 11.8 (299.7) 5
36 900 30 |36.000 (914.40)| 0.625 (15.88)| 2.6 (66.0)| 15.8 (401.3)| 11.3 (287.0)| 13.2 (335.3) 5

Notes:

. NPS = nominal pipe size, DN = diameter number, OD = outside diameter, t = wall thickness, R = inside radius, ID = inside diameter.

. The minimum PWHT soak band (SB) width for girth welds is defined as 3t.

. In all cases, the minimum heated band width shall be at least the minimum soak band width plus 2 in. (50.8 mm).

. Minimum heated band width HB1 = greater of SB + [4 X JRt ] or Note 3.

. Minimum heated band width HB2 = greater of 5 X [(OD?—ID?)/2 + (ID x SB)]/OD or Note 3 for piping size up to 6 NPS, where 1 circumferential
control zone is used. If two zones are used, the width in Note 6 could be used.

. Minimum heated band width HB2 = greater of 5 X [(OD?-ID?)/2 + (ID x SB)}/OD or Note 3 for piping size up to 6 NPS and with a minimum of 2
circumferential control zones.

7. The larger heated band is shown in bold.

8. Minimum gradient control band (GCB) width beyond heated band width = [4 X JRt ].

[ SOV S
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AWS D10.10/D10.10M:1999 (R2009)

Table 5
Minimum Recommendations for Local 360-Degree Band PWHT of Girth Welds on Piping in the
Horizontal Position Based upon ASME Section Il Minimum PWHT Soak Band Requirements

Minimum Heated Band Width Minimum

ini ; i Minimum

. . . Piping Dimensions Minimum (Use Larger) GCB Width | Numbor

Nominal Pipe Diameter|  oyside Wall Soak Band Beyond HB | of Circ.

Size Sch. Diameter (OD) Thickness Width HB1 HB2 Width Control

(NPS) (DN) No. in. (mm) in. (mm) | in. (mm) | in. (mm) | in. (mm) | in. (mm) Zones
2 50 std 2.375 (60.33)| 0.154 (391)| 0.5 (12.7)| 2.5 (635 3.5 (88.9) 1.6 (40.6) 1
2 50 80 2.375 (60.33)| 0.218 (5.54)| 0.7 (17.8)| 2.7 (68.6)| 4.6 (116.8)| 1.8 (457 1
4 100 std 4.500 (114.30)| 0.237 (6.02)| 0.7 (17.8)| 3.5 (88.9)| 54 (137.2)| 2.8 (71.1) 1
4 100 80 | 4.500 (114.30)| 0.337 (8.56)| 1.0 (254)| 42 (106.7)| 7.4 (188.0)| 3.2 (81.3) 1
4 100 120 | 4.500 (114.30)| 0.438 (11.13)| 1.3 (33.0)| 49 (124.5)| 9.2 (233.7)| 3.6 (914 1
4 100 160 | 4.500 (114.30)| 0.531 (13.49)| 1.6 (40.6)| 54 (137.2)| 10.8 (274.3)| 3.8 (96.5) 1
6 150 std 6.625 (168.28)| 0.280 (7.11)| 0.8 (20.3)| 4.5 (114.3)| 6.5 (165.1)| 3.7 (94.0) 1
6 150 80 6.625 (168.28)| 0.432 (10.97)| 1.3 (33.0)| 5.8 (147.3)| 9.7 (246.4)| 4.5 (114.3) 1
6 150 120 6.625 (168.28)| 0.562 (14.27)| 1.7 (43.2)| 6.7 (170.2)| 12.1 (307.3)| 5.0 (127.0) 1
6 150 160 6.625 (168.28)| 0.719 (18.26)| 2.2 (55.9)| 7.6 (193.0)| 149 (378.5)| 5.5 (139.7) 1

AHi=5)
' Hi = 3 i

8 200 std 8.625 (219.08)| 0.322 (8.18)| 1.0 (25.4)| 5.5 (139.7)| 4.5 (114.3)| 4.5 (114.3) 2
8 200 80 8.625 (219.08)| 0.500 (12.70)| 1.5 (38.1)| 7.0 (177.8)| 6.8 (172.7)| 5.5 (139.7) 2
8 200 120 8.625 (219.08)| 0.719 (18.26)| 2.2 (55.9)| 8.6 (2184)| 9.3 (236.2)| 6.4 (162.6) 2
8 200 160 8.625 (219.08)| 0.906 (23.01)| 2.7 (68.6)| 9.7 (246.4)| 11.3 (287.0)| 7.0 (177.8) 2
10 250 std [10.750 (273.05)| 0.365 (9.27)| 1.1 (27.9)| 6.5 (165.1)| 5.2 (132.1)| 54 (137.2) 2
10 250 80 |10.750 (273.05)| 0.594 (15.09)| 1.8 (45.7)| 8.5 (215.9)| 8.1 (205.7)| 6.7 (170.2) 2
10 250 120 [10.750 (273.05)| 0.844 (21.44)| 2.5 (63.5)| 104 (264.2)| 11.1 (281.9)| 7.8 (198.1) 2
10 250 160 [10.750 (273.05)| 1.125 (28.58)| 3.4 (86.4)| 12.1 (307.3)| 14.0 (355.6)| 8.7 (221.0) 2
12 300 std [12.750 (323.85)| 0.375 (9.53)| 0.1 25 7.1 (180.3)| 54 (137.2)| 6.0 (152.4) 2
12 300 80 |12.750 (323.85)| 0.688 (17.48)| 2.1 (53.3)| 10.0 (254.0)| 9.4 (238.8)| 7.9 (200.7) 2
12 300 120 [12.750 (323.85)| 1.000 (25.40)| 3.0 (76.2)| 123 (312.4)| 13.1 (332.7)| 9.3 (236.2) 2
12 300 160 [12.750 (323.85)| 1.312 (33.32)| 3.9 (99.1)| 142 (360.7)| 16.4 (416.6)| 10.3 (261.6) 2
14 350 std |[14.000 (355.60)| 0.375 (9.53)| 1.1 (27.9)| 74 (188.0)| 54 (137.2)| 6.3 (160.0) 3
14 350 80 |14.000 (355.60)| 0.750 (19.05)| 2.3 (58.4)| 10.9 (276.9)| 10.3 (261.6)| 8.7 (221.0) 3
14 350 120 [14.000 (355.60)| 1.094 (27.79)| 3.3 (83.8)| 13.4 (340.4)| 144 (365.8)| 10.2 (259.1) 3
14 350 160 [14.000 (355.60)| 1.406 (35.71)| 4.2 (106.7)| 154 (391.2)| 17.7 (449.6)| 11.2 (284.5) 3
16 400 std [16.000 (406.40)| 0.375 (9.53)| 1.1  (27.9)| 7.9 (200.7)| 54 (137.2)| 6.8 (172.7) 3
16 400 80 [16.000 (406.40)| 0.844 (21.44)| 2.5 (63.5)| 124 (315.0)| 11.6 (294.6)| 9.8 (248.9) 3
16 400 120 [16.000 (406.40)| 1.219 (30.96)| 3.7 (94.0)| 152 (386.1)| 16.1 (408.9)| 11.5 (292.1) 3
16 400 160 [16.000 (406.40)| 1.594 (40.49)| 4.8 (121.9)| 17.6 (447.0)| 20.1 (510.5)| 12.8 (325.1) 3
18 450 std |[18.000 (457.20)| 0.375 (9.53)| 1.1 (27.9) | 83 (210.8)| 54 (137.2)| 7.2 (182.9) 3
18 450 80 |18.000 (457.20)| 0.938 (23.83)| 2.8 (71.1) | 13.8 (350.5)| 12.9 (327.7)| 11.0 (279.4) 3
18 450 120 [18.000 (457.20)| 1.375 (34.93)| 4.1 (104.1)| 17.1 (434.3)| 18.1 (459.7)| 13.0 (330.2) 3
18 450 160 [18.000 (457.20)| 1.781 (45.24)| 5.3 (134.6)| 19.7 (500.4)| 22.5 (571.5)| 143 (363.2) 3
20 500 std  [20.000 (508.00)| 0.375 (9.53)| 1.1 (27.9) | 8.7 (221.0)| 5.5 (139.7)| 7.6 (193.0) 4
20 500 80 |20.000 (508.00)| 1.031 (26.19)| 3.1 (78.7) | 15.3 (388.6)| 14.2 (360.7)| 12.2 (309.9) 4
20 500 120 [20.000 (508.00)| 1.500 (38.10)| 4.5 (114.3)| 18.8 (477.5)| 19.8 (502.9)| 14.3 (363.2) 4
20 500 160 [20.000 (508.00)| 1.969 (50.01)| 5.9 (149.9)| 21.8 (553.7)| 24.9 (632.5)| 159 (403.9) 4

(Continued)

13
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Table 5 (Continued)
Minimum Recommendations for Local 360-Degree Band PWHT of Girth Welds on Piping in the
Horizontal Position Based upon ASME Section lll Minimum PWHT Soak Band Requirements

Minimum Heated Band Width Minimum
ipi i i Minimum

- . . Piping Dimensions Minimum (Use Larger) GCB Width Numbor

Nominal Pipe Diameter Outside Wall Soak Band Beyond HB | o Cire.

Size Sch. | Diameter (OD) Thickness Width HBI1 HB2 Width Control

(NPS) (DN) No. in. (mm) in. (mm) | in. (mm) | in. (mm) | in. (mm) | in. (mm) Zones
22 550 std 22.000 (558.80)| 0.375 (9.53)| 1.1 (279 | 91 (31.1)| 55 (139.7)| 8.0 (203.2) 4
22 550 80 [22.000 (558.80)| 1.125 (28.58)| 3.4 (86.4) | 16.7 (424.2)| 15.5 (393.7)| 13.3 (337.8) 4
22 550 120 [22.000 (558.80)| 1.625 (41.28)| 4.9 (124.5)| 20.5 (520.7)| 21.5 (546.1)| 15.6 (396.2) 4
22 550 160 [22.000 (558.80)| 2.125 (53.98)| 6.4 (162.6)| 23.7 (602.0)| 26.9 (683.3)| 17.4 (442.0) 4
24 600 std 124.000 (609.60)| 0.375 (9.53)| 1.1 (27.9)| 9.5 (241.3)| 55 (139.7)| 84 (213.4) 4
24 600 80 24.000 (609.60)| 1.218 (30.94)| 3.7 (94.0) | 18.1 (459.7)| 16.8 (426.7)| 14.5 (368.3) 4
24 600 120 [24.000 (609.60)| 1.812 (46.02)| 5.4 (137.2)| 22.6 (574.0)| 23.9 (607.1)| 17.2 (436.9) 4
24 600 160 [24.000 (609.60)| 2.344 (59.54)| 7.0 (177.8)| 26.1 (662.9)| 29.7 (754.4)| 19.0 (482.6) 4
26 650 10 [26.000 (660.40)| 0.312 (7.92)| 0.9 (22.9)| 89 (226.1)] 46 (116.8)| 8.0 (203.2) 4
26 650 std 126.000 (660.40)| 0.375 (9.53)| 1.1 (27.9)| 9.8 (248.9)| 5.5 (139.7)| 8.7 (221.0) 4
26 650 20 [26.000 (660.40)| 0.500 (12.70)| 1.5 (38.1) | 11.5 (292.1)| 7.3 (185.4)| 10.0 (254.0) 4
28 700 10 [28.000 (711.20)| 0.312 (7.92)| 0.9 (22.9) | 9.2 (233.7)| 4.6 (116.8)| 83 (210.8) 4
28 700 std [28.000 (711.20)| 0.375 (9.53)| 1.1 (27.9) | 10.2 (259.1)| 5.5 (139.7)| 9.0 (228.6) 4
28 700 20 [28.000 (711.20)| 0.500 (12.70)| 1.5 (38.1) | 11.9 (302.3)| 7.3 (1854)| 104 (264.2) 4
28 700 30 [28.000 (711.20)| 0.625 (15.88)| 1.9 (48.3) | 13.4 (340.4)| 9.0 (228.6)| 11.6 (294.6) 4
30 750 10 {30.000 (762.00)| 0.312 (7.92)| 0.9 (22.9) | 9.5 (241.3)| 4.6 (116.8)| 8.6 (218.4) 4
30 750 std  [30.000 (762.00)| 0.375 (9.53)| 1.1 (27.9) | 10.5 (266.7)| 5.5 (139.7)| 9.4 (238.8) 4
30 750 20 30.000 (762.00)| 0.500 (12.70)| 1.5 (38.1) | 12.3 (312.4)| 7.3 (1854)| 10.8 (274.3) 4
30 750 30 [30.000 (762.00)| 0.625 (15.88)| 1.9 (48.3) | 139 (353.1)| 9.1 (231.1)| 12.0 (304.8) 4
32 800 10 [32.000 (812.80)| 0.312 (7.92)| 0.9 (229)| 9.8 (248.9)| 46 (116.8)| 8.8 (223.5) 5
32 800 std  [32.000 (812.80)| 0.375 (9.53)| 1.1 (27.9) | 10.8 (274.3)| 5.5 (139.7)| 9.7 (246.4) 5
32 800 20 [32.000 (812.80)| 0.500 (12.70)| 1.5 (38.1) | 12.6 (320.0)| 7.3 (185.4)| 11.1 (281.9) 5
32 800 30 [32.000 (812.80)| 0.625 (15.88)| 1.9 (48.3) | 143 (363.2)| 9.1 (231.1)| 124 (315.0) 5
34 850 10 [34.000 (863.60)| 0.312 (7.92)| 0.9 (22.9) | 10.1 (256.5)| 4.6 (116.8)| 9.1 (231.1) 5
34 850 std |34.000 (863.60)| 0.375 (9.53)| 1.1 (27.9) | 11.1 (281.9)| 5.5 (139.7)| 10.0 (254.0) 5
34 850 20 |34.000 (863.60)| 0.500 (12.70)| 1.5 (38.1) | 13.0 (330.2)| 7.3 (1854)| 11.5 (292.1) 5
34 850 30 [34.000 (863.60)| 0.625 (15.88)| 1.9 (48.3) | 14.7 (373.4)| 9.1 (231.1)| 12.8 (325.1) 5
36 900 10 [36.000 (914.40)| 0.312 (7.92)| 0.9 (22.9) | 10.3 (261.6)| 4.6 (116.8)| 9.4 (238.8) 5
36 900 std 136.000 (914.40)| 0.375 (9.53)| 1.1 (27.9) | 11.4 (289.6)| 5.5 (139.7)| 10.3 (261.6) 5
36 900 20 [36.000 (914.40)| 0.500 (12.70)| 1.5 (38.1) | 13.3 (337.8)| 7.3 (1854)| 11.8 (299.7) 5
36 900 30 [36.000 (914.40)| 0.625 (15.88)| 1.9 (48.3) | 15.1 (383.5)| 9.1 (231.1)| 13.2 (335.3) 5

Notes:

. NPS = nominal pipe size, DN = diameter number, OD = outside diameter, t = wall thickness, R = inside radius, ID = inside diameter.

. The minimum PWHT soak band (SB) width for girth welds is defined as 3t.

. In all cases, the minimum heated band width shall be at least the minimum soak band width plus 2 in. (50.8 mm).

. Minimum heated band width HB1 = greater of SB + [4 X JRt ] or Note 3.

. Minimum heated band width HB2 = greater of 5 x [(OD?— ID?)/2 + (ID x SB)]/OD or Note 3 for piping size up to 6 NPS, where 1 circumferential
control zone is used. If two zones are used, the width in Note 6 could be used.

. Minimum heated band width HB2 = greater of 5 x [(OD?—ID?)/2 + (ID X SB)]/OD or Note 3 for piping size up to 6 NPS and with a minimum of 2
circumferential control zones.

7. The larger heated band is shown in bold.

8. Minimum gradient control band (GCB) width beyond heated band width = [4 x JR—t 1.

[N NI S

[=))
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lower temperatures, which are generally assumed to be
well less than 800°F (427°C), the heated band width for
bake-out, preheat/interpass heating, and postheating can
be based solely upon through-thickness temperature gra-
dient criteria. The ratio approach, with H; = 2 (based
upon less heat loss at the lower temperature), could be
used as discussed in Annex A. Minimum heated band
widths could therefore be calculated using Equation (2)
with H; = 2.

Use the greater of the minimum heated band width
shown below or that provided in the governing document
for bake-out, preheat/interpass heating, or postheating.

Minimum Recommended Heated Band Width
for Bake-Out, Preheat/Interpass Heating
and Postheating

Use HB2 calculated from Equation (2), with H; =2

An example of determining the minimum heated band
width for preheat/interpass heating is shown below. This
example assumes no insulation on the inner surface, that
the full cross sectional area is present on both sides (e.g.,
near completion of the weld), and that the heater is at
least 1 in. (25 mm) away from the edge of the weld prep-
aration to provide access for the welder.

Example Using Equation (2), with H; = 2,
to Determine Minimum Heated Band Width

Pipe dimensions: 12.75 in. (324 mm) outside diameter by
1 in. (25 mm) wall thickness

B31.3 preheat/interpass heating SB width: 1 in. (25 mm)
beyond the edge of the weld

Minimum recommended preheat/interpass heating heated
band width: 8.7 in. (221 mm)

6.3 Gradient Control Band. As the name implies, the
primary function of this band is to control the axial tem-
perature gradient. It also serves to minimize heat losses
in the heated band (heat source). The characteristics of
the insulation (both thickness and thermal properties) di-
rectly affect the power requirements of the heat source. A
detailed discussion of insulation characteristics is pro-
vided in Section 8. The width of the insulated area di-
rectly affects the axial temperature gradient. The cited
fabrication codes do not provide any guidance with re-
gard to the width.

6.3.1 Gradient Control Band Width for PWHT. In-
ternational pressure vessel codes generally recommend a
10/Rt PWHT gradient control band width centered on
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the weld. Accompanying this recommendation is the no-
tation that such a width will generally insure achieving
the maximum permissible axial temperature gradient
(i.e., one-half temperature drop to the edge of the heated
band). Common domestic industry practice for piping is
to use PWHT gradient control band widths between two
and three times that of the heated band, while interna-
tional practice is to use the 10./Rt width. Annex B pro-
vides a detailed discussion regarding considerations for
establishing the gradient control band width based upon
induced stress criteria. It concludes that a minimum
width of 2@ on either side of the heated band, as
shown in Equation (3), will reasonably limit the ther-
mally induced stress during PWHT.

Gradient control band width = HB + 4 ./Rt 3)

where:
HB = heated band width
R =inside radius
t = pipe wall thickness

The total gradient control band width depends upon
whether HB1 or HB2 is larger. For cases where HBI is
larger, the total gradient control band width equals the
width of the soak band plus 8 JRt. This width is similar
to that used by international codes and practices, except
it is ~1./Rt smaller depending upon the width of the
soak band. Any gradient control band width recommen-
dation also depends upon the characteristics of the insu-
lation. It is therefore further recommended that the
minimum thermal resistance, R-value, of the insulation
be 2°—4°F-ft?>-hr/Btu (0.35°-0.70°C-m%*W). R-value is
simply the inverse of the conductance of an insulating
layer (i.e., R-value = insulation thickness/k-value). Vari-
ous combinations of insulation types and thicknesses can
be used as required to achieve R-values within this rec-
ommended range.

Use the greater of the minimum gradient control band
width shown below or that provided in the governing
document for PWHT.

Minimum Recommended Gradient Control Band
Width and Insulation Characteristics for PWHT

Use Equation (3) to calculate the minimum width, with a
minimum R-value for the insulation of 2°—4°F-ft2-hr/Btu
(0.35°-0.70°C-m%*W)

Minimum recommended PWHT gradient control
band widths (beyond the heated band width) based upon
the above recommendations have been calculated using
Equation (3) for B31.1, B31.3, and ASME Section III
piping applications and are shown in Tables 3, 4, and 5
respectively.
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It is also important to note that if pipe wall thickness
changes, attachments are present within the gradient con-
trol band, or the pipe is being welded to flanges, valves,
etc., the use of supplemental heat source(s) within the
gradient control band may be required.

6.3.2 Gradient Control Band Width for Bake-out,
Preheat/Interpass Heating and Postheating. With the
lower temperatures associated with bake-out, preheat/
interpass heating, and postheating, the width of the gradient
control band is not critical. In fact, for preheat/ interpass
heating using electric resistance heaters, insulation is fre-
quently limited to covering just the heaters. The main
purpose of the insulation during preheat/interpass heat-
ing is to protect the welder.

Use the greater of the minimum gradient control band
width shown below or that provided in the governing
document for bake-out, preheat/interpass heating, or
postheating.

Minimum Recommended Gradient Control Band
Width and Insulation Characteristics for Bake-Out,
Preheat/Interpass Heating, and Postheating

3tor 3 in. (75 mm), whichever is greater, on either side of
the HB, where t = pipe wall thickness, with a minimum
R-value for the insulation of 2°~4°F-ft2-hr/Btu (0.35°—
0.70°C-m?/W)

6.4 Axial Temperature Gradient. The axial tempera-
ture distribution plays an important role in limiting in-
duced stresses during PWHT. Although it is the second
derivative of the axial temperature distribution (the rate
of change in the axial temperature gradient) which af-
fects induced stress, the axial temperature gradient is the
parameter which is generally specified. The axial tem-
perature gradient is not generally specified for bake-out,
preheat/interpass heating, or postheating because of the
lower temperatures associated with these processes.

6.4.1 Axial Temperature Gradient for PWHT.
Table 6 provides a comparison of the requirements for
controlling axial temperature gradients during PWHT in
the cited fabrication codes. Note that USA codes either
have no requirement or use the undefined terms “gradu-
ally diminishing” or “gradually diminished.” BS 2633
provides the most specific requirement. It requires that
material at a distance of 2.5JR—t on either side of the
weld centerline be at a temperature greater than one-half
of the heat treatment temperature (e.g., soak band tem-
perature). Such an approach is common in various inter-
national piping and pressure vessel codes. It should be
noted that a different minimum temperature results de-
pending on the temperature scale being used. Using the
Fahrenheit scale and an assumed soak band temperature
of 1100°F (593°C), the minimum temperature allowed at
the edge of the heated band would be 550°F (288°C).
Using the Celsius scale and an assumed soak band tem-
perature of 593°C (1100°F), the minimum temperature
allowed at the edge of the heated band would be 297°C
(567°F). Based upon the magnitude of the difference,
this is not expected to be significant.

The Dutch pressure vessel code (Reference 10) limits
the temperature drop at two locations: one-half the dis-
tance to the edge of the heated band and at the edge of
the heated band. The minimum temperature required at
one-half the distance to the edge of the heated band is
80%, while that at the edge of the heated band is 50%.
Such a requirement provides greater assurance of a uni-
form axial temperature gradient.

Annex B provides a detailed discussion regarding the
effect of controlling the axial temperature gradient in the
heated band by limiting the maximum temperature drop
at its edge. This discussion demonstrates that by limiting
the maximum temperature drop to one-half of the tem-
perature at the edge of the soak band, stresses are ade-
quately controlled within the soak band for some
common piping materials. The one-half temperature

Table 6
Comparison of PWHT Axial Temperature Gradient Control Requirements

Code Axial Temperature Gradient Control Requirement
B31.1 None specified
B31.3 Gradually diminishing beyond a band which includes the weldment

ASME Section 111, Subsection NB

The temperature of the component or item from the edge of the controlled band outward shall

be gradually diminished so as to avoid harmful thermal gradients

BS 2633

The temperature gradient shall be such that the length of the material on each side of the weld

at a temperature exceeding half the heat treatment temperature is at least 2.5 /Rt , where R is
the bore radius and t is the pipe thickness
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drop approach appears to be the most appropriate based
upon its:

(1) Ability to control induced stresses (as discussed in
Annex B),

(2) Widespread use in international practice,

(3) Ease of use, and

(4) Ability to account for varying pipe flexibility
(since the distance over which the drop may occur is based
upon a function of JR—t ).

In contrast, an approach based upon a fixed maximum
axial temperature gradient for all pipe diameter/thickness
combinations can be overly conservative in some cases
and non-conservative in others. The one-half temperature
drop approach also avoids a concern that may arise when
using a fixed maximum axial temperature gradient. In
such situations, the maximum gradient may be applied to
inappropriately short intervals of length and result in un-
necessary rejections.

Use the lesser of the maximum axial temperature gra-
dient shown below or that provided in the governing doc-
ument for PWHT.

Maximum Recommended Axial Temperature
Gradient for PWHT

The temperature at the edge of the heated band should be
no less than one half the temperature at the edge of the
soak band during heating, hold, and cooling

6.4.2 Axial Temperature Gradient for Bake-out,
Preheat/Interpass Heating and Postheating. Based
upon the lower temperatures normally associated with
bake-out, preheat/interpass heating, and postheating,
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control of the axial temperature gradient is not required.
This is due to the fact that at temperatures below 800°F
(427°C) the material retains a significant fraction of its
tensile properties and modulus of elasticity and that the
magnitude of thermal growth at these temperatures is
proportionally smaller. If temperatures are to be above
800°F (427°C), the maximum permissible axial tempera-
ture gradient recommended for PWHT should be used.

Use the lesser of the maximum axial temperature
gradient shown below or that provided in the governing
document for bake-out, preheat/interpass heating, or
postheating.

Maximum Recommended Axial Temperature
Gradient for Bake-Out, Preheat/Interpass
Heating, and Postheating

Not required unless soak band temperature is above
800°F (427°C), in which case use the recommendation
for PWHT

6.5 Summary of Recommendations for SB, HB, GCB,
and Axial Temperature Gradient. In all cases, the user
should follow the requirements provided in the govern-
ing document (applicable code or specification). In most
cases, especially for USA codes, specific requirements
are limited to the soak band width for PWHT. Additional
considerations and recommendations when concerns
exist regarding the service environment are discussed in
Section 13. Tables 7 and 8 provide summaries of the rec-
ommendations for each of the purposes for heating
(bake-out, preheat/interpass heating, postheating, and
PWHT). These tables can be used to either supplement

Table 7
Summary of Recommendations for the Soak Band

Use the greater of the requirements below or that provided in the governing document

Purpose for Heating

Minimum Soak Band (SB) Width?

Bake-out

6 in. (150 mm) or 3t, whichever is greater, in all directions from the point of welding

Preheat/Interpass Heating

3 in. (75 mm) or 1.5t, whichever is greater, in all directions from the point of welding

(Note: An alternate requirement may be specified by the applicable code)

Postheating

tor 2 in. (50 mm), whichever is less, on either side of the weld at its greatest width

PWHT

tor 2 in. (50 mm), whichever is less, on either side of the weld at its greatest width

(Note: This or an alternate requirement is generally specified by the applicable code)

2 t = pipe wall thickness



AWS D10.10/D10.10M:1999 (R2009)

Table 8
Summary of Recommendations for HB, GCB, and Axial Temperature Gradient

Use the greater/lesser of requirements below or that provided in the governing document

Minimum Heated Band

Minimum Gradient Control

Maximum Axial

Purpose for Heating (HB) Width? Band (GCB) Width®? Temperature Gradient
Bake-out oD% _1D? 3t or 3 in. (75 mm), whichever is  Not required unless temperature is
2[—2— +( ID)(SB)} greater, on either side of the HB  above 800°F (427°C); then use
oD PWHT criteria
Preheat/interpass heating OD?_ ID? 3tor 3 in. (75 mm), whicheveris  Not required unless temperature is
Z[T + (ID)(SB)} greater, on either side of the HB  above 800°F (427°C); then use
oD PWHT criteria
Postheating oD% — 1D 3tor 3 in. (75 mm), whicheveris  Not required unless temperature is
Z[T + (ID)(SB )} greater, on either side of the HB above 800°F (427°C); then use
oD PWHT criteria
PWHT®d Larger of: HB + 4 /Rt The maximum allowed tempera-
SB + 2 in. (50 mm) ture drop from the edge of the SB
or to the edge of the HB is one-half
2 2 the temperature at the edge of the
H{OD%ID+(ID)(SB)} SB
oD
or
SB + 4 /Rt

2NPS = nominal pipe size, DN = diameter number, OD = outside diameter, ID = inside diameter, SB = soak band width, t = pipe wall thickness,

R = inside radius.

b Thermal resistance (R-value) of insulation to be 2°—4°F-ft>-hr/Btu (0.35°-0.70°C-m%W).
¢ These recommendations are for “code required” PWHT. Additional requirements may be required when concerns exist regarding the service

environment.

dUse H; = 5 for piping in the horizontal position with pipe sizes up to 6 NPS (150 DN) and one circumferential control zone. If two circumferential
control zones are used with pipe sizes of 6 NPS (150 DN) and below, H; = 3 could be used for piping in the horizontal position. Use H; = 3 for piping
in the horizontal position with pipe sizes over 6 NPS (150 DN) with a minimum of two circumferential control zones and for all piping in the vertical

position.

existing requirements in the governing document or pro-
vide guidance where requirements are not present. Table
7 addresses the soak band, while Table 8 covers the
heated band, gradient control band and axial temperature
gradient. It should be noted that Tables 7 and 8 have
been designed to provide the user with all of the infor-
mation required to determine the minimum band
widths and maximum axial temperature gradient.

As a further aid to the user, Tables 3 through 5 provide
minimum recommended PWHT soak band, heated band
and gradient control band widths for common piping di-
mensions based upon B31.1, B31.3, and ASME Section
Il requirements respectively. Note that it is recom-
mended to use the larger of the two heated band widths
(larger of HB1 or HB2, indicated in bold) in Tables 3
through 5.
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In addition, specific examples of the minimum band
widths for local 360-degree band bake-out, preheat/inter-
pass heating, postheating, and PWHT based upon the
recommendations in Tables 7 and 8 are provided in Fig-
ures 2 through 5 respectively. The examples shown in
these figures are based upon heating a butt weld in a
12 NPS (300 DN), 1 in. (25 mm) wall thickness pipe. In
all cases, the soak band width is based upon the assump-
tion that the weld is 1t wide.

6.6 Recommended PWHT Practices. The following
section discusses recommended PWHT practices for butt
welds for piping in the horizontal and vertical positions;
pipe butt welds to heavier wall thickness components;
branch connections and other attachment welds to pipe;
intersections with branch connections, nozzles and at-
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GCB = 31.6 in. (803 mm)
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HB = 25.6 in. (650 mm) —— 3

A
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(25 mm)
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I
A\

/ \
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I
| WELD R =5.375 in.
(136.5 mm)
HEAT SOURCE
Notes:

1. SB, HB, and GCB widths shown are minimum recommended based upon Tables 7 and 8.

2. Width of SB based upon assumption that W = 1 in. (25 mm).

3. Assumes that hydrogen is to be removed from the weld and surrounding region at 600°F (316°C), therefore no axial temperature
gradient control is required.

Figure 2—Example of Parameters for Local 360-Degree Band Bake-Out
of a Butt Weld in a 12 NPS (300 DN), 1 in. (25 mm) Wall Thickness Pipe

\ 4

GCB = 21.5 in. (546 mm)

A

HB =15.5in. (394 mm) ——»
<—— SB=7in. (178 mm) —> / INSULATION

A

1in. (25 mm) —»

W

R = 5.375 in.
HEAT SOURCE (136.5 mm)

Notes:

1. SB, HB, and GCB widths shown are minimum recommended based upon Tables 7 and 8.

2. Width of SB based upon assumption that W = 1 in. (25 mm).

3. Assumes preheat/interpass heating at 175°F (79°C), therefore no axial temperature gradient control is required.

Figure 3—Example of Parameters for Local 360-Degree Band Preheat/Interpass Heating
of a Butt Weld in a 12 NPS (300 DN), 1 in. (25 mm) Wall Thickness Pipe
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Notes:

1. SB, HB, and GCB widths shown are minimum recommended based upon Tables 7 and 8.
2. Width of SB based upon assumption that W = 1 in. (25 mm).

3. Assumes that hydrogen is to be removed from the weld and surrounding region at 600°F (316°C), therefore no axial temperature gra-
dient control is required.

Figure 4—Example of Parameters for Local 360-Degree Band Postheating
a Butt Weld in a 12 NPS (300 DN), 1 in. (25 mm) Wall Thickness Pipe

< GCB =22.4 in. (569 mm) >
< HB = 13.1in. (333 mm) —— |
INSULATION
SB =3 in. (76 mm) —»
« W
— t=1in.
2o 90 o) oo oo oo o (25 mm)

\4

/ \
HAZ
I
I WELD R =5.375in.
(136.5 mm)
HEAT SOURCE
Notes:

1. SB, HB, and GCB widths shown are minimum recommended based upon Tables 7 and 8.

2. Width of SB based upon assumption that W = 1 in. (25 mm).

3. Assuming temperature at the edge of the SB = 1100°F (593°C), minimum temperature at the edge of the HB must be 550°F (288°C).
4

. H; = 3 was used based upon the assumption that the pipe was either in the horizontal position with a minimum of two zones of control
or in the vertical position.

Figure 5S—Example of Parameters for Local 360-Degree Band PWHT
of a Butt Weld in a 12 NPS (300 DN), 1 in. (25 mm) Wall Thickness Pipe
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tachments not requiring PWHT; and proximity of pipe-
to-nozzle welds to shell or head.

6.6.1 Butt Welds Joining Piping in the Horizontal
Position. Due to natural convection heat flow, the 12:00
position on a butt weld for horizontally oriented piping
can be considerably hotter than the 6:00 position. This
issue is discussed in a recent report (Reference 11) and
addressed in Annex A. For example, electric resistance
heating with a single zone of control on the outside sur-
face at the 12:00 position can result in the 6:00 position
being considerably cooler, especially on the inside sur-
face. As a result, inadequate tempering and/or stress re-
laxation could occur on the surface exposed to the service
environment.

Various approaches, including a combination of
several, can be used to address this issue. Approaches
include:

(1) Increase the number of circumferential control
zones as the piping diameter increases,

(2) Use a method for determining the minimum re-
quired heated band width which attempts to account for
the convection and other heat losses (e.g., HB2),

(3) Control the 12:00 position to the high side for the
allowable temperature range,

(4) Use additional outside insulation layers at the 6:00
position,

(5) Utilize an eccentric heater layout (wider heater at
the 6:00 versus 12:00 position), and

(6) Insulate the inner surface.

For all of these approaches, the temperature should be
controlled and/or monitored at both the 12:00 and 6:00
positions. This is especially important where techniques
such as the eccentric heater layout are used which could
cause over-compensation (i.e., overheating). When using
the eccentric heater layout approach, the effect upon in-
duced stress should also be evaluated.
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A commonly used approach is to increase the number
of control zones as piping diameter increases and when
possible insulate the inside surface. The recommenda-
tions shown in Table 9 regarding the number of control
zones are based upon published (Reference 11) and un-
published (Reference 12) data (relating to the number of
control zones). As stated above, it should be clearly rec-
ognized that several different approaches or a combina-
tion of approaches could be used to address this issue. As
a result, when employing a combination of several ap-
proaches, it may be possible to use a lower number of
control zones than shown in Table 9.

The recommendations regarding the heated band
width for PWHT in 6.2.1 account for the position of the
piping in the through-thickness temperature criterion,
HB2. For piping in the horizontal position, the recom-
mendation is to use H; = 5 with pipe sizes up to 6 NPS
(150 DN) and one circumferential control zone. If two
circumferential control zones are used with pipe sizes of
6 NPS (150 DN) and below, H; = 3 could be used. Use H;
= 3 for pipe sizes over 6 NPS (150 DN) with a minimum
of two circumferential control zones.

6.6.2 Butt Welds Joining Piping in the Vertical Po-
sition. Due to natural convection heat flow, the top side
of the heated band in vertical piping can be hotter than
the bottom side. Several approaches can be used to
address this issue. The recommendations regarding the
heated band width for PWHT in 6.2.1 account for the po-
sition of the piping in the through-thickness temperature
criterion, HB2. For piping in the vertical position, the
recommendation is to use H; = 3.

Other approaches include use of separate control
zones above and below the weld. For electric resistance
heating, the heated band (heaters) could be biased below
the weld to balance heat flow. One approach is to bias the
heated band such that approximately 60% of the heated

Table 9
Recommended Number of Control Zones and Thermocouple Locations
for PWHT of Piping in the Horizontal Position

Piping Size (NPS)

Recommended Number of Control Zones and Thermocouple Locations

Upto 6

One zone, with control thermocouple at 12:00

8 and up to 12

Two zones, with control thermocouples at 12:00 and 6:00

14 and up to 18

Three zones, with control thermocouples at 11:00, 1:00, and 6:00

20 and up to 30

Four zones, with control thermocouples at 12:00, 3:00, 6:00, and 9:00

Over 30

Number of control zones and associated thermocouples as required by circumferential spacing of heaters

Note: Control thermocouples should be placed at the location of highest expected temperature to help avoid exceeding the maximum allowed temperature.
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band area is below the weld. It has also been suggested
that a supplemental or so-called “blocking” heat source
could be used on the bottom side of the weld. Such an
approach is in effect a form of biasing the heated band.
Alternately, the insulation could be biased towards the
bottom side of the weld. The use of monitoring thermo-
couples, as discussed in 8.7, while not addressing the
control aspects of the issue can help verify that the re-
quired temperatures are achieved. For this situation, it
would certainly be desirable to use additional monitoring
thermocouples above and below the weld.

6.6.3 Butt Welds Joining Piping to Valves and
Flanges. During PWHT of butt welds between piping
and components such as valve bodies or heavy flanges,
uneven conductive heat loss (or so-called “heat sink ef-
fect”) can occur. As a result, it is desirable that separate
control zones are used on the thicker and thinner compo-
nents. Where it is not practical to adopt this method (typ-
ically with smaller pipe sizes) an optional method is to
bias the heating elements towards the heavier compo-
nent. Pipe-to-flange and pipe-to-valve welds may not
allow the heaters to be biased sufficiently towards the
heavier component, thereby creating a hot spot on the
thinner component. In instances where neither the heat-
ers can be biased, nor separate control zones used, nor
additional heat applied to the flange or valve, monitoring
thermocouples should be used to insure that the thinner
section is not overheated and that the heavier section
achieves the required temperature. This may require re-
ducing the volume of insulation used on the thinner section
heated band in order to achieve the desired temperature
profile across the soak band.

The ratio approach for determining the minimum
heated band width discussed in Annex A provides a tool
to calculate the degree of bias required toward the
heavier component. The cross sectional area heat loss
contribution in the denominator can be adjusted to ac-
count for thickness differences on each side of the weld.
Using this approach, heated band widths could be deter-
mined for each side of the weld centerline using Equa-

tion (4).
2 2
H, [O—-_-—D 4‘ID +(ID)(STBH
HB2(%2) = oD @
where:

H; = ratio of heat source area to heat loss area

OD= outside diameter (pipe or heavier wall component)
ID = inside diameter (pipe or heavier wall component)
SB = soak band width

The resultant HB2(Y2) heated band widths on each
side would have to be compared to one-half of the calcu-
lated HB1 heated band width using Equation (1). The
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larger of each HB2(Y2) or one-half HB1 should be used to
insure complying with the induced stress criteria.

The use of monitoring thermocouples was discussed
above with regard to a specific situation, e.g., the case
where heat flow compensation could not be used. How-
ever, it is generally very desirable to use additional
monitoring thermocouples to insure that the required
temperatures are achieved on both the thinner and
heavier wall thickness components.

6.6.4 Butt Welds Joining Branch Connections or
Attachments to Piping. For welds joining branch con-
nections or attachments to pipe, 360-degree band PWHT
practices, as illustrated in Figures 6 through 8, are rec-
ommended. Figure 6 has been adapted from the require-
ments in BS 2633 (Figure 5). Note that in Figures 7 and
8, depending upon the size of the nozzle or attachment,
the more desirable approach may be to include the entire
nozzle or attachment in the soak band.

For branch connections, it is likely that the heaters fitted
to the weld will not contour to the shape without leaving
larger than normal gaps between the heaters. In such in-
stances, it is good practice to attach additional monitoring
thermocouples in the expected cold spots created by these
gaps and heat the control thermocouples to the higher end
of the soak range such that the cold spots achieve the de-
sired temperature. It is good practice to use separate con-
trol zones on both the pipe and branch connections.

Where small branch connections, 1/2 to 1-1/2 in.
(12.7 to 38.1 mm) diameter, are welded to larger pipe
sections, it may be desirable to heat the entire region as
shown in Figure 6 using heaters with control thermocou-
ples on the larger pipe and monitoring thermocouples on
the smaller branch connection. The reasoning for this is
that the amount of energy required to heat the branch is
small in comparison with that required to heat the pipe.

6.6.5 Intersection With Branch Connections and
Attachments not Requiring PWHT. The soak band,
heated band, and/or gradient control band of welds
which require PWHT may intersect branch connections
or attachments which do not require PWHT. As a result,
there may be concerns with regard to distortion and/or
induced residual stress in the intersected nozzles, branch
connections or attachments. This is generally not a con-
cern at the lower temperatures normally associated with
bake-out, preheat/interpass heating, and postheating.

In order to avoid distortion and/or induced residual
stresses during PWHT, a good practice is to minimize the
temperature gradient across the components that are in-
tersected. This may require the application of a supple-
mentary heat source(s) to the branch connection or
attachment.

A safe practice is to maintain an approximately uni-
form temperature across these components. As a result,
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Nomenclature:
Wy, = Widest width of weld attaching the branch connection to the pipe.
SB = Soak band on pipe (width of the volume of the material where the holding temperature equals or exceeds the minimum

and equals or is below the maximum required. The minimum width is typically specified as W, plus a multiple of t on each
side of the weld attaching the branch connection).

SBy, = Soak band on branch connection. The minimum width is typically specified as a multiple of t, beyond the widest width of
the weld attaching the branch connection.

L, Ly = Minimum distance over which the temperature may drop to one half of that at the edge of the soak band.
HB, HB, = Heated band (width of heat source), shown as shaded area.

GCB, GCB,, = Gradient control band (minimum width of insulation and/or gradient heat source).

t, 1 = Nominal thickness of pipe or branch connection.

R, Ry = Inside radius of pipe or branch connection.

Figure 6—Local 360-Degree Band PWHT Practice
for Branch Connection to Pipe Attachment Weld
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Note: It is recommended that the entire nozzle be included in the soak band unless there are technical reasons to justify otherwise.

Nomenclature:

W,
SB

SB,

L, L,
HB, HB,
GCB, GCB,
t 1,

R, R,

Widest width of nozzle attachment weld.

Soak band on pipe (width of the volume of the material where the holding temperature equals or exceeds the minimum
and equals or is below the maximum required. The minimum width is typically specified as W,, plus a multiple of t on each
side of the weld attaching the nozzle to the pipe).

Soak band on nozzle. The minimum width is typically specified as a multiple of t, beyond the widest width of the weld
attaching the nozzle to the pipe.

Minimum distance over which the temperature may drop to one half of that at the edge of the soak band.

Heated band (width of heat source).

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

Nominal thickness of piping or nozzle neck.

Inside radius of piping or nozzle neck.

Figure 7—Local 360-Degree Band PWHT Practice for Nozzle to Pipe Attachment Weld
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Note: It is recommended that the entire attachment be included in the soak band unless there are technical reasons to justify otherwise.

Nomenclature:

W, Widest width of attachment weld.

A =

SB = Soak band on pipe (width of the volume of the material where the holding temperature equals or exceeds the minimum
and equals or is below the maximum required. The minimum width is typically specified as W, plus a multiple of t on each
side of the attachment weld).

SB, = Soak band on structural pad/clip attachment. The minimum width is typically specified as a multiple of t,.

L = Minimum distance over which the temperature may drop to one half of that at the edge of the soak band.

HB, HB, = Heated band (width of heat source).

GCB, GCB, = Gradient control band (minimum width of insulation and/or gradient heat source).

ity = Nominal thickness of piping or attachment.

R = Inside radius of piping.

Figure 8—Local 360-Degree Band PWHT Practice for Structural Pad/Clip Attachment Weld
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the soak band, heated band or gradient control band,
whichever intersects, should be extended in the axial di-
rection such that it ends beyond the weld on the opposite
side connecting the attachment or associated pad to the
shell. In addition, the minimum distance, L, over which
the temperature can drop to 50% of that at the edge of the
soak band, should be extended to beyond the region of
intersection. Figure 9 provides an example of such an ap-
proach when the heated band from a weld requiring
PWHT intersects a nozzle which does not require
PWHT. Note that the total distance over which the tem-
perature drops from that at the edge of the soak band to
50% (“A” plus “B”) is greater than or equal to L =
2.J/Rt. It should be noted that although the non-specific
term “approximately uniform” is used to describe the
temperature drop across the intersected component, over-
zealous inspection of this temperature drop is not in-
tended. The aim is to maintain an “approximately uni-
form” temperature across the intersected component.
However, in order to provide a measurable limit, a maxi-
mum temperature drop is recommended as stated below.

Maximum Recommended Temperature Gradient
Across Intersected Component

100°F (56°C) or that resulting from application of
the maximum permissible axial temperature gradient,

(50% temperature at the edge of soak band)

2./Rt '

whichever is less

It is also recognized that based upon experience or
analysis, larger temperature gradients across nozzles or
attachments may exhibit permissible levels of distortion
or residual stress.

6.6.6 Proximity of Pipe-to-Nozzle Welds to Shell or
Head. Local 360-degree band PWHT of pipe-to-nozzle
welds may result in heating the nozzle and/or surround-
ing shell or head section to temperatures such that con-
cerns arise with regard to distortion and induced stresses.
There is generally less concern regarding the proximity
of pipe-to-nozzle welds when the nozzles are attached to
piping. This is due to the thinner wall thickness and
smaller diameters, which result in greater flexibility. In
addition, there is generally not a concern at the lower
temperatures normally associated with bake-out, preheat/
interpass heating, and postheating.

7. Local Spot PWHT

Applications may arise where it is more practical to
apply local PWHT that does not consist of a 360-degree
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band. Such situations are more commonly associated with
pressure vessels. A typical situation involves attaching a
small diameter nozzle to a large diameter pressure vessel.
Because this generally involves heating a circular or
elliptical area, it is often referred to as local spot PWHT.

The following section provides a brief discussion
regarding the applicability of such PWHT practices. Be-
cause of the smaller diameters associated with piping,
local 360-degree band heating practices make the most
sense since they can more easily be designed to control
induced stress and do not impose significant economic or
implementation penalties. In addition, the costs associ-
ated with analysis/assessment to justify local spot PWHT
should be weighed against the cost of performing 360-
degree band heating.

7.1 Requirements in Fabrication and Repair Codes.
The cited fabrication codes do not provide an allowance
for local spot PWHT, nor do many pressure vessel codes.
One international pressure vessel code provides specific
requirements for PWHT of a local area around nozzles or
attachments on spheres or dished ends. The 1998 Edition
of ASME Section VIII (for pressure vessels) allows local
spot PWHT.

API 570 (paragraph 7.2.2.2) explicitly allows local
spot PWHT on piping provided that certain precautions
and requirements are applied. In general, these precau-
tions and requirements include:

(1) Review and development of a procedure by a pip-
ing engineer;

(2) Consideration of various factors such as expected
strains/distortion, material properties, thermal gradients,
etc.;

(3) Using a minimum preheat temperature of 300°F
(149°C);

(4) Soak band should extend at least 2t beyond the
weld;

(5) Monitoring by a suitable number of thermocouples;

(6) Supplementary heating of intersected branch con-
nections or attachments; and

(7) Not allowed if the objective is environmental
cracking resistance.

Although not explicitly stated in NBIC, alternative
methods of PWHT per section RC-1103 (which are as-
sumed to include local spot PWHT) may be used if ac-
ceptable to the Authorized Inspector.

7.2 Basis for Current Practices. Published work regard-
ing local spot PWHT appears to be limited to spherical
vessels or heads (Reference 13). Published and unpub-
lished work has generally utilized a circular or elliptical
heated band with radial sizing and temperature gradient
control based upon a function of JR—t . Furthermore, var-
ious unpublished work has concluded that the application
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Notes:

1. The nozzle attachment weld shown as “not requiring PWHT” does not imply that such a weld would not require PWHT. It simply
means that it does not require PWHT now. For example, it may have previously received PWHT.

2. The intent is to maintain an “approximately constant” temperature across the intersected component. However, a maximum tempera-
ture drop of 100°F (55°C) or that resulting from application of the maximum recommended axial temperature gradient, whichever is
less, is permitted.

Nomenclature:

SB = Soak band (width of the volume of the material where the holding temperature equals or exceeds the minimum and equals or is
below the maximum required. The minimum width is typically specified as a multiple of t on each side of the weld).

L Minimum distance over which the temperature may drop to one half of that at the edge of the soak band.

HB Heated band (width of heat source).

GCB= Gradient control band (minimum width of insulation and/or gradient heat source).

t Nominal thickness of pipe.

R Inside radius of pipe.

Figure 9—Example of One Approach When the Heated Band from a Weld
Requiring PWHT Intersects a Weld Not Requiring PWHT
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of such local spot PWHT on non-spherical surfaces gen-
erally has a greater likelihood to produce undesirable dis-
tortion and/or residual stress. Therefore, the application
of generalized rules for local spot PWHT of non-spheri-
cal surfaces has not been recommended. Instead, each
application involving local spot PWHT of a non-spheri-
cal surface should be evaluated on its own merit.

7.3 Experience or Analysis to Justify Use. The accept-
ability of local spot PWHT to non-spherical components
should be determined on a case-by-case basis. Generally,
such PWHT is not considered appropriate when ther-
mally induced stresses are a concern.

Documented experience of previously successful
local spot PWHT can be used for justification. Such doc-
umented experience should involve sufficiently similar
components (configuration, geometry and dimensions)
and service conditions in order to judge the applicability.
Citing previous successful local spot PWHT experience
in which the dimensions and configuration of the compo-
nents were identical, but had different service conditions
(such as the new application involving stress corrosion
cracking, while the previous did not), is generally not
recommended.

The approach outlined in API 570 provides a frame-
work for performing an evaluation. It is recommended
that such an evaluation be documented in writing and in-
clude consideration of all of the precautions and require-
ments of API 570. The evaluation should include the
effect of all significant or major structural discontinuities
(such as nozzles, attachments, and branch connections)
and any mechanical loads, which may be present during
PWHT within the gradient control band.

8. Measurement of Temperature

It is necessary to measure temperature during heating
operations and frequently required to produce a continu-
ous permanent record of the temperature during the heat-
ing cycle. Temperature-indicating crayons and paints,
thermocouples, resistance temperature detectors (RTDs),
infrared instruments, bi-metallic switches, expansion
bulbs, or other temperature sensitive devices may be se-
lected to measure the temperature, depending upon the ap-
plication and required accuracy. Although temperature can
be measured using these various methods, temperature-
indicating crayons/paints and thermocouples are most
common for local heating.

8.1 Temperature-Indicating Crayons and Paints.
Temperature-indicating crayons and paints are of compo-
sitions that melt when the temperature exceeds the value
for which they were designed. If a crayon or paint mark
melts, the temperature is above that for which the crayon
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or paint is rated, but one does not know by how much,
unless several with different melting points are placed in
close proximity. Some types of crayons or paint may not
be able to indicate that this temperature is being main-
tained. By using crayons or paints with appropriate melt-
ing temperatures, one can determine that the temperature
is above the one that melts and lower than the one that
does not melt. The surface of the work should be accessi-
ble for the use of these materials. As a result, this gener-
ally limits the applicability to preheat/interpass heating.

While it is possible to use such a manual approach if
proper attention is exercised, it should be recognized that
the likelihood of measurement lapses and associated
temperature excursions is greatly increased compared
with methods that utilize automatic measurement and
control. In addition, the use of temperature indicating
crayons or paint does not enable production of a continu-
ous permanent record of temperature during the heating
cycle. Therefore, the use of temperature indicating cray-
ons or paint should only be considered for preheat/inter-
pass heating.

Temperature indicating crayons or paint offer the ad-
vantages of low cost and simplicity and are suitable for
most preheat/interpass heating. The use of thermocou-
ples is recommended for bake-out, postheating and
PWHT.

8.2 Selection of Thermocouples. A thermocouple con-
sists of a dissimilar wire pair in electrical contact with
each other on a hot surface (hot junction) while the other
end of the pair is in contact with a cold surface (cold or
reference junction). A voltage difference between the
two junctions is created with one wire serving as a posi-
tive electrical lead, and the other as the negative lead.
The voltage difference is proportional to the differences
in temperature. Therefore, a properly calibrated instru-
ment connected to the cold junction to measure the volt-
age difference can translate voltages into temperature
readings at the hot junction. However, each combination
of wires requires a separate calibration and an instrument
configured for that combination.

A more complete discussion of thermocouples and
their use is given in ASTM manual MNL 12 (Reference
14) and ANSI standard MC96.1 (Reference 15). Of the
seven combinations of thermocouple wire classified and
discussed in these documents, three are commonly se-
lected for local heating operations. Their classification,
nominal composition, upper temperature limits, and color
coding are shown in Table 10. The letter designation ap-
plies only to the temperature-voltage relationship and not
to the material. This is done to eliminate the use of pro-
prietary names. When selecting a thermocouple type, it is
important to insure both its appropriateness for the in-
tended service (e.g., temperature) and that the tempera-



AWS D10.10/D10.10M:1999 (R2009)

Table 10
Thermocouple Data
Normal Upper
Type Nominal Composition Temperature Limit Positive Color Negative Color
J Iron—Constantan 1400°F (760°C) White Red
E Chromel-Constantan 1600°F (870°C) Purple Red
K Chromel-Alumel 2300°F (1260°C) Yellow Red

Note: To facilitate correct polarity termination in the USA, the color red is used for the covering on the negative side of both thermocouples and exten-
sion leads, regardless of the thermocouple type. It should be noted that other countries may use a different color convention. However, the negative lead

is always magnetic.

ture control and recording instruments are configured to
accommodate it.

Thermocouple wires are available in different gauges.
Due to the lower thermal mass of the junction and leads,
thinner wire can have a faster response in some appli-
cations. In selecting a wire gauge, one should consider
the response time as well as the durability, loop resis-
tance of the circuit, chemical corrosion, radiation effects,
and stability. Larger diameter wires exhibit better long
term stability at high temperatures. Further discussion of
thermocouple materials can be found in the ASM Hand-
book (Reference 16). The size of wire commonly used in
local heating (with attachment by capacitor discharge
welding) is #20 American Wire Gage (AWG), which has
a diameter of 0.032 in. (0.81 mm).

The wires should be electrically insulated from each
other and from any other conductor, such as the metal
being heated, except at the hot junction. Wire pairs with
high temperature insulation, sheathed thermocouple as-
semblies, ceramic beads, or similar systems accomplish
such separation. It is important that the thermocouple, in-
sulation material and construction withstand the temper-
atures and environments to which they will be exposed.

8.3 Installation of Thermocouples. Any controlling or
recording instrument reads the temperature at the junc-
tion (short or point of electrical contact) between the
thermocouple wires closest to the instrument. Therefore,
the wires should “touch each other” or be in electrical
contact only where the temperature is to be measured. At
all other locations, electrically insulate wires from each
other and from the pipe being heated. If these wires are
not insulated, electrical shock or short circuit can result.
Therefore, if bare thermocouple wire is twisted together,
the temperature being measured will be that at the closest
twist to the instrument instead of the surface where the
thermocouple wires were attached.
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In order to make the hot junction have the same tem-
perature as the surface whose temperature is being mea-
sured, this requires that:

(1) The hot junction is thermally insulated from exter-
nal radiant heat (this may require application of insulat-
ing putty);

(2) The thermocouple wire be kept under insulation
for approximately 6 in. (150 mm) to prevent heat con-
duction along the wire (the effect is expected to be minor
for thin gauge wire); and

(3) The hot junction be in intimate contact with the
surface whose temperature is being measured.

Note that significant errors can be caused if the junc-
tion is not in contact with the surface or the wires are in
electrical contact outside the hot junction (such as results
from twisting bare wire together away from the junction).

Several of the issues discussed above depend upon the
type of thermocouple and attachment method. For exam-
ple, the use of putty may not be necessary for thermocou-
ples attached by capacitor discharge welding. If these
thermocouples are prepared by “pushing back” the insu-
lation instead of stripping it, the insulation can be moved
back to cover the bare wire after installation and thereby
mitigate the effect of the heat source on the thermocou-
ple. In general, it is reported (Reference 11) that capaci-
tor discharge welded thermocouples with or without the
use of ceramic putty provide accurate temperature mea-
surement at the junction. However, for heavier thermo-
couple wire (sheathed, etc.) not directly attached to the
surface, the use of putty may be needed to reduce the ef-
fect of radiant heating and thereby improve the accuracy
of the temperature readings.

Several methods may be used to attach the thermocou-
ple to the surface and form the junction; each having ad-
vantages and disadvantages. The nature of local heating
is such that the thermocouple is generally between the
work piece and the heat source. The recommended ther-
mocouple attachment method for use with such heating is
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to attach each wire separately to the surface of the work
piece by capacitor discharge welding, with the wires in
close proximity (~1/4 in. [6 mm]) to each other. Figure
10 provides a schematic depiction of the equipment used
to directly attach thermocouples by capacitor discharge
welding. A recommended procedure for attachment by
capacitor discharge welding is provided in Annex C.

ASTM Manual MNL 12 specifically recognizes the
directly attached, separated junction method (paragraph
9.2.2 Installation Methods). Figure 11 is an adaptation of
a figure from the ASTM manual, which depicts this at-
tachment method. The directly attached, separated junc-
tion method is characterized in the ASTM manual
(Reference 14) as follows:

(1) A series of two junctions;

(2) Has the advantage that the junctions form a part of
the surface;

(3) Measures a weighted mean of the two individual
junction temperatures; and

(4) Attach the two wires as close together as possible
to minimize error from temperature differences.

The ASTM manual (Reference 14) further states that
“This type of junction has been shown to be more accu-
rate than a bead junction.” A bead junction typically in-
volves joining (by welding) the two ends of the wire to
form a bead.

When using mechanically attached thermocouples
(such as sheathed, twisted wire end, welded end, with or
without insulation), the measurement accuracy depends
on heat transfer from the work piece to the bead junction.

CAPACITOR DISCHARGE
WELDING
POWER SUPPLY WORKPIECE LEAD
MAGNET

© © ©
© @

For such mechanically attached thermocouples, the tem-
perature at the junction may not represent the tempera-
ture of the metal surface due to the configuration of the
attachment and the proximity of the heat source. With
thermocouples directly attached by capacitor discharge
welding, the hot junction is integral to the work piece,
and as such, heat transfer is generally not a concern.
Temperatures of mechanically attached thermocouples
have been reported (Reference 19) to be ~130°F (72°C)
greater than those of capacitor discharge welded thermo-
couples reading 1292°F (700°C). Another source reports
(Reference 11) that “stainless steel sheathed thermocou-
ples secured to the pipe wall with a welded clip consis-
tently reported temperature values 30°—40°F (16°-22°C)
above the temperature reported by thermocouple junc-
tions welded to the pipe wall by capacitance discharge.”
The data reported (Reference 11) for these stainless steel
sheathed thermocouples were taken during PWHT in the
temperature range of 1100°—1200°F (593°-649°C).

Fabrication codes such as B31.1 (paragraph 127.4.9),
B31.3 (paragraph 330.1.3) and ASME Section III (para-
graph 4311.2) provide a special allowance for attachment
of thermocouples by low energy (usually limited to
125 W-sec [joule]) capacitor discharge welding without
requiring a welding procedure or a welder performance
qualification.

After capacitor discharge welding, the thermocouple
welds should be carefully inspected for proper attach-
ment before covering with insulation or application of
heat. Slight pulling on the attached thermocouple wires

APPLICATION PLIERS

/ TWISTED T/C WIRE

Figure 10—Schematic Representation of Equipment Used to Directly
Attach Thermocouples by Capacitor Discharge Welding
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(Adapted from ASTM Manual MNL 12, Figure 9.3)

Note: The maximum recommended spacing between measuring junctions 1 and 2 is 1/4 in. (6 mm).

Figure 11—Schematic Representation of the Direct Attachment,
Separated Junction Method for Thermocouple Attachment

is an effective way to insure that they are secure. In addi-
tion, it is also good practice to secure the thermocouple
to the work piece so as to minimize stress on the point of
thermocouple attachment (hot junction).

Installation of a spare thermocouple at each location
offers a means to address thermocouple failures, which
may occur during the heating cycle. Therefore, installa-
tion of a spare thermocouple is strongly recom-
mended. This is especially important for PWHT where
the higher temperatures preclude access during heating.
Duplex thermocouple/extension wire is available and can
be used such that two thermocouples are installed at each
location and connections brought back to the control/re-
cording equipment. While only one would be connected
at any given time, the spare will be readily available in
case of a problem.

8.4 Location of Thermocouples. Regardless of other
considerations, the ability of thermocouples or any other
method to adequately reflect temperature is dependent
upon measurement at appropriate locations. There are
two purposes for locating thermocouples: control or
monitoring.

8.4.1 Control Thermocouples. The location of con-
trol thermocouples should be based upon the nature of
the heat source, location(s) of heat source(s), and the
component being heated. In general, control thermocou-
ples should be located at the point of highest expected
temperature for the zone. Specific recommendations
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were made in 5.6 with regard to the need for additional
control thermocouples (control zones) to effectively deal
with issues such as thickness differences. The objective
of control thermocouples is to assure that appropriate
heat is supplied to regions (control zones) to achieve the
temperatures required in these regions. For example, for
a circumferential band of electric resistance heaters cen-
tered on the weld, control thermocouples would most
likely be placed along the centerline of the weld, in the
middle of the center heater of the control zone.

8.4.2 Monitoring Thermocouples. Monitoring ther-
mocouples should be placed to insure that all of the pa-
rameters specified to control the local heating operation
are being achieved. In addition, they should be placed to
measure the maximum and minimum anticipated metal
temperatures. To achieve this, thermocouples should be
placed at the centerline of the weld, the edge of the soak
band and at the edge of the heated band (heat source).
Additionally and if accessibility permits, it is always
good practice to locate thermocouples on the surface op-
posite to that of the heat source (i.e., inside surface of
the pipe) for one sided heating, to insure that the required
temperatures are achieved throughout the thickness. Ad-
ditional thermocouples should be used whenever differ-
ences in thickness or component geometry occur. The
use of monitoring thermocouples represents a cost-
effective means to assure that specified parameters for
local heating are achieved. Therefore, the use of more
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than the recommended minimum number of moni-
toring thermocouples should be considered, especially
when dissimilar heat sinks are present.

B31.1, B31.3, and ASME Section III do not provide
any specific guidance with regard to the placement of
thermocouples or other measuring devices. For PWHT,
BS 2633 requires that thermocouples be placed so as to
assure that a band at least 1.5t wide on each side of the
weld is at the soak temperature.

It is recommended that monitoring thermocouples be
placed around planes located as described in Table 11. If
additional control of the axial temperature gradient is re-
quired, two additional planes of thermocouples could be
located midway between the edges of the soak and
heated bands. The number of thermocouples in each
plane would depend upon the specific component size,
configuration and geometry.

8.4.3 Examples of Thermocouple Locations. Fig-
ures have been used to provide examples of the recom-
mended thermocouple locations for common local 360-
degree band PWHT applications. In some instances, both
monitoring and control thermocouples have been shown.
Figures 12 through 14 provide recommended monitoring
and control thermocouple locations for PWHT of butt
welds in horizontally oriented piping with 1, 2, and 4
zones of control. Figure 15 provides recommended mon-
itoring thermocouple locations for PWHT of a weld at-
taching a branch connection to pipe (as shown in Figure
6), but can also be used for nozzle and attachment welds
as shown in Figures 7 and 8.

The location of monitoring thermocouples for 360-
degree band bake-out, preheat/interpass heating, and
postheating would be the same as for PWHT (Table 11),
with one exception. Thermocouples would generally not
be required at the edge of the heated band since the axial
temperature gradient is not monitored at the lower tem-

peratures normally associated with these processes. As
discussed above, the number and location of control ther-
mocouples would be dependent upon the number of con-
trol zones and heating method.

Control and monitoring thermocouple locations for
local spot PWHT would have to be based upon the spe-
cific temperature gradient and other requirements identi-
fied in the written procedure, as justified by analysis or
experience.

8.5 Thermocouple Extension Wires. Usually, the tem-
perature controlling or recording instrument is farther
from the heated area than the length of the thermocouple,
requiring a thermocouple extension wire to connect the
thermocouple and the instrument. Thermocouple exten-
sion wires are either of the same composition as the ther-
mocouples (sensor grade) or designed to be compatible
with the thermocouple system (extension grade). Exten-
sion grade wire differs from sensor grade wire in that ex-
tension grade accuracy (compared to National Institute
of Standards and Technology [NIST] standards) is within
acceptable limits only at low temperatures (32°-390°F
[0°-199°C]) (Reference 23). In the ANSI designation
system, thermocouple extension wires have the letter
“X” included in their designation. For example, thermo-
couple Type K (chromel-alumel) uses thermocouple ex-
tension Type KX. The plug and socket connectors used
for thermocouple wire to extension wire, extension wire
to extension wire, and extension wire to measuring in-
strument connections is typically constructed using ex-
tension grade material.

In designing the extension cable system, the engineer
should select an extension cable wire gauge that will min-
imize the loop resistance for a given length of wire. A
typical rule of thumb is not to exceed 600 ft (182.9 m) of
20 gauge type K extension wire. For further discussion of
this issue, refer to Annex C or manufacturer’s literature

Table 11
Recommended Locations of Monitoring Thermocouples for Local 360-Degree Band PWHT

Location?

Purpose

Centerline of weld
for such an occurrence

Insure that the maximum temperature is not exceeded since this represents a likely location

Edge of the soak band

Determine if the minimum temperatures have been achieved throughout the soak band

Edge of the heated band
has been exceeded

Determine if the maximum allowed temperature drop (maximum axial temperature gradient)

2 Thermocouples should be placed around planes at these locations. The number of thermocouples in each plane would depend upon the specific

component size, configuration and geometry.
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WELD

DENOTES MONITORING THERMOCOUPLE LOCATION
ON OUTER SURFACE

DENOTES CONTROL THERMOCOUPLE LOCATION
ON OUTER SURFACE

PLANE A
EDGE OF HEATED BAND

PLANE B
EDGE OF SOAK BAND

PLANE C
WELD CENTERLINE

PLANE D PLANE E
EDGE OF SOAK BAND EDGE OF HEATED BAND

Figure 12—Minimum Number of Thermocouples (Monitoring and Control)
Recommended for Local 360-Degree Band PWHT of a Butt Weld
for Piping in the Horizontal Position with Pipe Size up to
6 NPS (150 DN) and One Control Zone
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WELD

DENOTES MONITORING THERMOCOUPLE LOCATION
ON OUTER SURFACE

DENOTES CONTROL THERMOCOUPLE LOCATION
ON OUTER SURFACE

PLANE A
EDGE OF HEATED BAND

PLANE B
EDGE OF SOAK BAND

PLANE C
WELD CENTERLINE

PLANE D PLANE E
EDGE OF SOAK BAND EDGE OF HEATED BAND

Figure 13—Minimum Number of Thermocouples (Monitoring and Control)
Recommended for Local 360-Degree Band PWHT of a Butt Weld
for Piping in the Horizontal Position with Pipe Sizes of 8 and
up to 12 NPS (200 to 300 DN) and Two Control Zones
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WELD

DENOTES MONITORING THERMOCOUPLE LOCATION
ON OUTER SURFACE

DENOTES CONTROL THERMOCOUPLE LOCATION
ON OUTER SURFACE

PLANE A
EDGE OF HEATED BAND

PLANE B
EDGE OF SOAK BAND

PLANE C
WELD CENTERLINE

PLANE D PLANE E
EDGE OF SOAK BAND EDGE OF HEATED BAND

Figure 14—Minimum Number of Thermocouples (Monitoring and Control)
Recommended for Local 360-Degree Band PWHT of a Butt Weld
for Piping in the Horizontal Position with Pipe Sizes of 20 and
up to 30 NPS (500 to 750 DN) and Four Control Zones
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WELD

DENOTES MONITORING THERMOCOUPLE LOCATION
ON OUTER SURFACE

PLANES A & F
EDGE OF HEATED BAND

SECTION C-C

LOCATED ON
WELD (TYP)

PLANE B
EDGE OF SOAK BAND

PLANE E
EDGE OF SOAK BAND

Ln
SBp
\ %% |
\I A / II

SECTION D-D

Figure 15—Minimum Number of Monitoring Thermocouples
Recommended for a Branch, Nozzle, or Attachment When
Heating in Accordance with Figures 6, 7, or 8

(Reference 17). Because of the low voltage generated by
the thermocouple, typically millivolts, the extension
cable should not be run with power cables such as 480
volt alternating current (mains) that could induce noise.

To maintain the correct temperature-voltage relation-
ship, thermocouple extension wires should be protected
from mechanical damage, moisture, and excessive heat.
Care should also be taken to prevent short radius bends,
cold working, and excessive flexing.

Both the positive and negative leads should be ex-
posed to the same thermal conditions, and thus should be
paired at all times. Furthermore, to reduce the effects of
signal noise, the pair should be twisted at a minimum of
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6 twists per foot (305 m). A shield system with an inte-
gral drain wire is also recommended. The drain system
should only be grounded at one location to prevent
ground loops (Reference 18).

8.5.1 Polarity Reversal. Care should be exercised to
prevent a polarity reversal. The most likely situation for a
polarity reversal occurs when thermocouple or extension
wire is being terminated to a connector. Care should be
taken to terminate the positive side of the thermocouple
wire to the positive side of the connector and the negative
to the negative (and likewise for extension wire termi-
nation). To facilitate correct polarity termination in the



USA, the color red is used for the covering on the nega-
tive side of both thermocouples and extension leads, re-
gardless of the thermocouple type. It should be noted that
other countries may use a different color convention.
However, the negative lead is always magnetic. To mini-
mize the likelihood of polarity reversals different diame-
ter plugs and sockets are used on the negative and
positive of the connector, with the negative having the
larger diameter. Convention is for the red lead to be
terminated to the larger diameter plug or socket.
When checking for polarity reversal, use the mnemonic
device BIG-RED-NEGATIVE as a guide. It should be
noted that the plugs and sockets on the connector are not
color coded. Generally, a thermocouple plug and socket
connection can only be made with the incorrect polarity
if excessive force is used, thereby providing an indication
of a polarity reversal. It is also important to check for po-
larity reversal during setup, prior to the start of the heat-
ing cycle. In the Standard Procedure for Local
Heating provided in Annex F, step F8 specifically re-
quires a check for polarity reversal. Such a check would
typically involve energizing the circuit (e.g., powering
the heaters and control/monitoring instruments) and ob-
serving whether a downscale reading (negative) occurs
when the temperature should be increasing. It should
also be noted that a downscale response from a control
instrument will cause the heaters to be energized. There-
fore, failure to find and correct a polarity reversal prior to
the start of the heating cycle could result in excessive
heating rates and over-temperature conditions during the
heating cycle.

8.5.2 Double Polarity Reversal. A double polarity
reversal is more difficult to identify. A double reversal
consists of polarity reversals at two separate locations
such that one reversal counteracts or restores the incor-
rect polarity caused by the other. While the measuring in-
strument sees the correct polarity (and does not provide
a downscale response), the section of the extension wire
between the reversals does not have the same resistance
as the adjacent wire. The effect of a double reversal on
the measured temperature depends upon the length of
wire present between the locations of the individual po-
larity reversals. This is because as the length increases,
the contribution from the section of wire with different
resistance has a greater effect. Therefore, it may be diffi-
cult to detect a double polarity reversal by observing the
temperature controlling or recording instruments.

It is important to check for double polarity reversal
during setup, prior to the start of the heating cycle. In the
Standard Procedure for Local Heating provided in
Annex F, step F8 specifically requires a check for double
polarity reversal. Such a check would typically involve
visual inspection of terminations and plug to socket me-
chanical connections. While it may be possible to de-
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tect a double reversal by visual inspection, prevention
by careful attention during terminations and me-
chanical connection of plugs and sockets is more
desirable.

8.6 Temperature Control and Recording Instruments.
The voltages produced by the thermocouples are sent to
two types of instruments:

(1) Temperature controllers, which have been pro-
grammed to turn on and shut off the heat source at a
specific temperature or follow a specific heating rate,
holding temperature and time, and cooling rate, and

(2) Recorders, which document the thermocouple
temperature at specific times during the heating cycle.

It is recommended that temperature control and record-
ing instruments be operated in an upscale burnout mode
such that they read maximum scale in the event of a break
(at the junction, in the thermocouple or extension wire, or
at the plug/socket connections). Such an upscale response
to a break prevents the heater from being energized.

Instrumentation incorporating an isolated input design
should be used to avoid erroneous readings when utiliz-
ing multiple grounded thermocouples. An instrument
without isolated inputs will cause an “averaging” effect
among the thermocouple inputs as well as a slower re-
sponse time to reach a full burn-out condition due to an
open circuit junction.

In addition to strip chart type recorders, data acquisi-
tion systems enable capture of data on electronic media.

8.6.1 Potentiometers. Temperature control and re-
cording instruments generally contain a potentiometer.
The potentiometer balances the voltage it receives from
the thermocouple system against a standard voltage
within the instrument. This standard voltage is obtained
from either a standard cell or a regulated constant voltage
power supply. In the case of a portable instrument, there
is a standard cell and a battery. The battery is calibrated
against the standard cell and then used to determine tem-
peratures. Such calibration should be performed not only
when the instrument is first used, but also at regular in-
tervals. See 15.6 regarding control of inspection, measur-
ing and test equipment.

Stray alternating current, especially high frequency
currents, can cause errors. AC rejection filters in the
input circuit of the instrument can reduce these errors.

Galvanometer instruments are also still in use. These
instruments need to be connected to an external fixed re-
sistance loop. Therefore, extension leads should be of
sufficient length to compensate for the resistance loop.

8.7 Accuracy of Thermocouple Temperature Mea-
surements. A number of factors determine the overall
accuracy of a thermocouple temperature measuring sys-
tem. They include sensor, system connections, and in-
strumentation error contributions. A detailed discussion
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of these factors is provided in Annex D. When using a
type K thermocouple attached by capacitor discharge
welding, the overall accuracy of the system (including
sensor, system connections, and instrument error con-
tributions) is estimated to be +5°F (+2.78°C) if proper
calibration and installation techniques are used. This
correlates well with recently reported work in which
the accuracy was reported to be +4.5°F (£2.5°C) (see
Reference 11).

Use of thermocouple/extension wires and recorders
with traceability to national standards, such as those
maintained by the NIST, provides a recognized means to
document, for quality assurance and other purposes, vari-
ous heating cycles. Quality assurance issues are dis-
cussed further in Section 14.

9. Insulation

One aspect of local heating shared by all methods dis-
cussed in this publication is that of heat loss to the cooler,
adjacent environment. Heat is lost by:

(1) Conduction through the heated structure itself,

(2) Radiation from the inner surface,

(3) Natural convection from the inner surface,

(4) Convection from the inner surface via moving air
within the piping (chimney effect), and

(5) Conduction, radiation and convection from the
outer surface of the pipe through the insulation to the sur-
rounding air.

Conduction heat losses through the structure are pri-
marily addressed by the use of supplemental heat sources
and to a lesser extent by insulation. Heat losses from ra-
diation and natural convection from the inner surface are
addressed by controlling the size of both the heated band
and gradient control band and, if possible, use of internal
insulation. Heat losses due to the chimney effect are best
addressed by closing off the ends of the piping as dis-
cussed in 9.3. Insulation is generally utilized to minimize
heat losses from the outside surface to the surrounding
air and to minimize axial temperature gradients. When-
ever possible, insulation should be placed on the inner
surface of the pipe to reduce the through-thickness tem-
perature gradient which results from radiation and con-
vection heat losses from the inner surface.

9.1 Classification of Insulation. Fibrous insulation,
such as commonly used for local heating, is generally
classified by attributes which include fiber type, con-
struction, and density. Physical properties of insulation
such as thermal conductivity and maximum usage tem-
perature are dependent upon these attributes. Therefore,
specification of insulation requirements to control heat
loss should include fiber type, construction, density and
thickness. As previously discussed in 5.3, specifying in-
sulation based upon the thermal resistance (R-value) is a
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convenient method to indicate thermal performance
independent of thickness and conductivity. Recall that
recommendations for the gradient control band width
were based upon R-values of 2°—4°F-ft>-hr/Btu (0.35°—
0.70°C-m%*W). Therefore, when using these gradient
control band width recommendations, insulation with
R-values within the suggested range should be used.

The North American Insulation Manufacturers Asso-
ciation (NAIMA), formerly the Thermal Insulation Man-
ufacturers Association (TIMA), has issued a publication
(Reference 20) which provides standard nomenclature
for describing/classifying man-made vitreous fibers.

9.1.1 Man-Made Vitreous Fibers. The first level in
NAIMA'’s classification system differentiates between
man-made and natural fibers. For example, asbestos is
classified as a natural, inorganic, crystalline fiber. Man-
made, inorganic, nonmetallic, vitreous fibers are the type
commonly used today for insulation. These are generally
referred to as man-made vitreous fibers (MMVF). The
term vitreous is important because it indicates that the
fibers are amorphous or exist in a glassy, non-crystalline
state. This characteristic is important and will be discussed
further.

MMVF can be further subdivided based upon the
fiber manufacturing method. Fiber manufacturing pro-
cesses can be classified as continuous or discontinuous.
As the name implies, the continuous drawing process
produces continuous filament fibers. Various discontinu-
ous processes such as rotary, blowing, wheel centrifuge,
spinning, etc., are used to produce fiber segments. The
term wool is often used to describe fibers manufactured
by one of the discontinuous processes.

Historically, continuous filament fibers have been
used for textile applications, while the wool fibers have
been used for insulation. However, in recent years, the
availability of insulation made from continuous filament
fibers has increased. One significant aspect of the contin-
uous process is that greater control of fiber diameter can
be achieved. The significance of this will be discussed
further.

The final characteristic of fibers is their composition.
Insulation fibers are typically silicates, i.e., the principal
constituent is silicon dioxide (SiO,) with varying
amounts of other oxides. Variation of the composition
has a significant effect upon the properties of the fibers.

In summary, the fibrous insulation materials com-
monly used today for local heating are usually silicate
MM VF produced by continuous or discontinuous manu-
facturing processes.

9.2 Health and Safety Issues Regarding Fiber Re-
spirability. Health and safety issues regarding insulation
have become very significant in recent years. Specifi-
cally, the type of fiber, its size characteristics, concentra-



tion of fibers and phase changes to crystalline form are
important with regard to these health and safety issues.
Three issues appear to be important with regard to selec-
tion of insulation. These include: thermal characteristics
such as conductivity and maximum use temperature;
health and safety characteristics relating to respirability;
and cost. As a result of health and safety concerns associ-
ated with asbestos, the issue of respirability (ability to
enter the lower lungs) has become very significant.
Usage of insulation that contains respirable fibers can re-
sult in the need to use special personnel protection equip-
ment such as respirators, and to follow special handling
and disposal requirements. As a result, additional costs
can be incurred when utilizing insulation with respirable
fibers.

It is beyond the scope of this document to discuss the
biological effects of fibers once they enter the lungs.
However, it is appropriate to discuss issues relating to the
size of fibers in context with respirability. Because the
definition of a respirable fiber varies between various
governing organizations, specific requirements will not
be discussed other than to indicate that diameter, aspect
ratio (length/diameter) and overall length are considered.

One of the more important characteristics affecting
the respirability of MMVF is the amorphous state. As a
result of existing in the amorphous state, MM VF exhibit
conchoidal fracture properties in which they fracture
across the diameter and do not split longitudinally. This
means that the diameters during usage generally remain
the same as when manufactured, unless the transforma-
tion temperature from amorphous to crystalline has been
exceeded. Manufacturers should be consulted for recom-
mendations regarding the maximum usage temperature
to avoid this transformation.

Crystalline fibers such as asbestos can fracture longi-
tudinally and, as a result, adversely change their diameter
and aspect ratio. MMVF continuous filament fibers can
be produced with diameters well in excess of that consid-
ered respirable. Control of the manufacturing process is
such that even when considering variation, fiber diame-
ters can be larger than those defined to be respirable.
Therefore, by limiting the usage temperature (below
transformation), MMVF continuous filament fibers can
remain non-respirable during usage.

MMVF produced by discontinuous manufacturing
processes have a wide range of diameters. Typically, a
significant portion of the sizes present are considered re-
spirable. Although these fibers are also amorphous, with
manufactured diameters expected to remain stable during
usage below the transformation temperature, this does
not mitigate the presence of respirable fibers.

Manufacturers should be consulted for specific in-
formation regarding the size of fibers in their prod-
ucts, the relationship between concentration of fibers
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and health effects, safe usage temperatures and rec-
ommendations regarding personnel protection equip-
ment, handling and disposal.

9.3 Types of Insulation. Insulation materials commonly
used in local heating include: glass wool, mineral wool,
refractory ceramic fiber (RCF), and, recently, continuous
filament fiber. Asbestos is no longer used or recom-
mended. Table 12 provides a summary of the important
characteristics of these materials. A detailed discussion
regarding the four types of insulation is presented in
Annex E.

RCF insulation with a density of 6-8 lbs/ft> (96.1—
128.1 kg/m?) is commonly used. A 1 in. (25 mm) layer is
generally used for temperatures up to 1200°F (649°C),
while a 2 in. (50 mm) layer is used for temperatures
above 1200°F (649°C). The R-values for these two thick-
nesses are within the range of 2°—4°F-ft>-hr/Btu (0.35°-
0.70°C-m?/W). Therefore, when using these thicknesses
with the recommended gradient control band widths,
axial temperature gradients are expected to be within the
maximum permissible.

9.4 Attachment of Insulation. Ideally, insulation pieces
should be cut so that the ends butt against themselves
when the piece(s) are wrapped around the pipe. No gaps
should be permitted in the insulation layer and any inad-
vertent gaps should be filled with insulation. Such
wrapped insulation is commonly held in place with band-
ing or tie wire. Other attachment techniques such as insu-
lation pins, which are capacitor discharge welded to the
pipe, and magnetic clamping may be used depending
upon the circumstances. For magnetic clamping, the tem-
perature at the location of the magnet should be well
below the Curie temperature, which is approximately
1418°F (770°C). This is the temperature at which ferro-
magnetism is lost and the magnets cease to hold. Gener-
ally, magnetic clamping is only used for preheat/interpass
heating. When multiple layers of insulation are used,
seams should be staggered to minimize the possibility of
gaps.

As discussed in 5.3 and 5.4, the insulation should nor-
mally extend well beyond the edge of the heated band to
diminish heat losses and assure that the permissible max-
imum axial temperature gradient from heated to un-
heated sections is not exceeded.

10. Other Considerations

Additional issues to consider when performing local
heating of pipe include structural integrity, the presence
of internal liquids, internal convection, and thermal
expansion.
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Table 12
Comparison of the Characteristics? of Commonly Used Insulation Materials
Maximum Crystalline
Usage Transformation Thermal Relative

Insulation Type Potential for Respirable Fibers Temperature Temperature Conductivity Cost
Glass Wool Present due to manufacturing process and 840°F Above >Mineral wool Low cost

if transformation to crystalline state with (450°C) maximum usage and RCF outer layer

subsequent fracture into smaller size. temperature

Loss of binder facilitates fibers becoming

airborne.
Rock and Slag Present due to manufacturing process and 1200°F 1337°-1517°F <Glass wool; Lowest
(Mineral) Wool if transformation to crystalline state with (650°C) (725°-825°C) >RCF

subsequent fracture into smaller size.

Loss of binder facilitates fibers becoming

airborne.
Refractory Present due to manufacturing process and 2000°F 1832°F <Glass wool; >Glass or
Ceramic Fiber if transformation to crystalline state with (1093°C) (1000°C) <mineral wool mineral wool
(RCF) subsequent fracture into smaller size.
Continuous Manufacturing process allows production 2012°F® 1832°F Depends upon  Expensive;
Filament Fiber of non-respirable fibers. Respirable fibers (1100°C) (1000°C) composition  multiple use

can be present if transformation to crystal- important

line state with subsequent fracture into
smaller size.

2 As reported in Reference 20.
b Assumes high purity silica.

10.1 Structural Integrity. Structural integrity is gener-
ally a concern only at the higher temperatures associated
with PWHT. There are two issues that should be consid-
ered when performing a structural integrity evaluation to
determine the acceptability of a proposed PWHT for pip-
ing. Both are a direct result of the reduction in yield
strength that occurs during PWHT. These include:

(1) Does the piping have sufficient strength at temper-
ature to be self-supporting?

(2) Will the piping experience an unacceptable per-
manent distortion?

The stresses caused by the loads acting on the piping
during PWHT should be compared to its strength at
PWHT temperature. The source of the loads to be con-
sidered can be classified as resulting from either dead
weight or external forces. The primary concern during
the performance of PWHT is whether or not the piping
will be self-supporting while at elevated temperature.
Dead weight is normally the source of the load that
should be considered. Unacceptable permanent wrinkles
or sag and, in rare cases, collapse can occur as a result of
dead weight loads. Piping components that are not self-

40

supporting will require temporary external supports dur-
ing PWHT. On large diameter piping, internal spiders
may also be required.

External forces are generally addressed by unbolting
flanged connections to prevent moment or piping system
loading, insuring that supports are free to slide and move
with the piping, and accommodating thermal growth as
discussed in 10.4. When it is not possible to address such
external forces by eliminating them, their contribution to
the stresses acting on the piping must also be considered
and compared to the strength of the pipe at PWHT
temperature.

10.2 Internal Liquids. The presence of liquids, even in
small amounts, can prevent the soak band from reaching
the desired temperature. A telltale indicator of water
being present in piping is the temperature holding at
212°F (100°C) during the heating portion of the cycle. If
combustible liquids or residues are present, fire and/or
explosion may result. It is therefore necessary to remove
internal liquids and prevent the flow of liquids inside the
pipe while it is being heated. However, adequate venting



should be used to assure that there is no pressure build-
up within the pipe. All venting should be damped to pre-
vent air from flowing through the pipe, causing undesir-
able heat losses.

10.3 Internal Convection. Natural convection can cause
circulating air flow within otherwise sealed off sections
of piping. It must therefore be recognized that closing
valves, blinding flanges and other techniques to seal off a
section of piping will not prevent this form of natural
convection. The resulting circulating air flow can cause
undesirable heat transfer on the inside surface of the
pipe. For pipe in the horizontal position, this can result in
significant temperature differences between the 12:00
outside surface and 6:00 inside surface positions as dis-
cussed in Annex A. Such losses are best addressed by in-
ternal insulation (if possible) and adequate heated band
and gradient control band widths.

Natural drafts can occur when the flow of air is possi-
ble through parts of a piping system that are not sealed
off. This is often referred to as the chimney effect. Such
flow can result in considerable convection losses on the
inside surface of the pipe. It is therefore desirable to close
valves and manways, blind flanges, erect bulkheads, and
use other means to prevent such air circulation.

10.4 Thermal Expansion. Large thermal stresses can be
developed during PWHT if adequate provisions to permit
thermal growth are not made. Typically this requires that
connecting piping be unbolted at their flanges and that
the piping supports be permitted to slide and move with
the piping as it grows.

Depending upon the service temperature, piping is
normally designed to accommodate some degree of ther-
mal expansion. However, it is desirable to verify whether
the pipe will be able to accommodate the expansion asso-
ciated with the local heating cycle. To the extent possi-
ble, the pipe should be free to expand in all directions
(axially, radially, and circumferentially). Piping supports
should be free to expand. It may be necessary to release
or modify such existing supports to accommodate expan-
sion. An example of the amount of growth due to thermal
expansion is provided below.

Example of Growth When Heating
from 70°-1100°F (21°-593°C)

Carbon or low alloy steel pipe

Diameter = 24 in. (610 mm)

Heated band width = 24 in. (610 mm)

Growth in diameter = approximately 0.2 in. (5 mm)
Growth in length = approximately 0.2 in. (5 mm) plus
contribution from gradient region
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11. Thermal Cycle

It is important to control four aspects of the thermal
cycle associated with heating operations (both furnace
and local). These include temperature uniformity, the
heating rate above a specified temperature, the specified
hold temperature and time, and the cooling rate above a
specified temperature.

Temperature uniformity is the aspect of the thermal
cycle that has received the least amount of treatment by
the cited fabrication codes. Concern with regard to tem-
perature uniformity is generally aimed at only PWHT be-
cause of the lower temperatures associated with bake-
out, preheat/interpass heating, and postheating. ASME
Section III is the only cited code that provides specific
requirements regarding temperature uniformity during
PWHT.

Control of heating and cooling rates is typically asso-
ciated only with PWHT, since the temperatures for bake-
out, preheat/interpass heating and postheating are fre-
quently below the specified temperature which triggers
control requirements. B31.1 requires heating and cooling
rate control above 600°F (316°C), B31.3 does not control
heating and cooling rates, ASME Section III requires
control above 800°F (427°C), and BS 2633 requires con-
trol above 400°C (752°F).

The cited fabrication codes limit heating and cooling
rates during PWHT to restrict stresses produced by non-
uniform expansion or contraction. The temperature gradi-
ent through the wall of the pipe is a source of stress. As
thickness increases, the gradient will increase for a given
heat input. Therefore, limits upon rates of heating and
cooling are frequently specified as a function of thickness.

The effects and benefits produced during bake-out,
postheating, and PWHT are time-temperature dependent.
However, temperature is the more important variable.
Unless code requirements limit the selection of tempera-
ture, it is more desirable to select a temperature such that
the targeted effects are produced in reasonably short time
periods (as opposed to selection of longer times at lower
temperatures). This helps to limit the variability of the
outcome. Further discussion of the issues associated with
the use of longer PWHT times at lower temperatures can
be found in 11.3. The effects and benefits from preheat-
ing/interpass heating while deriving some benefit from
time, are primarily dependent upon temperature.

11.1 Temperature Uniformity. Requirements regard-
ing temperature uniformity are generally specified sepa-
rately for the heating/cooling and hold portions of the
PWHT cycle. ASME Section III limits temperature vari-
ation during heating and cooling to not more than 250°F
(138.9°C) within any 15 ft (4.6 m) interval of weld length.
This limit generally acts as a circumferential temperature
gradient due to the fact that it is most often applied to
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heating of circumferential butt welds. The requirement in
B31.3 which states “The heating method shall provide
the required metal temperature, metal temperature uni-
formity,...” does not provide useful guidance. Generally,
the required uniformity during the hold period amounts
to staying within the bounds of the maximum and mini-
mum temperature requirements specified by the codes.

Concerns about temperature uniformity during
PWHT are related to the resulting stresses and possible
distortion or cracking which could occur as discussed in
11.2 and 11.4. Use the lesser of the maximum tempera-
ture differences shown below or that provided in the gov-
erning document for PWHT.

Maximum Recommended Temperature
Differences for PWHT

During heating and cooling, the maximum temperature
difference within the heated band should be 250°F
(139°C) or as limited by the maximum axial temperature
gradient

During hold, the maximum temperature difference
within the soak band should be 100°F (55°C) or the al-
lowed temperature range, whichever is less

During hold, the maximum temperature difference
around any circumferential plane within that portion of
the heated band outside of the soak band should be
100°F (55°C)

11.2 Heating Rate. The rate of heating during PWHT
can affect the temperature difference between the outside

and inside surfaces. With an external heat source, the ex-
istence of a through-thickness temperature gradient pro-
duces hoop stresses, with the outer fibers in compression
and the inner fibers in tension, as the outer layers attempt
to expand but are restrained by the cooler material below.
The stresses are proportional to the temperature differ-
ence between the outside and inside surfaces. As the
heating rate increases, the temperature difference in-
creases. However, if an acceptable level of distortion
and/or no cracking results, high rates of heating may be
tolerable since associated residual stresses are relaxed
during the hold period.

Table 13 compares the maximum allowed rates of
heating during PWHT for B31.1, B31.3, ASME Sections
I and BS 2633. Maximum heating rates of 400°-
600°F/hr (222°-333°C/hr) are allowed by these codes.
Recently reported (Reference 11) work has concluded that
heating rates of 800°F/hr (444°C/hr) divided by the thick-
ness in inches can be safely applied as long as the heated
band width is large enough (i.e., based upon H; > 2.5). For
the lesser of temperatures above 800°F (427°C) or that
specified in the governing document, use of the lesser of
the maximum heating rate shown below or that provided
in the governing document for PWHT is recommended.

Maximum Recommended Heating Rate for PWHT

800°F/hr (444°C/hr) divided by the thickness in inches,
provided that the recommended heated band width in
Section 5 is used and experience or analysis demonstrate
that the resulting distortion or levels of residual stress are
acceptable for the service environment

Table 13
Comparison of Maximum Rates of Heating and Cooling During PWHT

Fabrication Code Maximum Rate of Heating

Maximum Rate of Cooling

B31.1 600°F/hr (333°C/hr) divided by %2 the maximum 600°F/hr (333°C/hr) divided by %2 the maximum
thickness in inches at the weld above 600°F (316°C);  thickness in inches at the weld above 600°F (316°C);
600°F/hr (333°C/hr) maximum 600°F/hr (333°C/hr) maximum,; further restrictions for

specific materials

B31.3 None specified None specified

ASME Section III, 400°F/hr (222°C/hr) divided by the thickness in 400°F/hr (222°C/hr) divided by the thickness in inches

Subsection NB inches above 800°F (427°C); 100°F/hr (55°C/hr) above 800°F (427°C); 100°F/hr (55°C/hr) minimum;
minimum; 400°F/hr (222°C/hr) maximum. 400°F/hr (222°C/hr) maximum; further restrictions for

specific materials.

BS 2633 Depending upon the material, diameter and thickness, Depending upon the material, diameter and thickness,

rates can vary from 6250°C/hr (11 250°F/hr) divided
by the thickness in mm to 220°C/hr (396°F/hr) above
400°C (752°F)

rates can vary from 50°C/hr (90°F/hr) to 275°C/hr
(495°F/hr) above 400°C (752°F)
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11.3 Hold Temperature and Time. Achievement of
specific hold temperatures and times must occur to meet
the objectives of the heating operations described in this
document. However, the heating portion of the PWHT
cycle can also make a contribution to the hold period, es-
pecially at slow rates of heating.

The cited fabrication codes do not provide any guid-
ance with regard to bake-out and minimal guidance with
regard to postheating. Minimum preheat/interpass tem-
peratures are provided as a function of material type and
thickness for the cited fabrication codes.

PWHT hold temperature and time requirements are
based upon material type and thickness. For certain ma-
terial types, BS 2633 provides different temperature ranges
for optimization of creep properties versus tempering to
soften.

The concept of hold time as a function of thickness is
directly applicable for both bake-out and postheating.
This is due to the fact that thickness determines the diffu-
sion path. The desired effects of PWHT (tempering and
stress relaxation) are a function of both time and tem-
perature, with temperature being the more important
variable. For PWHT, hold time as a function of thickness
is primarily relevant to insure that the full thickness
achieves the minimum required temperature. While it is
recognized (Reference 21) that thickness and the overall
structure may influence stress relaxation due to con-
straint effects, the primary consideration for associating
PWHT hold time with thickness is to insure achievement
of the minimum temperature through the wall thickness.

It is recognized that for certain materials, prolonged
time at PWHT temperature can reduce tensile and yield
strength and increase the fracture transition temperature.
ASME Section III requires that test coupons be heat
treated such that the total time at temperature is 80% of
the total time at temperature during all actual heat treat-
ment cycles. When determining the total expected time,
manufacturers attempt to account for that normally asso-
ciated with manufacturing, repairs during manufacturing,
and an allowance for repairs and/or modifications after
the piping is in service.

In addition to total time at a single temperature, it may
also be necessary to account for multiple PWHT cycles
at different temperatures. It also may be desirable to ac-
count for the effects of the heating and cooling portions
of the PWHT cycle, especially for slow heating rates. An
approach, based upon the Larson-Miller parameter, for
determining a single test specimen PWHT cycle equiva-
lent to several at different temperatures is reported (Ref-
erence 22).

As a result of concerns about deterioration of prop-
erties, various situations may arise when it would be
desirable to shorten the PWHT hold time. For example,
unexpected repairs during manufacturing and/or service
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may cause the total time at PWHT temperature to en-
croach upon the time which has been demonstrated
(through test coupons) to provide acceptable properties.
Justification for using shorter hold times may be desir-
able in such situations. Accounting for the effect of slow
rates of heating and/or recognizing that the desired bene-
fits are achieved in a short time once the minimum tem-
perature is achieved throughout the thickness could be
used for justification.

B31.1 and ASME Section III allow longer times at
lower temperatures for PWHT of certain materials, while
B31.3 and BS 2633 do not. Concern has been expressed
because the allowed lower temperatures and longer times
do not appear equivalent based upon the Larson-Miller
relationship described above. The appropriateness of
using longer times at lower temperature should always be
assessed based upon the objectives for PWHT and the
service environment.

Whenever hardness reduction is targeted, for example
due to the service environment, care should be exercised
when using the PWHT time-temperature ranges provided
in the fabrication codes. For example, it may be neces-
sary to use the upper end, and in some cases, exceed the
temperature range provided in a fabrication code, in order
to reduce hardness below a maximum target level. This is
discussed further in 12.3.

11.4 Cooling Rate. Stresses induced during heating are
likely relaxed during the hold period, while those in-
duced during cooling tend to remain. As a result, there is
generally more concern regarding the effect of the cool-
ing rate. Residual stresses are generated as a result of
temperature differences (resulting from fast cooling) which
are sufficient to induce thermal stresses in excess of the
yield strength. As temperature decreases, the yield strength
of the material increases and, as a result, the material can
accommodate faster rates of cooling. This is the basis for
fabrication codes establishing temperatures below which
cooling rate control is not required. Depending upon the
code, temperatures in the range of 600°-800°F (316°-
427°C) are generally considered sufficiently low enough
to avoid inducing residual stress as a result of fast cool-
ing rates. The technical basis for the specific code max-
imum cooling rates and temperatures below which
controls are not required is not known. It is most likely
that they were established based upon successful past
experience.

The cooling rate may also affect mechanical proper-
ties such as impact toughness and corrosion resistance.
For subcritical PWHT, cooling rate can affect the final
hardness due to the contribution of equivalent hold time.
However, cooling rate is the least effective parameter to
adjust in order to accomplish this aim.

In some instances, procedures have specified slower
cooling rates because of a desire to insure greater
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hardness reduction. The most effective method to ac-
complish greater hardness reduction is to increase the
hold temperature. Increasing the hold time has less of an
effect and can be accomplished in three ways. The most
desirable and controllable approach is to simply increase
the hold time. Since it appears that more of a contribution
to equivalent hold time is derived from the heating por-
tion of the cycle, decreasing the rate of heating would
have a greater effect than decreasing the rate of cooling.
Therefore, the order of preference to accomplish greater
hardness reduction would be:

(1) Increase hold temperature,

(2) Increase hold time,

(3) Decrease heating rate, and

(4) Decrease cooling rate.

Note that decreasing the rate of cooling is the least ef-
fective method for producing greater hardness reduction.

For certain materials such as ferritic stainless steels,
slower cooling rates can result in longer exposure time
to temperature ranges which cause embrittlement, thereby
reducing toughness. B31.1 and ASME Section III provide
additional cooling rate requirements for these materials.

Since the natural cooling rate is highest at higher tem-
peratures, it may be necessary to continue applying heat
during the early stages of cooling in order not to exceed
the specified cooling rate. The insulation is generally not
removed until the temperature is below that where con-
trol is required.

Table 13 compares the maximum allowed rates of
cooling during PWHT for B31.1, B31.3, ASME Section
I, and BS 2633. Maximum cooling rates of 400°-
600°F/hr (222°-333°C/hr) are allowed by these codes. For
the lesser of temperatures above 800°F (427°C) or that
specified in the governing document, use of the lesser of
the maximum cooling rate shown below or that provided
in the governing document for PWHT is recommended.

Maximum Recommended Cooling Rate
for PWHT

500°F/hr (278°C/hr) divided by the thickness in inches,
provided that the recommended heated band width in
Section 5 is used and experience or analysis demonstrate
that the resulting distortion or levels of residual stress are
acceptable for the service environment

12. Response to Deviations

Although various deviations may occur during local
heating operations, those listed below are most common.
As a result, the possibility of their occurrence should be
considered and plans made to enable appropriate re-

44

sponse. It would be highly desirable to prepare corrective
action procedures for these deviations and train all af-
fected personnel in their use.

12.1 Thermocouple Failure. This deviation is a concern
during all of the purposes for heating. The ideal way to
respond to a thermocouple failure is the use of a spare
with its own extension wire. The response under such
circumstances can be made immediately without any im-
pact. It simply involves disconnecting the lead from the
primary thermocouple and connecting the lead for the
spare thermocouple. In the less likely event of a double
failure (i.e., failure of both the primary and spare), adja-
cent thermocouples may have to be used to estimate tem-
perature. If access is possible, a thermocouple located on
the opposite surface from the point of double failure pro-
vides a good source for such comparative data.

12.2 Heat Source Failure. This deviation is a concern
during all of the purposes for heating. Depending upon
the nature of the heat source, it may or may not be feas-
ible to make a replacement without discontinuing the
heating operation. The temperature of the heating opera-
tion will also impact the ability to make such a replace-
ment. In general, it is desirable to have spare equipment
for those cases where replacement is feasible. It also may
be possible that the operation of adjacent heat sources
can be modified to partially or fully compensate for the
failed heat source.

Although it can’t help after the fact, proper equipment
maintenance and operational check-out before use will
likely prevent many failures.

12.3 Interruption During Heating. An interruption dur-
ing heating consists of either exceeding the maximum
heating rate while above the threshold temperature for
control, or loss of temperature due to a heat source fail-
ure. Exceeding the maximum heating rate is generally a
concern for only PWHT, while a heat source failure is a
concern during heating for all of the purposes.

The response to exceeding the maximum heating rate
is to first correct the cause of the interruption. Heating
can then be restarted at the heating rate appropriate to the
temperature at restart. There is generally no need to re-
turn to ambient temperature and restart the heating. The
principal concern with regard to exceeding the maximum
heating rate is distortion resulting from excessive temper-
ature differences in the component. An assessment of the
distortion would have to be made at the completion of the
PWHT cycle, after returning to ambient temperature.

The response to a temperature loss during heating is
to first correct the cause of the interruption. Heating can
then be restarted at the heating rate appropriate to the
temperature at restart. Generally, the response will not be
dependent upon whether the temperature is above or
below that requiring heating/cooling rate control, other



than to utilize the heating rate required at the restart
temperature.

12.4 Interruption During Hold Period. This deviation
is of most concern for PWHT, but can also be a concern
for the other purposes. An interruption during the hold
period consists of the temperature either dropping below
the minimum or exceeding the maximum required soak
temperature.

When the temperature drops below the minimum for
soak before the end of the required hold time, the first re-
sponse should be to correct the cause of the interruption.
Heating is then restarted at a rate appropriate for the tem-
perature of the pipe at restart. Once at or above the mini-
mum soak temperature, hold is resumed and maintained
for a period of time such that the summation of all time
periods at or above the minimum soak temperature
should be equal to or greater than the minimum required.

When the temperature exceeds the maximum for the
soak period, the first response should be to correct the
cause of the interruption. For carbon and low alloy steels,
the subsequent response depends upon whether the lower
and upper critical transformation temperatures have been
exceeded. It is generally possible only to estimate the
transformation temperatures based upon either data for
material groups/specifications or knowledge of composi-
tion and use of an empirical formula. Table 129.3.2 in
ASME B31.1 provides a convenient source of data by
material P-No, while work reported by Andrews (Refer-
ence 23) is a well known source for empirical formulae.
However, such information is generally not available at
the time of the temperature excursion.

The following is recommended if it is suspected that
the lower critical temperature has been exceeded. The
temperature should be reduced to the soak range at a
cooling rate no greater than the maximum allowed and
should be held for the full required period, regardless of
any time previously accumulated at the hold temperature.
This is done to assure adequate tempering of any mate-
rial which may have experienced hardening due to trans-
formation. A full assessment of the deviation would then
have to be made subsequent to cooling to ambient tem-
perature. Such an assessment may include hardness mea-
surements, surface replication and/or other tests to
determine if properties such as tensile strength and notch
toughness were adversely affected. If properties have
been adversely affected, a structural integrity assessment
would be required.

If the temperature does not exceed the lower critical
temperature, reduce the temperature to the soak range at
a cooling rate no greater than the maximum allowed and
hold for the remaining required time. All time above the
minimum temperature, including that above the maxi-
mum temperature, can be used to determine the total
time at temperature. Even though the lower critical tem-
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perature is not exceeded, material properties may still
have been adversely affected and require a structural in-
tegrity assessment. For example, such a situation would
occur if the tempering temperature of the base metal were
exceeded.

12.5 Interruption During Cooling. An interruption dur-
ing cooling can consist of either exceeding the maximum
cooling rate or failing to exceed the minimum cooling
rate while at or above the threshold temperature for con-
trol. The more commonly encountered situation is ex-
ceeding the maximum cooling rate. Concern with regard
to exceeding the maximum cooling rate is associated
with distortion and/or introduction of residual stress. If
distortion occurs, it would have to be assessed after re-
turning to ambient temperature. Exceeding the maximum
cooling rate or failing to exceed the minimum cooling
rate are generally a concern for only PWHT.

The following response addresses concerns regarding
the introduction of residual stress as a result of cooling
rates that exceed the maximum allowed. The first re-
sponse should be to correct the cause of the interruption.
It is recognized that cooling rates faster than those al-
lowed in the various cited fabrication codes may be used
without causing distortion or excessive residual stress.
However, it may require analytical or experimental as-
sessment to justify the use of faster cooling rates. The
need for such justification would more likely occur for
critical components and when stress driven environmen-
tal cracking mechanisms were operative. As a result, the
most expedient approach may be to simply repeat all or a
portion of the hold period. However, as discussed in 12.6,
this should only be done when concerns do not exist re-
garding excessive hold times.

To repeat all or a portion of the hold period, heating
should be restarted with a heating rate appropriate to the
temperature of the piping at restart. Heating should con-
tinue until the minimum soak temperature is achieved.
Holding at or above the minimum soak temperature
should then occur for a sufficient period of time to relax
the induced stress. A conservative approach would be to
repeat the originally required hold period time. However,
since a significant contribution to stress relaxation occurs
as a result of immediate yield strength reduction at tem-
perature, holding for a short period (one hour or less)
may be sufficient. After completion of this additional
hold period, the thermal cycle can be completed as
specified, i.e., cool at a rate not exceeding the maximum
allowed.

For certain materials such as ferritic stainless steel, a
fast cooling rate (specified as a minimum rate) may be
required to avoid embrittlement or other undesirable met-
allurgical reactions. For such materials, the interruption
or deviation would result if the cooling were less than the
minimum required. The remedial response may be similar
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to that described above, i.e., heating should be restarted
with a heating rate appropriate to the temperature of the
pipe at restart. Heating should continue until the mini-
mum soak temperature is achieved. Holding at or above
the minimum soak temperature would then be required.
However, careful selection of the soak temperature and
time would be required to assure elimination of the unde-
sirable material condition. Once the required time at tem-
perature has occurred, cooling at or above the minimum
required rate should be applied.

12.6 Excessive Heating or Hold Times During PWHT.
Certain materials may have their properties adversely af-
fected by prolonged times during the heating or hold por-
tions of the PWHT cycle. The adverse effects of slow
cooling (resulting in prolonged time in an undesirable
temperature range) on certain materials were discussed
in 12.5. The typical causes for a deviation associated
with excessive heating or hold times, inadequate or
faulty equipment or setup, would generally not result in
prolonged cooling times since the equipment could sim-
ply be switched off.

There is no definitive answer regarding what consti-
tutes excessive or prolonged heating or hold times. A fre-
quently asked question is “How many times can PWHT
be applied without causing undesirable effects?” Unfor-
tunately, there is no simple answer, such as three, to this
question. It depends upon the specific thermal cycles
(temperatures and times), material (composition of weld
metal and base metal; heat treated condition of the base
metal), governing properties (toughness, etc.), and the re-
sponse of the weld metal, heat-affected zone and base
metal. Evaluation of available data or testing of speci-
mens, which simulate the PWHT time-temperature con-
ditions, may be required to determine suitability.

It must also be recognized that the governing codes or
specifications may not identify prolonged heating or hold
times as a deviation. While some codes may require test-
ing of specimens that have been exposed to 80% or more
of the time at the hold temperature, the time spent heat-
ing is not considered. Frequently, as long as maximum
heating rates are not exceeded and minimum time at the
hold temperature is achieved, a deviation is not consid-
ered to have occurred.

A common cause for prolonged heating or hold times
is the use of inadequate equipment or improper setup.
There simply may not be enough heaters or power to
achieve the minimum temperature in a reasonable time,
if at all. As a result, it may take excessively long to heat
to the minimum temperature. Likewise, one or more
thermocouples in a multiple zone PWHT may not reach
temperature while the remainder are already at tempera-
ture. Excessive hold times result from waiting for these
thermocouples to reach temperature. A common cause
for this is omission of supplemental heaters on heavier
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wall sections. Faulty control or power equipment could
also result in an excessive number of interruptions during
heating or hold, leading to prolonged time, as discussed
in 12.3 and 12.4.

If recognized early, the best response to a deviation
associated with excessive heating or hold times is to
change the setup and/or equipment. This obviously re-
quires aborting the PWHT cycle, returning to ambient
temperature and would typically result in a schedule de-
lay. As a result, it may be difficult for the heat treatment
contractor to acknowledge what is actually occurring.
The outcome of failure to acknowledge this problem is
often a futile attempt to achieve temperature, which re-
sults in excessive heating and/or hold time. If prolonged
heating or hold time is recognized after its occurrence,
the only recourse is to assess the material condition. The
best way to prevent such deviations is to follow ade-
quately designed and approved procedures with equip-
ment that has been properly maintained and calibrated.

13. Considerations Related to Service
Environment

The cited fabrication codes generally do not address
heat treatment relative to the service environment. In-
stead, the user is expected to apply engineering judgment
based upon knowledge of the service environment. The
user is able to obtain guidance from recommended prac-
tices that relate to the specific service environment. The
practices cited in this document, NACE RP0472 and API
945, consider environments such as wet H,S, caustic and
amine.

B31.1 and ASME Section III do not provide guidance
regarding service environment, other than with respect to
brittle fracture considerations. As previously discussed,
BS 2633 does recognize the need for different PWHT
thermal cycles for creep service or to achieve greater
softening when tempering. In addition, BS 2633 includes
a note which cautions the purchaser that for certain ser-
vice conditions, such as those conducive to stress corro-
sion cracking or where high temperature/high pressure
hydrogen exposure exists, heat treatment may need to be
carried out regardless of the pipe thickness. Although not
directly mentioned, it can be interpreted that B31.3, by
disallowing PWHT for longer times at lower tempera-
tures and specifying maximum hardness, does recognize
the demands of the service environment.

13.1 Appropriateness of Furnace and Local PWHT.
There is concern with regard to the use of local PWHT
when stress driven failure mechanisms such as stress cor-
rosion cracking are operative in the service environment.
Recommendations to perform PWHT in a furnace or in-
crease the heated band width for local 360-degree band



PWHT are found in various recommended practices and
international codes when stress driven failure mecha-
nisms are of concern. As discussed in Annexes A and B,
increasing the heated band width and decreasing the
axial temperature gradient can be used to reduce the
magnitude and shift the peak induced stress axially away
from the weld centerline for local 360-degree band
PWHT. It is generally acknowledged that the magnitude
of the peak stress induced by local PWHT can be ade-
quately reduced in the vicinity of the weld centerline by
increasing the heated band width. However, concern is
expressed that a stress peak of some magnitude still may
occur in the adjacent base metal. Such concerns are de-
scribed by the sentiment that local PWHT merely moves
weld related residual stresses to another location. It can
be argued that benefit is derived even if the peak induced
stress has only been shifted. The benefit is that the resid-
ual stress peak is moved out of the weld metal and HAZ
where there is a greater likelihood of crack initiation sites
being present.

Precise knowledge of the stress thresholds associated
with stress driven failure mechanisms is generally not
available. Since it is difficult to accurately estimate the
level of induced stress or the stress threshold for failure,
prior experience with specific local PWHT parameters in
similar service environments appears to offer the most
practical source of guidance regarding acceptable prac-
tices. Admittedly, such prior experience may not be
available and/or difficult to interpret regarding the suc-
cess or failure of the outcome.

It must also be recognized that the degree of stress re-
laxation resulting from standard furnace PWHT practices
may not be adequate due to low stress thresholds for en-
vironmental cracking, such as for chloride stress corro-
sion cracking of austenitic stainless steel. In such cases,
it may be necessary to consider the use of increased hold
temperatures and/or times or the use of other techniques
such as induction heating stress improvement (IHSI)
which is discussed in 13.5.

The following recommendations are therefore offered
based upon the above considerations. They are listed in
descending order of preference. In all cases it should be
recognized that for certain service environments, the stan-
dard hold temperatures and times may not be adequate.

(1) Whenever possible, consider heating the entire
section of piping in a furnace.

(2) If heating the entire piping section is not possible,
consider heating a 360-degree band. As a minimum, use
heated band and gradient control band widths and an
axial temperature gradient as recommended in Section 5.
If possible, perform an analysis to estimate the induced
stress resulting from the proposed parameters and com-
pare to the estimated threshold values for cracking.
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(3) If local spot heating of a cylindrical shell such as
piping is being considered, an analysis or similar previ-
ous experience should be used to establish acceptable
practices.

13.2 Exemption from PWHT. Fabrication codes typi-
cally provide exemptions from PWHT based upon thick-
ness, preheat/interpass heating, composition, diameter
and weld type/size. The concept of exemption from
PWHT is important to understand as it relates to the ser-
vice environment. Generally, exemption from PWHT is
not valid when concerns exist regarding environmental
cracking.

The greater restraint associated with heavier wall
thickness can result in plane strain conditions such that it
is desirable to assure adequate tempering and stress re-
laxation to preclude unstable crack propagation. When
designing to avoid such failure conditions, exemption
from PWHT based upon thickness is reasonable.

However, in certain service environments, failure
mechanisms such as alkaline stress corrosion cracking
(ASCC) or hydrogen stress cracking (HSC) may be oper-
ative. These failure mechanisms can be driven by factors
such as residual tensile stress and/or hardened micro-
structure. As a result, exemption from PWHT based
upon thickness is not relevant when such environments
are present.

Exemption from PWHT based upon composition re-
lies upon limiting the amount of carbon and other ele-
ments which can cause a hardened microstructure after
welding. Carbon equivalent formulas can be used to
quantify the effects of various elements and, thereby,
provide a means to establish requirements. For example,
NACE 8X194 (Reference 24) discusses the possible use
of carbon equivalent in order to control base metal com-
position and thereby limit the potential hardness of the
HAZ. Exemption from PWHT based upon composition
may be appropriate when environmental cracking mech-
anisms associated with a hardened microstructure are op-
erative. However, it appears from the surveys cited in
NACE 8X194 (Reference 24) that the most effective use
of composition limits is when combined with other ap-
proaches (limiting hardness of production weld metal
and following recognized welding, fabrication and heat
treatment practices) to control HAZ hardness. Exemption
from PWHT based upon composition is clearly not ap-
propriate when stress driven cracking mechanisms are
operative.

Exemption from PWHT based upon preheat/interpass
heating is generally used in conjunction with thickness,
weld size or type. While preheat/interpass heating does
slow the cooling rate during welding and thereby help to
control hardness and to some extent reduce residual
stresses, it is most effectively used in combination with
several approaches to mitigate environmental cracking as
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described above for composition control. It is therefore
not appropriate to consider preheat/interpass heating as
the only justification for exemption from PWHT when
environmental cracking is operative.

Exemption from PWHT based upon diameter, weld
type or weld size is not appropriate when environmental
cracking is operative. This is because these exemption
criteria do not mitigate weld hardness or residual stress.

13.3 Tempering and Stress Relaxation Objectives. It is
important that the user understand the needs imposed by
a service environment to insure that appropriate PWHT
is applied. Beyond the recognition that PWHT may be
required independent of exemptions based upon thick-
ness or other factors as described in 13.2, careful atten-
tion should be paid to insure that the appropriate degree
of tempering and/or stress relaxation occurs. With regard
to tempering, this generally involves recognition that
minimum code time-temperature requirements may not
be sufficient to produce the desired hardness. As a result,
higher temperatures and minimum hold times must fre-
quently be specified. NACE 8X194 (Reference 24) dis-
cusses this issue.

With regard to stress relaxation, the soak band should
be large enough to accommodate the regions where ten-
sile residual stresses are present. NACE RP0472 (para-
graph 6.1) cites concern that tensile residual stresses may
be present up to 2 in. (50 mm) from the weld. There is
also concern that local PWHT may induce stress as
previously discussed in 13.1. NACE RP0472 (paragraph
6.4.2) specifically recommends that heating bands larger
than required by codes be used for welds in piping with
diameters greater than 10 in. (25 cm). It is assumed that
this recommendation refers to the use of a larger heated
band.

In addition, longer times at lower temperatures are not
recommended. For example, both API 945 (paragraph
4.6) and NACE RP0472 (paragraph 4.3.3 and 6.4.1) con-
tain recommendations that PWHT at lower temperature
and longer time not be used. NACE 8X194 (Reference
24) cites survey results, which indicate that almost no
users have employed PWHT temperature lower than
1125°F (607°C) for pressure vessels in wet H,S service.

Another important concept is that multiple failure
mechanisms may be operative. For example, both hydro-
gen stress cracking and alkaline stress corrosion cracking
may be operative. As a result, the need to achieve both
adequate levels of tempering and stress relaxation may
be necessary.

Another factor, which may be overlooked, is the pres-
ence of inadvertent arc strikes or temporary attachments.
Although such areas may appear innocuous after grind-
ing, the effects of the thermal cycle remain. It is impor-
tant to insure that areas exposed to such thermal cycles
receive adequate tempering and/or stress relaxation.
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Concern is greatest when such areas occur on the inner
surface with direct exposure to the process environment.
However, external attachments that generate through-
wall residual stresses are also of concern. In such cases,
the size of the soak band for local PWHT may have to be
increased to incorporate these areas.

13.4 Hardness Testing. Hardness testing of production
welds is commonly used as a quality control tool to in-
sure that adequate local PWHT has occurred. Such test-
ing may be specifically aimed at insuring that adequate
tempering has occurred (as measured by weld metal
macro-hardness) during PWHT to mitigate hydrogen
stress cracking. NACE 8X194 (Reference 24) reports
survey results and states that “This (hardness) testing has
been shown to identify gross misuse of welding consum-
ables and/or fabrication techniques.” It also must be
clearly understood that hardness testing is not an appro-
priate method to assess the level of residual stress
present. Therefore, it is not appropriate to use hardness
testing as a means to assess the ability of a weldment to
perform in an environment where stress driven cracking
mechanisms are operative.

In some cases, hardness testing may be used to
determine that PWHT is not required because the as-
welded hardness is adequate. The use of hardness testing
for such purposes must be based upon recognition of its
limitations.

To insure reasonable accuracy, portable field hardness
measurements should be performed in accordance with
recognized industry standards. ASTM A 833-84 (Refer-
ence 25) provides requirements for Brinell hardness test-
ing by comparison methods. NACE RP0472 requires the
use of this ASTM practice and provides (in its Appendix
A) suggested guidelines for such testing related to con-
trol of environmental cracking.

Portable field hardness testing is recognized as appli-
cable to the weld metal, but not the HAZ of production
weldments. NACE 8X194 (Reference 24) states “There
does not presently exist a practical hardness testing
method for use on the actual HAZs of production weld-
ments.” This is due to the fact that such testing is fre-
quently made using a portable Brinell hardness tester.
The large size of the indentation in relation to the small
HAZ or localized hard areas makes it difficult or impos-
sible to obtain readings which are not composites of two
or three regions (weld metal, HAZ and base metal; hard
and soft areas). As a result, such composite readings are
not representative of the peak HAZ hardness. Although
methods such as rebound hardness testing use smaller in-
denters than that used for Brinell, the resultant indenta-
tions are not considered to have sufficient spatial
resolution, especially for the narrow HAZ associated
with low heat input welds.



The Welding Institute (TWI) has conducted several
group sponsored projects to evaluate the ability of ultra-
sonic contact impedance (UCI) hardness testing to assess
the HAZ hardness of production welds. The UCI testing
method utilizes a Vickers diamond pyramid indenter,
which provides the spatial resolution required. Although
the UCI testing method addresses the issue of spatial res-
olution, other concerns exist. These concerns include
dependence upon operator skill, adequate surface prepa-
ration, probe orientation, indentation spacing, and the
need for a large number of measurements, with statistical
assessment of data.

As a result of these limitations, the user must evaluate
the appropriateness of hardness testing for the intended
application. It may be that weld metal hardness testing in
combination with one or more HAZ mitigation tech-
niques, including control of base metal composition,
PWHT and/or qualification of a specialized welding pro-
cedure, is necessary. Qualification of the welding proce-
dure may include modification of preheat/interpass
heating and welding heat input to produce the required
hardness. Hardness testing of welding procedure qualifi-
cation test specimens is discussed in NACE 8X194 (Ref-
erence 24). Such testing utilizes multiple micro-hardness
traverses using laboratory equipment.

It is also desirable to perform hardness testing both
before and after PWHT, if there is not a concern with re-
gard to brittle fracture. Since the indentation associated
with field hardness testing is frequently made using an
impact load, there may be some concern regarding brittle
fracture. It is therefore advisable to evaluate the appro-
priateness of hardness testing before PWHT on a case by
case basis.

Hardness testing before PWHT can help in the selec-
tion of time-temperature parameters. For example, test-
ing before PWHT may identify an unexpected weld
metal and/or material condition such that higher temper-
atures are required to achieve the maximum target hard-
ness. In general, hardness testing before PWHT can
make a significant contribution to avoiding undesired
outcomes after PWHT.

13.5 Induction Heating Stress Improvement (IHSI). A
specialized local heating technique was developed (Ref-
erence 26) to address intergranular stress corrosion
cracking (IGSCC) of welds in austenitic stainless piping
in boiling water nuclear reactors (BWRs). The objective
of the technique is to induce compressive residual stress
on the inside surface of the pipe in the weld area by si-
multaneously induction heating from the outside while
water cooling the inside surface. While it appears that the
primary application of this technique has been to miti-
gate IGSCC in BWR piping, it may provide a useful tool
for addressing stress driven environmental cracking in
other applications.
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It has already been pointed out that concerns exist
regarding the use of PWHT to mitigate chloride stress
corrosion cracking in austenitic stainless steels. The
concerns result from several issues. First, the threshold
for the tensile stress, which causes the cracking, is con-
sidered to be below the level of stress relaxation achieved
by either furnace of local PWHT. In addition, local
PWHT results in axial temperature gradients which can
expose regions adjacent to the soak band to temperatures
which may produce undesirable metallurgical reactions
such as chromium carbide precipitation and sigma phase
formation. The IHSI technique avoids these concerns by
inducing compressive residual stress and utilizing heat-
ing temperatures and times, which do not lead to adverse
metallurgical reactions.

Considerable work has been performed to develop the
key parameters for the application of IHSI to austenitic
stainless steel piping. Table 14 provides a summary of
the reported (Reference 27) key parameters. It may be
desirable to apply the IHSI technique to austenitic stain-
less steel piping to prevent chloride stress corrosion
cracking or other forms of environmental cracking driven
by residual stress.

14. Quality Assurance System

In order to insure that local heating operations are in
compliance with various codes, standards, practices or
specifications, it is desirable to perform such heating in
accordance with an established quality assurance system.
ANSI/ASQC Q9002 (Reference 27) provides an appro-
priate model for such a system.

Although it is recognized that other temperature
measurement techniques may be used as described in
Section 7, thermocouples are referenced in the following
discussions.

14.1 Quality System. All work should be performed in
accordance with a written quality assurance system.
Such a written description is generally available in
a Quality Assurance Manual and should define the
organizational structure, responsibilities, procedures, proc-
esses and resources for implementing quality manage-
ment. The written description of the quality assurance
system should be available for review. It is recommended
that the user audit the supplier of local heating services to
determine compliance with the written quality assurance
system.

14.2 Process Control. The use of written procedures and
associated drawings is highly recommended since it
provides greater assurance that requirements will be
met. NACE 8X194 (Reference 24) cites survey results
which indicate that many users have required such proce-
dures to obtain better control of the PWHT process. It is
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Table 14
Summary of Key Parameters for Induction Heating Stress Improvement (IHSI)?
Parameter Controlling Range® Remarks
Temperature Difference AT > 40,(1-v)
Eo
Heati : 2
eating Duration 507 t
a
Coil Width L=3.Rt

Coil Location X =15 mm or t/2

Use whichever is greater

Maximum Temperature T,

Must be restricted to prevent deterioration of piping material. For
example, for type 304 stainless steel, the maximum recommended
temperature is 550°C

Current Frequency

Control is not required

Pipe Size

Automatically accounted for by other parameters

Cooling Water Conditions

Sufficient to achieve required AT

2 Adapted from Table 5.1, pages 5-9 in Reference 27.
b Variables:

AT =
Temperature on the outside surface of the pipe (°C)
Temperature on the inside surface of the pipe (°C)
Material yield strength (kg/mm?)

Poisson’s ratio

Young’s modulus (kg/mm?)

Thermal expansion coefficient (m/m°C)

Heating duration (sec)

Wall thickness of pipe (mm)

Thermal diffusivity (mm?/sec)

Width of coil, centered on weld (mm)

Mean radius of pipe (mm)

Distance from weld centerline to edge of coil (mm)

o

A

=

*IOe T aQm< A

recommended that the Standard Procedure for Local
Heating shown in Annex F, or an equivalent, be used in
conjunction with a drawing/sketch which specifies place-
ment of thermocouples, heat sources (including control
zones) and insulation.

14.3 Response to In-Process Deviations. Various devia-
tions can occur during the course of local heating opera-
tions as discussed in Section 12. The supplier of heating
services should have corrective action procedures and
personnel trained in their use to insure that appropriate
actions are taken in response to such deviations.

14.4 Testing. A common testing method associated with
local heating is hardness testing. Such testing should be
performed in accordance with an established procedure.
Hardness testing is discussed in 13.4.

Hardness testing both before and after PWHT can
provide a useful comparison regarding the condition of
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Difference in temperature between outside and inside surface of pipe (T, — T;)

welds before and after PWHT. Since hardness testing
may involve the application of an impact load, concerns
regarding brittle fracture should be addressed if testing is
to be performed before PWHT.

14.5 Documentation. The most important documenta-
tion associated with any heating is a record of the ther-
mal cycle. Currently, a strip or disk chart from a recorder
typically provides such a record. However, use of other
data acquisition methods may result in such information
being available on electronic media. The record of the
thermal cycle should be submitted upon the completion
of local heating. The record of the thermal cycle should
contain information such as the temperature and time
scales and correspondence between thermocouple num-
bers on the chart and drawing/sketch.

Copies of the procedures, drawings/sketches, thermo-
couple/extension wire Certificates of Conformance, tem-



perature recorder calibration records, and hardness test
results (if applicable) should be submitted along with the
record of the thermal cycle.

A Standard Documentation Checklist for Local
Heating is available in Annex G. It is recommended that
the documentation shown in this checklist be submitted
at the completion of local heating.

14.6 Control of Inspection, Measuring, and Test
Equipment. The most important aspect of any quality
assurance system relating to heating involves the mea-
surement and recording of temperature. Use of equip-
ment that conforms to specific requirements and has
been properly calibrated and maintained cannot be over-
emphasized. Section 8 addresses various issues relating
to temperature measurement. Detailed consideration re-
garding the accuracy of thermocouple temperature mea-
surement is provided in Annex D. ANSI/NCSL Z540-1
(Reference 28) provides requirements for controlling the
accuracy of measuring and test equipment.

All thermocouples/extension wire should be traceable
to Certificates of Conformance. Calibration of tempera-
ture recorders should be traceable to national standards,
such as those maintained by the National Institute for
Standards and Technology (NIST). Hardness test bars
should be traceable to Certificates of Conformance and
be used such that the proper spacing is maintained be-
tween successive indentations.

14.7 Training. All personnel performing local heating
should be trained in the proper use and application of the
associated processes and equipment, including safety,
calibration, maintenance, and inspection considerations.
Documentation of such training should be maintained.

14.8 Servicing. All equipment should be serviced at ap-
propriate intervals as recommended by the manufacturer
to insure proper performance. Documentation of such
servicing should be maintained.

15. Induction Heating

15.1 General. Induction heating involves the application
of alternating current (ac) to coils wrapped around the
part to be heated. Because electric current has a magnetic
field associated with it, a magnetic field is produced
around the conductor. The magnetic field penetrates the
part around which the conductor is wrapped or placed.
Since the current is alternating, the magnetic field alter-
nates in phase with the current, sweeping through the
part, collapsing, and then building up in the opposite di-
rection. A current is induced in the part because a current
is produced whenever there is relative motion between a
magnetic field and a conductor. Resistance to this induced
current plus hysteresis loss heats the part.

51

AWS D10.10/D10.10M:1999 (R2009)

As the frequency of the current in the conductor
increases, the radius of the magnetic field decreases, and
current is induced in the part to a lesser depth. If the
frequency is high enough, only a thin skin is heated. Of
course, heat will be conducted inward from this skin, so
that in time the center will also be heated, but this may
result in overheating the outside of the part. The potential
variation of temperature with depth below the surface
should be taken into account when selecting other impor-
tant process parameters such as the current and number
of turns of the coil. Commonly used induction frequen-
cies for PWHT of pipe include 60, 480, and 9600 Hertz
(Hz).

Induction heating is fully applicable to bake-out, pre-
heat/interpass heating, postheating and PWHT. An addi-
tional local induction heating application, IHSI, was
discussed in 13.5. This technique is aimed at introducing
compressive residual stress on the inside surface of pipe
to mitigate failure mechanisms driven by tensile residual
stress.

15.2 Effect of Composition and Temperature. Pipe
capable of being magnetized (ferromagnetic) tends
to contain all of the magnetic field within its wall
thickness. If the pipe is not capable of being magnetized
(non-ferromagnetic), lines of magnetic force will not be
concentrated within the wall thickness. Instead, the mag-
netic field will then be distributed uniformly within the
space surrounding the coils (air and metal). When this is
true, induction heating can still be used, but much more
energy must be supplied to the coils to heat the metal be-
cause the portion of the magnetic field in air obviously
does not heat the metal.

Carbon, low alloy, and other ferritic steels are ferro-
magnetic below their Curie point (the point at which met-
als are no longer ferromagnetic), which is approximately
1418°F (770°C). They are non-ferromagnetic above that
temperature. Austenitic stainless steels and most nonfer-
rous metals are predominantly non-ferromagnetic at both
ambient and elevated temperatures.

When the temperature of ferromagnetic material is in-
creased above the Curie point and the lines of magnetic
force are able to penetrate into the air (instead of being
concentrated only within the pipe wall thickness), there
is less resistance to current flow in the coils. As a result,
the current in the induction coils rises suddenly. For
PWHT of ferromagnetic materials above their Curie
point and for all non-ferromagnetic materials, it is advis-
able to make the coils out of hollow tubes and pass water
or some other coolant through them. Another conse-
quence of having the magnetic field no longer concen-
trated only in the pipe wall thickness is the need for
increased energy input to raise the temperature further.
To accomplish this, more turns must be applied (as many
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as sixty instead of the usual ten or so), and the equipment
must be capable of providing more energy.

15.3 Coil. An induction coil setup is shown schemati-
cally in Figure 16. The function of the coils is to carry
the current whose magnetic field will induce a current in
the pipe. This heats the pipe while the coils are not
heated. The electrical resistance of the coils should be
low and their heat conductivity high. Copper is generally
used for coils. The conductors may be in the form of bars
or preformed clamps that are hinged and bolted together,
contactless solid conductor split coils, hollow tubes
through which water flows for cooling, or stranded cable.
The hinged and bolted bars greatly reduce the cost of in-
stalling coils, but may cause problems at the connections
because of overheating or arcing if they are not tightened
properly. The contactless solid conductor split coils re-
duce installation costs while eliminating concern regard-
ing overheating and arcing. Water cooled flexible tubing
can be as flexible as the standard air cooled cable. The
air cooled cable can be used where water cooling is not
required. All coils must be wrapped in the same direction
around the pipe and polarity must match, otherwise, their
magnetic fields will be in opposition to each other and
heating will be difficult, if not impossible.

15.4 Ampere Turns. The energy input to the pipe is ap-
proximately proportional to the ampere turns, which is
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Figure 16—Schematic Depiction of
Induction Coil Setup
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the product of the current in the coils and the number of
turns of the coil around the pipe. Both of these factors
can be changed to regulate the energy input.

Current can be controlled effectively by changes in
the taps on the transformer in 60-cycle units or by chang-
ing the output of the generator in 400 cycle motor-
generator units. Either the supply to the machine or the
capacity of the machine determines the upper limit of the
current. Either stopping or starting the flow of current or
changing its frequency or amplitude, or both can also
control current. Solid state, phase balanced sources are
required to permit varying frequency and amplitude. A
very simple but effective means of controlling the power
is by means of a closed loop control system with feed-
back from a thermocouple attached to the pipe surface.

The amplitude of the current and the number of turns
in the coils directly affect the power input. Since only the
current can be conveniently varied once heating has been
started, it is important to pre-plan these variables. If the
applied frequency and voltage remain constant and the
number of turns is decreased, the current in the coils will
increase proportionately. However, for a given frequency
and voltage, the number of turns can only be varied
within a relatively narrow range. If too few turns are
used, the current will exceed the capacity of the machine.
If too many turns are used, the system may have insuffi-
cient capacity to heat the pipe to the desired temperature.

15.5 Location of Turns of the Coil. Current is induced
in the pipe only in the metal under the coils. The width of
the heated band is thus determined by the width of the
coils. Should a wider heated band be desired, the turns
can be spaced farther apart by the use of insulation be-
tween them or by leaving a gap in between the coils at
the center of the heated band. Such a gap can be left be-
cause heat is conducted into this region from the metal
heated on either side. When induction coils are used for
preheating a joint, a gap must be provided in the coils in
order that there be access for the welder. Often, the coils
can be left in this position for postheating or PWHT, pro-
vided adequate insulation is used over the part of the pipe
not covered with coils.

Stacking one layer of coils on top of another is not
recommended, even if the coils are water cooled. Such
stacking causes one layer of coils to induction heat the
other layer. As such, this practice may lead to overheat-
ing the coil.

Cables and cable leads should not be coiled and should
be as short as possible because additional undesirable
inductance will be produced. Metal parts within coiled
cables and leads can also be unintentionally heated.

When the wall thicknesses of the pipe on either side
of the weld are not equal, such as where a thick-walled
valve is joined to a pipe, the heat losses to the thicker
valve by conduction will be significantly greater, as pre-



viously discussed in 5.6.3. The solution to this problem
lies only partly in providing more insulation on the valve.
More heat must be put into the valve by the use of more
turns of coils on that side since the energy distribution is
in proportion to the ratio of the number of turns. This
would mean having more turns on the valve side. A shift
of only one or two turns towards the heavier side may
provide the needed change in temperature distribution.

For example, there might be six turns on the valve
side and four on the pipe side. If the number of turns is
increased, the extra ones are added to the side needing
greater heat input. Note that adding turns will decrease
the total energy input to the weld unless the current to
the coils is increased. This is true because the percent-
age decrease in the current is greater than the percentage
increase in the number of turns, so that the product of
amperes and turns, which is the measure of energy input,
is decreased. Therefore, increasing the number of turns
decreases the total energy input, but provides more heat
to the side receiving the increased number of turns. In all
such cases of unequal heat losses and input, it is recom-
mended to have separate control zones (i.e., separate coil
and power supply) on each side in order to separately
control current and, thereby, balance the temperatures
more closely.

15.6 Suggestions for Setup. In this section, suggestions
are discussed which are intended to be helpful to an oper-
ator faced with the necessity of setting up an induction
heating installation. The example used assumes that the
electric current is 60 Hz AC supplied by a transformer
with taps on the secondary. This does not imply that
other equipment cannot be used.

15.6.1 Equipment and Materials. The following
equipment and materials constitute what is considered to
be the minimum recommended for an effective induction
heating installation:

(1) One transformer unit that has a secondary voltage
of about 90 V.

(2) Temperature controllers for closed loop feedback
control from thermocouples.

(3) Input cables from the power source to the input
side of the transformer.

(4) Cable leads from the transformer to the induction
coils.

(5) Induction coils long enough to encircle the pipe at
least (12) twelve times and provide connections to the
cable leads.

(6) Thermocouples and extension wire (see 7.2 and
7.3).

(7) A calibrated temperature recorder (see 7.4).

(8) Suitable insulation (see 8.2).
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(9) Heat resistant twine (nonmetallic material) to tie
the insulation into place. Typical materials include glass
tape and ceramic fiber rope.

15.6.2 Insulation Attachment. The insulation attach-
ment is discussed in 8.3. Special attention is called to the
need to apply insulation directly to the pipe under the in-
duction coils.

15.6.3 Induction Coil Attachment. When attaching
the coils, all turns must be wound over the insulation
without touching any metal. All winding should be in the
same direction. Care should be taken while wrapping to
assure that the insulation is not damaged and that the
coils are neither too tight nor too loose. They should be
properly spaced relative to the center of the weld so that
the heated band is of the desired width and located to
give an even temperature across the joint. Heat resistant
twine can be used to tie the coils down and prevent shift-
ing during operation. Micarta wedges have also been
used successfully to keep the coil centered. Some smoke
generation and charring of the Micarta is to be expected.
Electrical insulating materials must be used to cover the
connections between the coils and the cable leads and
any joints within the coils.

15.6.4 Setup of Transformer. The transformer is
connected to the power source with an input cable and to
the coils with cable leads. The cables should be located
so that no one will trip over them and so that they are not
coiled.

Good safety practices should always be followed.
Whenever anyone is working on coils or when heating
operations are not in progress, the main power switch
should be in the open position and tagged “open.”

15.7 Relative Advantages and Disadvantages of In-
duction Heating. The relative advantages of induction
heating are as follows:

(1) High heating rates are possible due to the high
power density,

(2) Effective for rapid through-thickness heating since
it does not rely solely upon conduction,

(3) Ability to heat a narrow band adjacent to regions
which have temperature restrictions (It must also be rec-
ognized that such narrow band heating can induce
stress),

(4) Local hot spots due to variations in heater watt
density can be avoided more easily,

(5) The coils are relatively long-lived and less likely
to fail during heating than some other equipment in the
system, and

(6) The overall heating efficiency in terms of fre-
quency conversion and coil efficiency, with correct out-
put circuit design, can be greater than 90%.
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The relative disadvantages of induction heating are as
follows:

(1) The initial cost of the equipment can be higher
than other appropriate heat sources,

(2) The equipment is larger and less portable than
many other systems, and

(3) Less ability to create control zones, especially
around the circumference.

16. Electric Resistance Heating

16.1 General. Resistance heating occurs when an elec-
tric current is passed through conductors with high elec-
trical resistance. It is commonly described as I’R heating,
where I = current and R = resistance. Manufacturers offer
resistance heating elements in a wide variety of sizes and
shapes to fit practically any geometry. Most are quite
flexible and able to conform closely to the shape to be
heated, making them useful in the shop or field. The
equipment required for resistance heating includes heat-
ing elements, insulation, power supply, and temperature-
monitoring and controlling devices. The degree of so-
phistication varies from manual operation with a single
control zone (circuit) to fully automated operation with
multiple control zones.

Electric resistance heating is fully applicable to bake-
out, preheat/interpass heating, postheating and PWHT.

16.2 Heaters. Typically, resistance heating devices con-
sist of high resistance conductors (hot section), low resis-
tance conductors (cold tail) and surrounding insulators,
such as ceramic beads or ceramic fiber. A braid of metal
capable of resisting high temperature exposure may fur-
ther protect the ceramic beads or fiber. The ends of the
conductors are fitted with lugs or similar devices to facil-
itate connection to the power circuit.

Since each heater has a limited current-carrying ca-
pacity, the current should be monitored by an ammeter.
Monitoring of current is more important where multiple
elements are used in control zones. In such cases, current
monitoring can be used to identify the failure of an indi-
vidual heating element and thereby enable remedial re-
sponse to avoid the problems associated with resultant
temperature gradients. The number of heaters required is
governed by the mass to be heated, geometry of the area
to be heated, required gradient control, the rate of heating
and holding temperature, and the power rating of the in-
dividual heaters.

The following precautions are applicable for any type
of resistance heater:

(1) Heaters should be matched to the output voltage
characteristics of the power supply.

(2) For parallel hookups, heaters with resistances
within approximately +5% are normally used on areas
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where constant heat flux is desired. If newer elements are
combined with older ones (whose resistance may have
changed because of oxidation during use), the difference
in resistance between individual heaters in a control zone
should be limited to avoid non-uniform heat input.

(3) An ammeter should be used to check that the cur-
rent supplied does not exceed the rating of the trans-
former/power supply or to identify failed heaters.

(4) All power should be turned off before heaters are
connected to the power supply. This will provide for
personnel safety and can prevent damage to the heater
elements.

16.2.1 Finger Element Heaters. Finger element heat-
ers are designed with dual solid nichrome conductors and
a series of stacked ceramic tubular insulators that create
the “fingers.” These heaters fit around an entire pipe cir-
cumference or segments of a circumference. This style of
conductor provides for an extremely reliable heater that
has a typical current capacity limitation of 120 A. The
heaters are typically powered by a welding power supply
with a large number of elements in series because of the
low voltage drop across each. The total amperage must
not exceed that of the welding power supply.

The finger element is the forebear of the more com-
monly used flexible ceramic pad heater (FCP) which is
discussed in 16.2.3. Among other reasons, the increased
use of the FCP can be attributed to the emergence of spe-
cifically designed power consoles that operate at a rela-
tively common output voltage.

16.2.2 Braided Heaters. Braided heaters consist of a
flexible inner core of stranded nichrome wires insulated
with woven layers of silica fiber and covered with heat-
resistant braided wire.

Braided heaters can be attached directly to the pipe
with stainless steel bands and covered with insulation, or
they can be placed into special wire mesh jackets with in-
sulation to create a heating blanket. The latter makes it
possible to attach the heaters and insulation to the pipe at
one time. Braided heaters can be positioned either longi-
tudinally or circumferentially around the pipe.

16.2.3 Flexible Ceramic Pad (FCP) Heaters. The
FCP heater consists of a multi-stranded nichrome metal
wire (hot section) joined (by welding) to a multi-stranded
nickel wire (cold tail) which is inserted in ceramic beads
(alumina) with pre-placed holes to form a pad. The beads
for the hot section typically have two holes and are inter-
locking such that they can be made to contour readily to
a cylindrical surface. The hot section is generally pro-
vided by manufacturers in various rectangular shapes
(with a constant area) to accommodate different pipe cir-
cumferences. The length of the resistance wire generally
remains constant to provide heaters with the same power
density. Single hole tail beads typically emerge from the



hot section. A different color tail bead generally marks
the location of the weld between the nichrome and nickel
wire. This allows the weld (junction between the hot and
cold sections) to be placed outside the insulation. A
power connection lug is attached to the end of the cold
tail. FCPs are installed in much the same way as braided
heaters. A control zone typically consists of three heaters
connected in parallel. Multiple control zones can be used
in the axial or circumferential directions.

16.2.4 Wrap-Around Heaters. A typical wrap-
around heater consists of an insulated nichrome wire ele-
ment surrounded on three sides by a 1 in. (25 mm) thick
ceramic fiber blanket which is housed in a stainless steel
shell.

The heater is curved to fit snugly around a given size
pipe. This means that each pipe size requires a different
wrap-around heater. The preshaped body of the wrap-
around makes it easier and faster to set up in the field.
However, its rigid body design and relatively high cost
limit its use to repetitive heat treatments in straight-run
pipe of the same size.

16.2.5 Single-Strand (Rope-Type) Heaters. Heaters
with a single conductor of stranded nichrome wire are of
similar construction as braided heaters. They are avail-
able with silicon fiber insulation or ceramic insulation
beads similar to the FCPs.

Single-strand heaters can be wrapped around a pipe in
much the same way as induction coils. They can also be
formed into pads, including irregular shapes, to fit
around and between nozzles and to compensate for un-
equal metal thicknesses.

16.2.6 Heater Attachment. The method of attach-
ment of the heaters depends on the type used. Whenever
the axis of the pipe is in a horizontal position and one el-
ement is used, the heater should be attached so that the
center of the heater is at the bottom and the two ends are
near the top. This should result in a small gap near the
top of the pipe. Where multiple elements are used, gaps
between elements should be evenly spaced. Once in
place around the pipe, the heater(s) can be secured with a
stainless steel strap or other suitable means. The appli-
cation of wire in direct contact with FCP heaters is not
recommended since shorting may result if the wire slips
between the ceramic beads and makes contact with the
conductor. Depending upon the circumstances, the dif-
ference in thermal expansion between the pipe and steel
band may result in the thermocouples being crushed and
shorted between the heater and the pipe. As a result, some
allowance for expansion should be made, for example,
by limiting the tightness of the band. Carbon steel bands
are not recommended for direct contact with the heater
since they tend to sag at normal PWHT temperatures, al-
lowing the heaters to move. Insulation is applied over the
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heaters. Carbon steel wire can be safely used on the out-
side of insulation to secure it in place. The heaters are
then ready to be connected to the power supply.

Gaps between heaters produce cold spots. The degree
of temperature drop in the gaps is dependent on the width
of the gap, the thickness of the material, the temperature
of the material and the length of the gap. The magnitude
of the temperature drop is expected to increase as the:

(1) Width of the gap increases,

(2) Thickness of the material increases,

(3) Temperature of the material increases, and

(4) Length of the gap increases.

The metal surface under a heater is heated via conduc-
tion directly from the heater to the pipe, whereas the
metal surface in the gap between heaters is heated via
conduction through the pipe. The volume of heater adja-
cent to the gap affects the amount of temperature drop
within the gap. Gaps between heaters can be accommo-
dated with minimal temperature drop provided that they
do not exceed the wall thickness of the pipe or 2 in.
(50 mm), whichever is less. In instances where gaps are
used in excess of this recommendation, additional moni-
toring thermocouples should be used to assure that the
soak band achieves the desired temperature.

If braided heater blankets are to be used, care should
be exercised to insure that none of the heaters overlap the
insulation since this could damage the heater. Once good
fit is assured, the blankets can be secured to the pipe,
then insulation can be wrapped around the blanket and
secured with wire. The heaters are then ready to be con-
nected to the power supply.

16.3 Power Sources. Electric power needed for resis-
tance heating can be provided by many sources, ranging
from engine driven welding machines to a normal com-
mercial supply. Either AC or DC equipment can be used.
The selection of the system for any given application de-
pends upon availability, portability, cost effectiveness,
type of controllers, and matching the output voltage char-
acteristics with the heaters.

The total power requirement should be established to
judge the adequacy of a power system. If sufficient
power is not available, it may still be possible to success-
fully achieve the required temperature, but at a reduced
rate of heating. A detailed assessment of the power re-
quirements for local heating would include quantifying
the power required to:

(1) Heat the part at a specified rate to the desired tem-
perature,

(2) Overcome conduction losses within the part,

(3) Overcome convection and radiation losses from
sections of the part which are not insulated (both inner
and outer surfaces), and

(4) Overcome conduction, convection, and radiation
losses from the insulated sections of the part.
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Quantifying each of these contributions to the re-
quired power is often impractical, and in some cases, im-
possible. A simplified, rule-of-thumb assessment of the
power supply adequacy can be achieved by applying
Equation (5).

. (M xc, xR)
R P k S
equired Power (kW) (CFxE) (@)
where:

M = mass of metal to be heated (Ib or kg)

¢, = specific heat (Btu/lIb/°F or kJ/kg/°C) Note: Spe-
cific heat varies with temperature. Use 0.20 Btu/
Ib/°F or 0.83 kJ/kg/°C for steel.

R = maximum rate of heating (°F/hr or °C/hr)

CF = conversion factor (3412 Btu/kW-hr or 3600 kJ/
kW-hr)

E = insulation efficiency (use 0.4 for well insulated
assemblies)

P

When selecting welding machines as power sources,
it is important to recognize that most welding machines
are rated at a duty cycle of less than 100%. For manual
and semi-automatic pipe welding, which requires many
starts and stops, there is no need to select equipment with
a 100% duty cycle. However, when used for heating, the
equipment may be continuously on line for many hours.
Therefore, to prevent overloading or damaging the equip-
ment, it is important to determine and not to exceed the
current at its 100% duty cycle rating. In addition, the
load voltage from the welding machine should match the
design voltage of the heating elements.

The cables should not be any longer than necessary,
and they should not be coiled, since both conditions re-
duce the availability of useful power. Ground and neutral
connections to the power supply or heating circuit are to
be made with cable. Use of structural steel as a conductor
for a ground or neutral is not recommended.

16.4 Suggestions for Setup. The following suggestions
are intended to help an operator faced with the necessity
of setting up a resistance heating installation.

16.4.1 Equipment and Materials. The following
equipment and materials constitute what is considered to
be the minimum recommended for an effective electric
resistance heating installation:

(1) Power supply, with contactor or primary switch.

(2) Temperature controllers for closed loop feedback
control from thermocouples

(3) Input cables from the power source to the input
side of the transformer.

(4) Cable leads from the transformer to the heating
elements.

(5) Heaters matching output voltage characteristics of
power supply to provide the necessary number of cir-
cumferential and axial control zones.

(6) Stainless steel banding to attach the heaters.
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(7) Thermocouples and extension wire (see 7.2 and
7.3).
(8) A calibrated temperature recorder (see 7.4).
(9) Suitable insulation (see 8.2).
(10) Heat resistant twine, metal banding or tie wire to
secure the insulation.
(11) Ammeter to measure current.

16.4.2 Power Source. The leads should be connected
with the power supply in the off position. Cable lengths
should not be any longer than necessary and should not
be coiled. All connections should be checked for tight-
ness, and they should be tied off at both ends to take the
strain off the heaters.

16.4.3 Startup and Operation. All dial selector
knobs must be in the off or minimum output position be-
fore starting the power supply. This action will guard
against an overloading which could burn out or severely
damage the power supply or part. An ammeter should be
used to monitor current for each control zone when the
power supply is activated. The amperage should not ex-
ceed the power source rating. For variable current appli-
cations, the current should be gradually increased. For
constant current, percentage-time applications adjust the
percentage of time to suit the heating rate. When the hold
temperature is reached the amperage or percentage on-
time, depending on the type of power source, should be
reduced to maintain this temperature.

At the completion of the hold period, the output (am-
perage from a variable current source or on-time from a
constant current source) should be reduced to supply only
enough current to keep the rate of cooling below the
maximum specified. In some cases, the current can be
shut off completely.

16.5 Relative Advantages and Disadvantages of Resis-
tance Heating. The relative advantages of resistance
heating are as follows:

(1) Standard heaters can accommodate a wide variety
of part sizes and geometrical configurations.

(2) Continuous and even heat can be maintained
throughout the welding operation (including during long
breaks) from preheat/interpass heating through to posthe-
ating or PWHT.

(3) Temperature can be adjusted accurately and
quickly.

(4) Welders can work in relative comfort and do not
have to stop intermittently to raise preheat temperature.

(5) Non-uniform or gradient heat input can be ob-
tained easily, such as may be required for the top and
bottom halves of a pipe or where pipes are attached to
heavier sections such as valves.

The relative disadvantages are as follows:



(1) Elements may burn out during a heat treatment.
The possibility of this occurring is greatly reduced if ele-
ments are inspected/maintained before each use.

(2) Inadequate work practices may create the possi-
bility for a resistance element to short itself out to the
pipe, producing arcing spots.

17. Flame Heating

17.1 General. In local heating of welds with one or more
flames (torches), the heating operation is much more of
an art than a science. The amount and concentration of
heat transferred to the weldment depends upon the:

(1) Amount of fuel consumed,

(2) Completeness of combustion,

(3) Adjustment of the flame,

(4) Distance between the flame and the weldment,

(5) Manipulation of the flame, and

(6) Control of heat losses to the atmosphere.

Flame heating has been successfully used for work on
relatively small pipe sizes. It is a method that should be
applied with care and only by an operator who is experi-
enced or is under close supervision by an experienced
operator. Weldments may be severely damaged by im-
properly applied flame heating.

Flame heat has extensive applicability for preheat/in-
terpass heating, limited applicability for bake-out and
postheating, and is not usually considered applicable for
PWHT.

17.2 Heat Sources. Burning a fuel gas mixed with air or
oxygen produces heat for flame heating. If the weld-
ments are of considerable mass, or if the work is to be
done fairly quickly, these gases should be burned with
oxygen rather than air. However, the use of oxygen re-
quires closer torch control to prevent oxidizing the steel
or damage from flame impingement.

When air is used, the volume should be large enough
to produce nearly complete combustion. The air may be
forced into the fuel stream under pressure or, sometimes,
simply aspirated into the flame.

17.3 Torch Tip Sizes. The torch tip size should be as
large as is practical and convenient for the job. The larger
size tips and flames not only produce more heat more
quickly, but also tend to distribute it more evenly. The
use of welding or cutting torch tips should be avoided
since they increase the risk of burning or cutting the
metal.

17.4 Heated Band. In order to get a good, even heat in
the soak band, the heated band may need to be extended
further than that described in 5.2. Overheating local areas
should be carefully avoided. The thicker the pipe wall,
the more important it is to allow sufficient time for heat
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to conduct through it, and it may also be advisable to
apply heat to the internal surface of heavy wall pipe. It
follows that it is also important when using flame heating
to measure the temperature carefully and in enough re-
gions to assure that thermal gradients are not excessive.

17.5 Flame Adjustment. Neutral or slightly reducing
flames should be used. An oxidizing flame should not be
used.

17.6 Flame Attitude. The flames should be kept close
enough to the pipe to get maximum heat transfer and to
get the shielding effect of the flame’s outer area, but not
close enough to get any melting effect. The sharp,
pointed, inner cones of the flames should never touch the
pipe.

The flame or flames around the pipe should be manip-
ulated so as to distribute the heat as evenly as possible.
Uneven heat distribution will cause distortion, warpage,
and residual stress.

On larger sizes of pipe, more than one torch should be
used. This will help to distribute the heat. When more
than one operator is working on the heating operation,
each person’s role should be planned in advance.

17.7 Protection from the Elements. The pipe to be
heated must be well protected from moisture and wind.

17.8 Holding. When the weld area has been brought to
the proper temperature, it can be held at that temperature
with lower heat input by continuing to manipulate the
torches around the pipe or by holding them at some
greater distance from the pipe.

17.9 Cooling. When the weld area has been brought to
the proper temperature and held there for the correct
length of time, it should be covered with insulation and
allowed to cool slowly.

17.10 Suggestions for Setup. The following suggestions
are intended to help an operator faced with the necessity
of setting up a flame heating installation.

17.10.1 Equipment and Materials. The following
equipment and materials constitute what is considered to
be the minimum recommended for effective flame heating:

(1) Adequate fuel supply with air or oxygen supply.
Fuel supply bottles should not be drawn down at a rate
that exceeds the bottle’s capacity.

(2) Hoses of sufficient length to provide fuel and
air/oxygen, allowing sufficient excess for manipulation
of the heater around the pipe.

(3) Torch with sufficiently large tips to distribute the
heat evenly.

(4) Thermocouples and extension wire (see 7.2 and
7.3).

(5) A calibrated temperature recorder (see 7.4).
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17.10.2 Temperature Measurement. This and any
heating process should be held to the same standards.
Those standards are to insure that the required tempera-
tures are attained with the controls necessary to meet the
objectives of the heating operation. Due to the highly
variable nature of the flame heating process, it is strongly
recommended that thermocouples, as described in Sec-
tion 8, be used to monitor temperature. It is recognized
that current practices may not be to use thermocouples
with flame heating.

17.11 Relative Advantages and Disadvantages of
Flame Heating. The relative advantages of flame heating
for local heating of welds are low cost and portability.

The relative disadvantages of flame heating are as
follows:

(1) Minimal precision and repeatability.
(2) Minimal uniform temperature distribution.
(3) The great amount of operator skill it requires.

(4) Risk of damaging the material.

18. Exothermic Heating

18.1 General. Most local heating of welds employs a
heat source that can be monitored/controlled to obtain
the desired thermal cycle. Induction coils, resistance
heaters, flames, and other heat sources can be reused for
several, and at times unlimited applications, but require
the attention of an operator. The exothermic system,
shown in Figure 17, employs a heating source that cannot
be controlled during operation and is completely con-
sumed. Use of exothermic heating currently appears to
be limited to one specific application, e.g., heating the
weld attaching a slip-on flange to a well casing as shown
in Figure 17.

Although personnel are not required beyond installa-
tion and start-up, some facilities desire the presence of a
watchman during the burning phases of the exothermic
heat treatment. However, this person has no control over
the process. Thus, the engineer must plan the operation
in detail prior to ordering and employing any exothermic
materials because adjustment cannot be made once it is
started.

Exothermic heating is generally not applicable for
preheat/interpass heating, and has very limited applica-
bility for bake-out, postheating, and PWHT.

18.2 Nature of the Process. Every exothermic process
involves a chemical reaction between materials that re-
lease heat. One such process uses iron oxide and alumi-
num, and the reaction can be expressed by Equation (6).

FCZO3 +2 Al=2Fe + A1203 + Heat (6)
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Figure 17—Schematic Depiction of
Exothermic Heating of Weld Attaching
a Slip-On Flange to a Well Casing

The chemical composition of the exothermic heat
treating material for welds is proprietary. The thermal
cycle is controlled by a combination of the total heat con-
tent, the size, shape and composition of the exothermic
mass, and the size and shape of the piece to be heated.
Once the heating has been started by the ignition of the
exothermic mass, it is impossible to perform any adjust-
ments. Other heating processes can be modified as the
operation progresses, but exothermic heating must be
completely planned in advance to be successful.



The exothermic process may produce considerable
smoke during the burning phase which usually lasts less
than 30 minutes. Adequate natural or forced ventilation
should be provided to disperse smoke.

18.3 Determination of Process Suitability. A determi-
nation must be made as to whether the exothermic pro-
cess is suitable for a specific application. The following
essential variables should be considered in determining
the applicability of an exothermic system.

18.3.1 Heating Rate. As soon as the exothermic ma-
terial is ignited, heat is produced at a rapid and uniform
rate over the entire area exposed to the heat source. For
wall thickness up to about 1-1/2 in. (40 mm), this heat
will equalize rapidly through the full thickness whenever
the material is properly installed and ignited. The exo-
thermic mixture can be adjusted at the time of fabrication
to obtain the desired rate of heating, however, the opera-
tor can do nothing to change this rate of heating in the
field.

18.3.2 Hold Temperature. The chemical composi-
tion or grade of the base and weld metal should deter-
mine the optimum thermal cycle and the acceptable
tolerances. While it may not be possible to satisfy every
possibility, suppliers may be able to provide exothermic
packages that meet special thermal cycle requirements.
At present, the three basic thermal cycles shown below
are commercially available.

(1) 600°F (316°C) maximum temperature with a one
hour holding time above 400°F (210°C) for each inch
(25 mm) of wall thickness, with a minimum holding time
of 30 minutes

(2) 950°F (510°C) maximum temperature with a one
hour holding time above 750°F (400°C) for each inch
(25 mm) of wall thickness, with a minimum holding time
of 60 minutes

(3) 1300°F (704°C) maximum temperature with a
minimum holding time above 1150°F (621°C) of 60 min-
utes and a cooling rate of about 100°F (55°C) per hour

18.3.3 Holding Time. The holding time discussed in
conjunction with hold temperature cannot be drastically
changed. Thus, if metallurgical considerations require a
different holding time, an exothermic system should not
be selected.

18.3.4 Cooling Rate. While it is possible to slightly
adjust the cooling rate, extreme modifications are not
possible. Thus, the exothermic system should not be used
if cooling rates of less than 100°F (55°C) per hour have
been specified. In addition, it is impossible to use the
exothermic system for a two-step cooling procedure re-
quired for some alloys, e.g., slow cooling to 1000°F
(540°C), followed by rapid cooling to 600°F (316°C).
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18.3.5 Wall Thickness and Pipe Diameter. Since the
mass of the exothermic system must be designed for the
mass of steel to be heated, the wall thickness of the
pieces to be treated must be carefully determined before
establishing the heat treatment requirements.

18.3.6 Joint Geometry. The type of joint also impacts
the amount of heat required. For example, a slip-on
flange, as shown in Figure 17, requires more heat than
would a butt weld between two pipe sections of similar
thickness.

18.4 Suggestions for Setup. The following suggestions
are intended to help an operator faced with the necessity
of setting up an exothermic heating installation.

18.4.1 Equipment and Materials. The following
equipment and materials constitute what is considered to
be the minimum recommended for effective exothermic
heating:

(1) Properly selected exothermic kit.

(2) Fuse and ignition source.

(3) Thermocouples and extension wire (see 7.2 and
7.3).

(4) A calibrated temperature recorder (see 7.4).

(5) Suitable insulation (see 8.2).

(6) Ducting as necessary to vent the fumes.

18.4.2 Temperature Measurement. This and any
heating process should be held to the same standards.
Those standards are to insure that the required tempera-
tures are attained with the controls necessary to meet the
objectives of the heating operation. It is recommended
that thermocouples, as described in Section 8, be at-
tached to the outside surface of the casing to monitor
temperature. It is recognized that current practices may
not be to use thermocouples with exothermic heating.

18.5 Relative Advantages and Disadvantages of Exo-
thermic Heating. The relative advantages of exothermic
heating are as follows:

(1) No capital equipment cost.

(2) An operator may not be required during heat
treating.

(3) Maximum portability.

(4) Very easy to install and use.

The relative disadvantages of exothermic heating are
as follows:

(1) No adjustment possible once heat treatment is
initiated.

(2) Limited flexibility for meeting some code and en-
gineering requirements for heating rate, holding time,
and cooling rate.

(3) Limited availability of exothermic systems.

(4) Fumes generated during operation.
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19. Gas-Flame Generated Infrared
Heating

19.1 General. This method relies upon radiation as the
principal mechanism for transferring heat from the
source to the pipe. Fuel gas is burned with air in a spe-
cially designed burner which then radiates the energy to
the pipe.

This process is applicable for bake-out, postheating
and PWHT and has limited applicability to preheat/inter-
pass heating.

19.2 Fundamentals. Infrared radiation is generated by
all hot bodies and is electromagnetic in character, just as
are light and radio waves. Some wavelengths are more
effective in actual heating than others. Wavelengths in
the range of 2.0-6.0 um appear to be most effective.

Since infrared energy behaves just as light does, its in-
tensity falls off as the square of the distance between the
emitter and the receiver. In addition, when the electro-
magnetic energy strikes a body, part is absorbed and part
is reflected. Any surface modification to metals such as
polish, scale, rust, and so forth, varies the reflectivity
and, therefore, the absorption.

Finally, since the process is one of radiation transmis-
sion, the area of the receiver which “sees” the transmitter
should be as effectively disposed as possible, and losses
due to stray radiation should be kept to a minimum.

19.3 Burner Arrangement. Gas-flame generated infra-
red burners can be flat-faced or contoured to match the
shape of the part to be heated. For larger diameter parts,
it is possible to use multiple flat-faced burners to approx-
imately match the part contour.

19.4 Process Control. One of the significant virtues of
gas-flame generated infrared energy is its ease of control
and application. Because of the electromagnetic nature
of the heat, it is transmitted from the source to the pipe
surface instantaneously. Heat transmitted is determined
by the distance between the heat source and the part being
heated and by the volume of fuel generating the heat.
Therefore, the only control required is that of regulating
the gas flow because the distance is generally constant
for a given application. Controllers for automatic regula-
tion are available.

19.5 Sheltering of Thermocouples. Due to radiant heat
transfer, it is important that thermocouples be covered
with insulating putty to “shelter” them from the radiant
energy. However, the amount of putty should be limited
to prevent blocking too large an area from radiant heat
transfer. It is expected that concerns regarding the need
to “shelter” thermocouples will be eliminated for
thermocouples directly attached by capacitor discharge
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welding. See Section 8 for recommendations regarding
thermocouples.

19.6 Suggestions for Setup. The following suggestions
are intended to help an operator faced with the necessity
of setting up a gas-flame generated infrared heating
installation.

19.6.1 Equipment and Materials. The following
equipment and materials constitute what is considered to
be the minimum recommended for effective gas-flame
generated infrared heating:

(1) Burners matched for the pipe size to be heated.

(2) Temperature controllers for closed loop feedback
control from thermocouples.

(3) Adequate fuel and air or oxygen supplies.

(4) Hoses of sufficient length to provide fuel and
air/oxygen to the furnace.

(5) Thermocouples and extension wire (see 7.2 and
7.3).

(6) A calibrated temperature recorder (see 7.4).

19.7 Relative Advantages and Disadvantages of Gas-
Flame Generated Infrared Heating. The advantages of
gas-flame generated infrared heating are as follows:

(1) Fast response time. This method will generally
allow heating at rates limited only by the need to reduce
the through-thickness temperature differential in the pipe
itself.

(2) Use of relatively economical fuel.

(3) Fast cool down. Little or no extra mass is brought
to temperature. Thus, the part or work can cool as fast as
its own heat capacity and thermal conductivity will al-
low, provided the procedure specification permits such
rapid cooling.

(4) Quick turn-around. The expeditious setup af-
forded by equipment designed for specific pipe sizes
coupled with rapid heating and cooling enable quick
turn-around.

The disadvantages of gas-flame generated infrared
heating are as follows:

(1) Initial equipment cost is high.

(2) Separate “furnaces” must either be fabricated or
available for each pipe diameter.

(3) Equipment cannot be left in place during welding
operations.

(4) Care must be exercised to avoid overheating the
surface layer of the part due to the rapid rates of heating
which are possible.

20. Radiant Heating by Quartz
Lamps

20.1 General. This method relies upon radiation as the
principal mechanism for transferring heat from the heat



source to the work and is similar to gas flame infrared.
Electrical quartz lamps radiate the energy to the work.
This method can provide for accurate control of time and
temperature.

The quartz lamp heating elements are usually located
outside the pipe itself. The heat is radiated to the outside
surface of the pipe and is conducted through the pipe
thickness. Thermocouple temperature measurements are
required to actuate a feedback control system.

The process is clean in the sense that no products of
combustion are available to react with or contaminate the
surface. There is no odor, and little waste heat, and thus,
no need for forced ventilation of the working area to
achieve operator comfort.

This process is applicable for bake-out, postheating
and PWHT and has limited applicability for preheat/
interpass heating.

20.2 Description of the Heating Method. Radiant heat-
ing by quartz lamps is a process, which uses electric cur-
rent to heat a tungsten electrode to a temperature high
enough to emit infrared waves. This temperature is in the
range from 4000°-5400°F (2200°-3000°C).

The quartz lamp device is designed to encapsulate the
tungsten wire with argon in an envelope of quartz. The
filament electrical characteristics are such that voltages
of 120, 240, or 480 V can be applied. Lamps range in
length from 2-38 in. (50-970 mm), with the most fre-
quent lengths, for purposes of local PWHT, being in the
range of 5-10 in. (130-250 mm). Thus, a 10 in.
(250 mm) lamp might have a voltage of 240 V, or
24 V/in. (0.94 V/mm) and be conducting a filament cur-
rent of four to eight amperes. This gives an input power
density of 0.1-0.2 kW/in. (3.9-7.9 W/mm) of lamp. The
lamps can also be used at twice “rated” voltage at lower
duty cycles for higher temperature applications. This
gives approximately 2.7 times rated power output. How-
ever, the lower power level is adequate for most PWHT
applications and will give appreciably longer lamp life.
The quartz tube passes the infrared radiation with an effi-
ciency of approximately 86 percent.

A second important part of the apparatus is the reflec-
tor, which redirects the heat, which is radiated in all di-
rections, focusing it toward the work. Infrared radiation
is not converted to heat until it strikes an absorbing sur-
face. Metallic reflectors are chosen to be reflective rather
than absorbent. Heat, which starts in the wrong direction,
is channeled properly by reflectors, as indicated in Figure
18, and strikes the work material. The process is aided if
the work material is not too reflective. That is, the reflec-
tor should reflect or reradiate; the work should absorb.
Ceramic reflectors depend on reflection plus re-radiation.
The lower reflectivity of ceramic reflectors causes a tem-
perature increase, but low thermal conductivity keeps the
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REFLECTOR

WORKPIECE

Figure 18—Relative Position of Quartz
Filament, Reflector, and Workpiece

surface temperature high so that the energy is directed
back toward the work piece by re-radiation.

The usual alignment of equipment for heating of a
pipe would be to arrange a sufficient number of these fil-
ament-reflector units around the circumference of the
pipe. The filaments would be aligned parallel to the pipe
axis, so that side by side reflectors approximately 1 to 2
in. (25 to 50 mm) away from the pipe outer surface com-
pletely fill that circle. This is shown in Figure 19.

The third fundamental element of the system is
temperature sensing and feedback control. Quartz lamp
radiant heaters have the potential for very rapid heating
and cooling. Without careful sensing and control, steep
thermal gradients and detrimental overheating can be
experienced. Thus, properly installed and protected
thermocouples and programmed time-temperature de-
vices are desired for overall control. Life of the devices
depends to a great extent on protecting them from
overheating.

Reflectors, quartz lamps themselves, and the ‘“end
seals,” that is, the electrical connections to the lamps at
either end, are all sensitive to overheating. This requires
proper selection of the cooling medium and design of the
overall device for cooling.

20.3 Heater. The radiant heater consists of quartz lamps
and reflectors.
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Figure 19—*“Infrared Furnace”
of Quartz Lamp Reflector Units
Clam-Shelled or Assembled

20.3.1 Quartz Lamps. Table 15 describes length,
electrical characteristics and power output for the lamps
commonly used for local heating. Suppliers should be
consulted prior to final selection of lamps for specific ap-
plications. Quartz lamps come in two basic designs: the
simple tungsten filament and the iodine cycle lamp. The
latter, as noted in Table 15, has a higher power output per
length of lamp and is used primarily for more concen-
trated heating tasks than those of concern in this docu-
ment. If the end seals experience temperatures greater
than 650°F (345°C), high temperature seals should be
specified.

At rated power output, lamps should have a life of ap-
proximately 3000 “on” hours or several hundred typical
four-hour thermal cycles. A modulated current control
system will extend the life of lamps when compared to
an on-off control system.

20.3.2 Reflectors. Reflectors are available in ceramic,
gold, or polished aluminum. Gold is generally reserved
for applications requiring higher temperatures than those

Around a Pipe encountered in local heating of welds. For the latter,
Table 15
Typical Quartz Lamps
Lighted Length Power Density
in. (mm) Rated Volts, V Power, W W/in. (W/mm)
Tungsten Filament Lamps

5 127) 120 500 100 “4)

6 (152) 144 1200 200 8)
10 (254) 240 1000 100 “4)
10 (254) 240 2000 200 8)
16 (406) 240 1600 100 “4)

13-3/4 (349) 384 3200 230 )
Iodide Cycle Lamps

2-172 (63) 120 1000 400 (16)

3 (76) 120 500 170 (6.6)

6 (152) 208 1250 210 (8.2)

9-3/4 (248) 480 6000 620 24)

Note: These lamps can be used with any of a variety of reflectors, and the reflector package may or may not be designed to accommodate circulating
water or gas flow cooling, to make a heating unit with the desired temperature-time capability for the work load.
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aluminum or ceramic is adequate. The advantage of the
ceramic reflector is that, although its initial efficiency is
somewhat lower than metal reflectors, the efficiency
remains constant throughout service. If the ceramic is
dulled, exposing it to high temperature to drive off any
condensed contamination can rehabilitate it. This will
happen to some extent in normal operation, giving the
ceramic a stabilizing, self-cleaning feature. The alumi-
num reflector should have an efficiency of up to 95% de-
pending primarily on cleanliness and polish. The ceramic
has an efficiency of 90%.

The metal reflectors, particularly aluminum, will gen-
erally require some cooling, either water or forced gas.
This adds to the complexity of the setup. Air used to cool
reflectors can cool the pipe if it is not protected. Ceramic
reflectors may be used without cooling.

20.4 Thermal Cycle Control. The primary method for
measuring temperature as an input to the feedback con-
trol is a thermocouple. The method for attaching the ther-
mocouple is described in 7.5 and 7.8. The thermocouple
should be protected from direct radiation from the lamps.
Concerns regarding the need to protect thermocouples
from direct radiation will be eliminated for thermocou-
ples directly attached by capacitor discharge welding.
The temperature signal from the thermocouple is com-
pared to a desired signal and the lamp power input is
varied accordingly. Control devices can be as simple as
on-off, but the preferred method adjusts power to match
the actual versus desired temperature differential to con-
trol heating rate, hold time, and cooling rate. This would
include a variable reactance or proportional voltage con-
trol feature, similar to temperature controls used on a
permanent furnace. In a sense, one builds a furnace
around a pipe for radiant quartz lamp heating.

20.5 Effect of Work Surface Condition. As indicated
previously, the work must be an infrared absorber rather
than an efficient reflector. Thus, blackening the surfaces
will enhance efficiency of the radiant process. Variations
in blackness or reflectivity are the primary reason for the
requirement for feedback control for each PWHT cycle.

Variations in piping surface condition can be ex-
pected. Therefore, a repetition of the same power-time
cycle will not necessarily produce the same temperature-
time cycle. A difference in heating rates can be experi-
enced when comparing an oxidized with a non-oxidized
surface. The oxidized material, being a more efficient ab-
sorber, heats appreciably faster. Oxidation, which occurs
during the PWHT cycle, assists the thermal efficiency of
the procedure.

20.6 Suggestions for Setup. The following suggestions
are intended to help an operator faced with the necessity
of setting up a quartz lamp infrared heating installation.
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20.6.1 Equipment and Materials. The following
equipment and materials constitute what is considered to
be the minimum recommended for effective quartz lamp
infrared heating:

(1) Specific quartz lamp(s) for the pipe size to be
heated.

(2) Adequate electric power supply.

(3) Temperature controllers for closed loop feedback
control from thermocouples.

(4) Cables to bring power from the supply to the
lamp(s).

(5) Thermocouples and extension wire (see 7.2 and
7.3).

(6) A calibrated temperature recorder (see 7.4).

20.7 Relative Advantages and Disadvantages of
Quartz Lamp Radiant Heating. The relative advan-
tages of quartz lamp radiant heating are as follows:

(1) Fast response time. This method will generally
allow heating at rates limited only by the need to reduce
the through-thickness temperature differential in the pipe
itself.

(2) Efficiency. Quartz lamp and reflector efficiencies
are both quite high. Most of the heat goes into the work.

(3) Cleanliness. No combustion products are brought
in contact with the work. Inert gas may be flushed
through the work area during heating. Operator comfort
is high since waste heat is low.

(4) Fast cool down. Little or no extra mass is brought
to temperature. Thus, the part or work can cool as fast as
its own heat capacity and thermal conductivity will al-
low, provided the procedure specification permits such
rapid cooling.

(5) Quick turn-around. An established procedure can
be performed with expeditious set up and processing.

The disadvantages of quartz lamp radiant heating are
as follows:

(1) Initial equipment cost is high.

(2) Quartz lamps are fragile and sensitive to contami-
nation. They must be kept clean and protected from
rough handling.

(3) Separate “furnaces” must either be fabricated or
available for each pipe diameter. However, this can be
nullified by using a single large size furnace, or by using
lamp units as building blocks.

(4) Equipment cannot be left in place during welding
operations.
(5) Care must be exercised to avoid overheating the

surface layer of the part due to the rapid rates of heating
which are possible.
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21. Comparison of Heating Processes

No one local heating process is superior for all appli-
cations. The process best suited to any given job depends
upon the circumstances. In certain situations, it may even
be desirable to use several processes together. Table 16
briefly summarizes important aspects of the heating pro-
cesses discussed in Sections 15 to 20 and indicates their
applicability for bake-out, preheat/interpass heating,
postheating, and PWHT. In addition to the processes dis-
cussed in Sections 15 to 20, high velocity gas combus-
tion is a heating process that offers many advantages for
large diameter pipe or pressure vessels. Detailed infor-
mation regarding the use of high velocity gas combustion
has been reported (Reference 29) elsewhere.

22. Safety and Health

Proper safety precautions should be taken while con-
ducting all heating operations. Recommended personnel
protection equipment, handling and disposal require-

ments, which are specified on the applicable material
safety data sheet (MSDS) for insulation, should be
followed. See 9.2 for a more complete discussion of
insulation fiber respirabiltiy issues. Barriers should be
provided to prevent unsuspecting personnel from con-
tacting hot parts, which could cause burns. The relatively
high voltages used for some methods of heating require
suitable precautions to be taken by operating personnel
and provisions to ensure that there are no bare parts of
electrical circuits exposed for personnel to contact.

These recommended practices may involve hazardous
materials, operations, and equipment. Reference to ANSI
749.1, Safety in Welding, Cutting, and Allied Process
(available from the American Welding Society), AWS
Safety and Health Fact Sheets along with the applicable
MSDS, is strongly recommended so as to be aware of
health and safety precautions associated with the materi-
als and processes discussed in this document.

The following sections provide information about

common hazards associated with heating operations and
include the consequences and how to avoid them.

Table 16
Comparison of Heating Processes
Electric Gas Quartz
Attribute Induction Resistance Flame Exothermic Infrared Infrared
Applicability to bake-out Yes Yes Limited Very Yes Yes
Limited
Applicability to preheat/interpass Yes Yes Yes No Limited Limited
Applicability to postheating Yes Yes Limited Very Yes Yes
Limited
Applicability to PWHT Yes Yes No Very Yes Yes
Limited
Main Advantages A,B C,D E,F E,F A,F A,F
Main Disadvantages G,H, 1 J K L,M,N GLO G, 1LO,P
Key to Advantages:
A = high heating rates
B = ability to heat a narrow band adjacent to a region which has temperature restrictions
C = ability to continuously maintain heat from welding operation to PWHT
D = good ability to vary heat around the circumference
E = low initial equipment cost
F = good portability and ease of setup

Key to Disadvantages:

high initial equipment cost

equipment large and less portable

limited ability to create control zones around the circumference
elements may burn out or arc during heating

minimal precision, repeatability, and temperature uniformity
no adjustment possible once started

limited ability to vary heating rate, hold time and cooling rate
available systems currently limited to one weld configuration
separate equipment required for each diameter

equipment is fragile and sensitive to rough handling

TOZZOR==IO
| 1 | A | I | R 1



22.1 Noise. Noise may result from the process, power
source or other equipment. Engine-driven generators
may be quite noisy. Excessive noise is a known health
hazard.

22.1.1 Effect of Overexposure to Noise

* Loss of hearing that is either full, partial, temporary,
or permanent.

* Noise can cause accidents and create stress that can
affect your physical, mental well-being and other
bodily functions and behavior.

22.1.2 How To Protect Against Noise

* Reduce the intensity and shield the source where
practical.

* Use engineering control methods, such as room
acoustics, to control noise.

» If engineering methods do not drop the noise to ac-
ceptable levels, wear personal protective devices such
as ear muffs or ear plugs appropriate for the situation.

* Follow OSHA regulations which require a Hearing
Conservation Program if noise levels reach 85 dB on
an 8 hour, Time Weighted Average (TWA) basis.

» If noise level is questionable, have a certified safety
specialist or Industrial Hygienist take measurements
and make recommendations.

22.2 Electrical Hazards. Electric shock can kill, cause
severe burns, and cause serious injury if falling happens
because of the shock.

22.2.1 How to Avoid Electric Shocks. Use proper
precautionary measures, recommended safe practices,
and train personnel to avoid injuries, fatalities, and elec-
trical accidents as follows:

* Read the instruction manual before installing, operat-
ing, or servicing the equipment.

* Have all installation, operation, maintenance, and re-
pair work performed only by qualified people. Prop-
erly install and ground the equipment according to
the instruction manual and national, state, and local
codes.

* Do not touch live electrical parts.

*  Wear dry, insulated gloves in good condition and pro-
tective clothing.

* Insulate yourself from the workpiece and ground by
wearing dry gloves, rubber soled shoes or standing on
a dry insulated mat or platform.

* Do not use worn, damaged, undersized or poorly
spliced cables. Make sure all connections are tight,
clean and dry.

* Do not wrap cables carrying current around your
body.

» Ground workpiece if required by codes.

» If required, ground the workpiece to a good electrical

65

AWS D10.10/D10.10M:1999 (R2009)

earth ground. The work lead is not a ground lead. Use
a separate connection to ground the workpiece to
earth.

* Wear a safety harness to prevent falling if working
above floor level where there are no other protective
measures such as railings, walls, guard fences, or the
like.

* Turn off all equipment when not in use. Disconnect
the power to equipment if it will be left unattended or
out of service.

» Disconnect the input power or stop the engine before
installing or servicing the equipment.

* Lock the input disconnect switch open, or remove line
fuses so power cannot be turned on accidentally.

* Use only well maintained equipment. Repair or re-
place damaged parts before further use.

» Keep all covers in place.

» Follow lockout out procedures as required be OSHA.

22.2.2 How to Treat for Electric Shock

* Turn off the power.

* Use nonconducting materials, such as wood, to pull
the victim from the live contact.

o If the victim is not breathing, give cardiopulmonary
resuscitation (CPR) after breaking contact with the
electrical source.

* Call a physician and continue CPR until breathing
starts, or until a physician has arrived.

* Treat electrical burn as a thermal burn by applying
clean, cold (iced) compresses.

* Prevent contamination and cover the burn with a
clean, dry dressing.

22.3 Fire and Explosion Prevention. Hot work surfaces
can cause fire or explosion if precautionary measures are
not followed.

22.3.1 Typical Combustible Materials and Conditions

* Parts of buildings such as floors, partitions, and roofs.

* Contents of the buildings such as wood, paper, cloth-
ing, plastics, chemicals, and flammable liquids and
gases.

* QOutdoor combustible materials include dry leaves,
grass, and brush.

» Explosions may occur when performed in spaces con-
taining flammable gases, vapors, liquids, or dusts.

22.3.2 How to Prevent Fires

* Remove any combustible material from the work area.

* Where possible, move the work to a location well
away from combustible materials.

 If relocation is not possible, protect combustibles with
a cover of fire resistant material.

* Remove or make safe all combustible materials for a
radius of 10 meters (33 feet) around the work area.
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Use a fire resistant material to cover or block all open
doorways, windows, cracks, and other openings.

If possible, enclose the work area with portable fire
resistant screens.

Protect combustible walls, ceilings, and floors from
sparks and heat with fire resistant covers.

If working on a metal wall or ceiling, prevent ignition
of combustibles on the other side by moving the com-
bustibles to a safe location.

If relocation of combustibles cannot be done, desig-
nate someone to serve as a fire watch, equipped with a
fire extinguisher, during the welding operation and for
one half-hour after welding is completed.

Do not heat material having a combustible coating
or combustible internal structure, as in walls or ceil-
ings, without an approved method for eliminating the
hazard.

Keep a charged fire extinguisher nearby and know
how to use it.

After heating, make a thorough examination for evi-
dence of fire. Remember that easily visible smoke or
flame may not be present for some time after the fire
has started.

Be aware that overloading and improper sizing can
cause overheating of electrical equipment.

Be sure all electrical equipment and wiring are
installed properly and have recommended circuit
protection.

Be sure the work cable is connected to the work as
close to the welding area as practical. Work cables
connected to the building framework or other loca-
tions some distance from the welding area increase
the possibility of the welding current passing through
lifting chains, crane cables, or other alternate circuits,
This can create fire hazards or overheat lifting chains
or cables until they fail.

Do not heat in atmospheres containing dangerously
reactive or flammable gases, vapors, liquids, or dust.
Do not apply heat to a container that has held an un-
known substance or a combustible material whose
contents, when heated, can produce flammable or ex-
plosive vapors.

Do not apply heat to a workpiece covered by an un-
known substance or whose coating can produce flam-
mable, toxic, or reactive vapors when heated.

Develop adequate procedures and use proper equip-
ment used to do the job safely.

Provide adequate ventilation in work areas to prevent
accumulation of flammable gases, vapors, or dusts.
Clean and purge containers before applying heat.
Vent closed containers before preheating, welding, or
cutting. Venting prevents the buildup of pressure and
possible explosion due to the heating and the resultant
expansion of gases.
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22.4 Burn Protection. The workpiece and equipment get
hot.

22.4.1 How to Prevent Burns

* Wear dry hole-free insulating gloves.

* Touching hot equipment can cause burns—always
wear insulated gloves or allow a cooling period when
touching these and any associated parts of equipment
that are near the actual heating operation.

* Wear oil-free protective garments such as leather
gloves, heavy shirt, cuffless pants, high shoes, and a
cap.

* Wear high top shoes or leather leggings and fire resis-
tant boots.

* Use approved helmets or hand shields that provide
protection for the face, neck, and ears, and wear a
head covering to protect the head.

» Keep clothing free of grease and oil.

* Remove any combustibles, such as a butane lighter or
matches, from your person before doing any heating.

» If combustible substances spill on clothing, change to
clean fire resistant clothing before heating.

* Do not attempt to repair or disconnect electrical
equipment under load. Disconnecting under load pro-
duces arcing of the contacts an may cause burns or
shocks.

22.4.2 How to Protect Others From Burns

* Use noncombustible screens or barriers to protect
nearby persons or watchers.

* Mark hot work pieces to alert other persons of the
burn and fire hazards.

e If the job requires several persons, have all wear
proper protective gear and follow all required
procedures.

22.5 Tripping and Falling. Heating operations take
place in a variety of locations under many different con-
ditions. Heating can occur is shops and factories on the
floor level, on high steel in skyscraper construction, in
pits, vats, mine, tanks, ship compartments, and literally
everywhere that metals are joined or cut.

22.5.1 Causes of Tripping and Falling

* Poor housekeeping of materials, equipment, hoses,
and tools.

» Scattered parts and pieces either left over or waiting
for use.

* Failure to use approved safety belts and harnesses or
incorrect use of them when working above floor level.

* Electrical shock from faulty equipment.

* Sudden loud noises or shouts.



* Incorrect or improperly used or installed safety equip-
ment such as ladders, guard rails, scaffolds, and nets.

* Failure to wear proper protective wear, such as skid-
resistant soles on shoes, to meet the needs of the job.

* Horseplay or unsafe actions, such as tossing tools
to each other or bumping someone in a precarious
position

» Restricted vision caused by needed safety gear such a
welding helmets and safety goggles.

e Failure to understand the hazards, such as toxic
fumes, when entering a pit, tank, or component.

22.5.2 How to Prevent Tripping and Falling

* Be alert, awake and concentrated about the job and
the work area; notice any changing condition; stay fo-
cused—do not let yourself or others be preoccupied or
woozy on the job.

e Wear and use only the correct, approved equipment
for the specific job; be sure it is properly installed and
used.

* Do not carry things that obstruct your view or that
upset your balance.

* Prohibit horseplay on the job.

» Follow all standard safe practices required by your
employer.

» Keep the work are clean and neat—ask your super-
visor for help if this is a problem.

* Do not take chances or unnecessary risks—such ac-
tions can cause accidents.

22.6 Falling Objects. Heating operations often take
place in areas where falling objects may be present. Fall-
ing objects may seriously injure or kill. Falling objects
are common problems on construction and demolition
sites of all kinds, from buildings to bridges and during
maintenance work.

22.6.1 How to Protect Against Falling Objects

e Wear approved head and foot protection.

* Be alert and aware of your total work environment
and any possible overhead objects before you start
working.

* Place a safety net or equivalent placed below over-
head work.

» Follow safe work practices when working below over-
head activities.

* Notify others of overhead work and any changing job
conditions.

* Post areas where falling objects are a hazard.

22.6.2 How to Prevent Falling Objects

* Be certain that material being welded or cut is secured
from falling.

* Do not permit loose objects near the edge of overhead
structures.
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Cover floor and wall openings.

Use toe boards with guardrails.

Do not kick, throw, or push anything off overhead
structures—this includes electrode stubs and scrap
metal.

Do not create falling objects for others—be alert to all
your actions.

22.7 Confined Spaces. Many different places require
heating work. Some of these places lack room and be-
come “confined spaces.” Confined spaces have the fol-
lowing characteristics:

Limited space entry or exit, or
Poor ventilation—lack of safe breathing air and possi-
ble buildup of hazardous gases, fumes, and particulates.

22.7.1 Examples of Confined Spaces

Small rooms

Process vessels

Pits

Tunnels

Vats

Reactor vessels

Underground utility vaults
Unventilated corners of a room
Storage tanks

Pipelines

Sewers

Silos

Degreasers

Boilers

Compartments of ships
Ventilation and exhaust ducts.

22.7.2 Reasons for Deaths and Serious Injuries

from Welding in Confined Spaces

Fire

Electric shock

Explosions

Asphyxiation

Exposure to hazardous air contaminants.

22.7.3 Actions Required Before Approving Start of

Work in a Confined Space

Open all covers and secure them from closing.

Test the atmosphere of the confined space for (1) suit-
able oxygen content, (2) no combustibles or reactives,
(3) no toxics. Note: The testing requires special equip-
ment and training.

Isolate lines by capping or double valving and vent-
ing, if feasible—keep vents open and valves leak-free.
Lock out all systems not required during heating.
Provide means for readily turning off power, gas and
other supplies from outside the confined space.
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* Protect or remove any hazardous materials or material
which may become a physical or health risk when
heated.

22.7.4 Required Actions During Work in a Con-
fined Space

* Continually ventilate and monitor the space to ensure
safe conditions that fumes and gases do not exceed
safe exposure limits as found in OHSA Occupational
Safety and Health Administration. Regulations. Title
29, CFR Part 1910, 1000.

* Use NIOSH/MSHA (Mines Bureau of Safety and
Health Administration) approved breathing apparatus
when proper ventilation cannot be provided or when
the material being welded or heated has such toxicity
as to require this type of apparatus either by code, in-
struction, or good practice.

* Keep unnecessary persons and nonessential equip-
ment out of and away from the confined space.

* Do not allow equipment to block exit or possible res-
cue efforts.

* Place as much equipment as possible outside the con-
fined space.

* Do not go into a confined space unless a watchperson,
properly equipped and trained for rescue, is outside
and maintaining continuous communications with
worker inside.

* Provide means for turning off power gases and fuel
from inside the confined space, if feasible, especially
if outside turn-off means is not provided, feasible, or
certain.

22.8 Electric and Magnetic Fields (EMF). Electric and
magnetic fields are often referred to as “electromagnetic
fields,” or EMF. There is concern that EMF may affect
your health.

22.8.1 How Is EMF Produced? Voltage is the differ-
ence in electric potential between two points. This volt-
age creates an electric field between those points. Now
suppose that an electric connection is made between
those two points, so that there is an electric current. This
current produces a magnetic field. Magnetic fields occur
whenever there is current flow.

22.8.2 What Does EMF Do? EMF produces forces
that drive most of the devices that we use every day.
EMF is involved in lighting our homes and starting our
cars, for example.

22.8.3 Is EMF Harmful? Many scientific tests have
been and are still being conducted by governmental and
private agencies to determine if EMF is harmful to our
health. Most studies to date indicate that there is no evi-
dence of significant health problems from EMF.
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22.8.4 How Do I Minimize Exposure?

* Route cables on the same side of your body.

* Route the cables close together. Secure them with tape
when possible.

» Connect the work cable to the workpiece as close to
the weld as possible.

» Keep the power source and cables as far away from
your body as possible.

* Never coil the work cable around your body.

22.9 Lockout/Tagout. Sometimes work must be per-
formed on equipment, pipelines, and machinery that may
contain moving parts, pressurized gases or liquids, elec-
trical energy, or other hazards. Contact with any of these
may result in injury or death.

22.9.1 Definitions. “Lockout” means to install a lock-
ing device that keeps the switch, valve, or other mecha-
nism from being turned on or opened. “Tagout” means to
put a tag on the locking device. The tag indicates DAN-
GER or WARNING, along with a brief message. It has a
place to put the date and person’s name who locked out
the equipment so that he or she may be easily found or
notified.

22.9.2 Steps to Follow

* Train employees in the purpose and methods of lock-
out/tagout.

* Inform the job supervisor about the proposed work,
and obtain permission to lockout and tagout the
equipment.

* Shut down the equipment.

* Place locks and tags on the switches and valves to pre-
vent their use. Note: If more than one person is per-
forming work on the equipment, it is recommended
that they have their own locks and tags on the lockout
point.

* Have the operator try to start the equipment or open
the valves. If the equipment and valves are not opera-
ble, proceed to the next step. If they are operable,
check where the locks should be placed or, if needed,
place additional locks to ensure that equipment or
valves are not operable. Check the equipment or
valves for operation again.

» Start the work. If the employees’ shift ends before the
work is completed, they must remove their locks and
the next shift’s employees must install their locks be-
fore continuing the work and before the previous
shift’s locks are removed.

* When the work is completed, ensure that all employ-
ees are clear before removing the locks and tags, ener-
gizing equipment, or opening valves.
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Annex A (Informative)

Discussion of Issues and Recommendations
Regarding the Heated Band

This annex is not part of AWS D10.10/D10.10M:1999 (R2009), Recommended Practices for Local
Heating of Welds in Piping and Tubing, but is included for informational purposes only.

This Annex discusses the two issues, through-thick-
ness temperature gradient and induced stress, which
must be considered when determining the required
heated band width.

A1l. Through-Thickness Temperature
Gradient

Shifrin concluded (Reference Al) from experimental
work that through-thickness temperature gradients are
proportional to the width of the heated band on the sur-
face regardless of the thickness, diameter, or energy
source. He further concluded that if the heated band
width is at least 5t (where t = wall thickness of the pipe)
on the outside surface, the temperature on the outside
surface at an axial distance of “t” from the centerline of
the weld will be approximately the same as that on the
inner surface at the root of the weld.

In the decades since it was published, the Shifrin work
(or variations on it) has served as the basis for the major-
ity of standard practice with regard to heated band width
for local heating, as it relates to the attainment of mini-
mum temperature within the soak band. For example, an
approach has been to specify the heated band width as
the sum of the soak band width plus 2.5t on either side of
the soak band. This type of approach is still widely used
today. However, concerns have been expressed (Refer-
ence A2) that the 5t width is not sufficient, especially as
the internal radius increases with no internal insulation.

Hill has reported (Reference A3) on the effect of the
heated band width on the PWHT soak band temperature
achieved at the 6:00 position on the inner surface for
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6.625 in. (168 mm), 12 in. (305 mm), and 18 in. (457 mm)
diameter pipes oriented horizontally. It was suggested
that an empirically derived ratio, H;, be used to establish
a relationship between the heat flow from the heat source
and heat losses due to conduction through the wall and
radiation and convection from the inner surface. Equa-
tion (A1) describes this empirically derived ratio. Solv-
ing Equation (A1) for the heated band width results in
Equation (A2).

(AD)

where:
A, = area of heat source on the outside surface
A, = cross sectional area of pipe wall
A; = inside surface area of soak band (assumed 4t
wide, centered on weld)

2 2
HI[M + (ID)(SB)J
Heated band width = A2
eated band wi oD (A2)
where:
H; = ratio of heat source area to heat loss area

OD= outside diameter of pipe
ID = inside diameter of pipe
SB = width of soak band

One set of conditions examined utilized a ratio of H; =
1.19, two circumferential control zones, with control
temperatures of approximately 1150°F (621°C) at the
12:00 and 6:00 positions, on an 18 in. (0.46 m) diameter,
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1 in. (25 mm) wall thickness pipe. For these conditions, a
temperature difference of 120°F (67°C) occurred be-
tween the outside top (12:00 position, centered on the
weld) and inside bottom (6:00 position, 2t from the cen-
terline of the weld). It was concluded that by sizing the
heated band such that the ratio was at least 5, a tempera-
ture difference between the top outside and bottom inside
of less than 45°F (25°C) would occur, thereby assuring
achievement of the minimum temperature, 1100°F
(593°C) throughout the thickness. It was further demon-
strated that the use of insulation on the inner surface re-
duced the temperature difference to 24°F (13°C).

It should be noted that the recommended ratio was
empirically derived. As such, it is founded upon certain
conditions inherent to the tests that lead to that recom-
mendation, such as the number of control zones, the
hold temperature, and the orientation of the pipe (i.e.,
horizontal versus vertical). For example, data is reported
for one and two zone control on an 18 in. (0.46 m) diam-
eter, 1 in. (25 mm) wall thickness pipe using a ratio of
H; = 4.81. For one zone of control, a temperature dif-
ference of 92°F (51°C) is reported between the outside
top (12:00 position, centered on the weld) and inside
bottom (6:00 position, 2t from the centerline of the
weld), while for two zones of control the difference was
70°F (39°C). It should also be noted that for this size
pipe, a minimum of three circumferential control zones
are recommended.

As the number of control zones is increased, lower
empirical H; ratios would be appropriate. With multiple
control zones it is also possible to have different control
temperatures for each zone. The use of different control
temperatures for each zone would also affect the empiri-
cally derived H; ratio. In addition, the empirically derived
H; ratio is based on a soak band size of 4t, which may be
larger than that required by the applicable fabrication
code. Therefore, the H; ratio of 5 may be conservative for
situations in which a larger number of control zones are
used and/or a smaller soak band size is required.

Murakawa and Wang have reported data (Reference
A4) that suggest the relation between AT (through-
thickness temperature difference) and the H; ratio is de-
pendent upon thickness. They also question fundamental
assumptions inherent to the ratio. Their preliminary con-
clusion for situations with one control zone is that the
ratio may be too large for small thicknesses and too small
for large thicknesses. In addition, they suggest that
a combination of techniques such as multiple circum-
ferential control zones may provide a more economical
approach.

The hold temperature also affects the empirically de-
rived H; ratio. Temperature differences between the out-
side top (12:00 position, centered on the weld) and inside
bottom (6:00 position, 2t from the centerline of the weld)
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are reported for hold temperatures between 500°—1300°F
(260°-704°C) with a ratio of H; = 2.28. The temperature
difference varied from 21°-64°F (12°-36°C) as the hold
temperature increased. This data suggests that a ratio of
H; = 2 may be appropriate for lower temperature heating
processes such as bake-out, preheating and postheating
when the temperature is below approximately 800°F
(427°C).

Although not reported in the paper (Reference A3),
the authors have also tested the use of a non-uniform
width 360-degree heated band. In these tests, it was
found (Reference AS) that a heated band at the 6:00 posi-
tion that is approximately 1.6 times as wide as that at the
12:00 position was required to generate uniform circum-
ferential temperature with one zone of control for pipe in
the horizontal position. By using such an approach,
lower H; ratios can be used to achieve the desired tem-
perature uniformity. However, as discussed in Section
A2, the effect of such a heated band on induced stresses
and distortion would also have to be considered.

Hill (Reference A3) also discusses modification of the
ratio calculation to account for insulation on the inner
surface and adjacent heat sinks (heavier wall thickness
pipe, valves, fittings, flanges, etc.). For example, when
insulation is present on the inside surface, the A; term in
Equation (A1) can be removed from the denominator of
the ratio.

As stated above, the H; ratio is empirically derived.
Therefore, its applicability to conditions (position of pip-
ing, wall thickness, temperature, number of control zones,
etc.) beyond those used in the test must be carefully ex-
amined. Fundamental assumptions inherent to the ratio
have also been questioned. Although it appears that the
H; ratio can not provide a unique solution, it does high-
light the need for the through-thickness temperature cri-
terion to account for all of the factors that contribute to
heat loss.

A2. Induced Stresses and Distortion

Efforts to address the stresses resulting from local
PWHT were first reported by Rose and Burdekin (Refer-
ences A6, A7). One basis for this work was to establish
parameters that produced approximately the same degree
of stress relaxation in the vicinity of the weld as would
be achieved in a furnace. As an approximation, the hot
yield strength (YS) of the material at PWHT temperature
was used as the target level of stress relaxation. Having
established the hot YS as an approximate target for stress
relaxation, the Rose and Burdekin work then aimed at
limiting the induced stress at the weld due to PWHT to
something less than hot YS, thereby ensuring that the in-
duced residual stress at the weld due to PWHT was no



greater than the residual stress levels that would remain
even if the PWHT were done in a furnace. As a result of
this work, a heated band width as shown in Equation (A3)
was proposed.

Heated band width =5 A/it , centered on the weld  (A3)
where:
R = inside radius

t = thickness

In addition, the axial temperature gradient was limited
by the temperature at the edge of the heated band being
no less than 1/2 the peak soak band temperature. Many in-
ternational pressure vessel and piping codes have adopted
this approach.

Concern has been expressed that a heated band size of
5.JRt may be overly conservative. For example, a sup-
plement to a German standard (Reference A8) explains
the basis for changing the heated band sizing requirement
from 5.J/Rt to 4./Rt. In summary, this supplement ex-
plains that the “run-out length” for stresses and moments
induced by local heating according to the theory of shells
is 2.83JR—t. It therefore concludes that a heated band
size of 4./Rt should provide an adequate margin of
safety.

Annex B provides a detailed discussion that is in
agreement with the German standard and previous work
(Reference A9). Annex B concludes that a minimum
heated band width in accordance with Equation (A4) can
be used to adequately control induced stresses in the soak
band for “code required” PWHT.

Minimum heated band width = SB + 4 /Rt (A4)
where:

SB = soak band width

R = pipe inside radius

t = wall thickness

This recommendation differs from international codes
and practice in that it specifies the “run-out-length” from
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the edge of the soak band instead of the weld centerline.
This approach was used to insure adequate control of
stresses throughout the soak band. The minimum width
of the recommended heated band in Equation (A4) is of
similar size to that used in international codes and prac-
tice as shown in Equation (A3). The magnitude of the
difference depends upon the difference between the
width of the soak band and Jﬁt .
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Annex B (Informative)

Discussion of Stresses Induced During
Local 360-Degree Band PWHT

This annex is not part of AWS D10.10/D10.10M:1999 (R2009), Recommended Practices for Local
Heating of Welds in Piping and Tubing, but is included for informational purposes only.

This Annex elaborates on the issues relating to
stresses induced during local 360-degree band postweld
heat treatment (PWHT) which are discussed in the rec-
ommended practice and Annex A. The discussion that
follows is intended to describe the basis for the recom-
mendations made in the recommended practice and other
documents. In particular, this Annex discusses an ap-
proach to establishing the minimum heated band width,
a means to control the axial temperature gradient by
specifying the minimum temperature at the edge of the
heated band, and the minimum gradient control band
width.

In all cases the recommendations discussed in this
Annex assume a single 360-degree band of heaters. In
addition, the arrangement of heaters and insulation are
assumed to be fully capable of providing the required
level of power and control to the component and will
achieve the desired PWHT soak band and gradient tem-
peratures. The fact that the recommendation for the min-
imum heated band width has been met does not
guarantee that the selected heater arrangement will bring
the component to PWHT temperature and maintain ade-
quate uniformity.

B1. Heated Band Width

The reader has already been introduced to the con-
cept that the magnitude of the bending stresses induced

by the heater during PWHT is dependent on the width of
the heater and the temperature profile along the pipe.
Note that the temperature profile is just as dependent on
the width of the heater as it is on insulation and environ-
mental conditions. In particular, it has been stated that
the thermally induced stresses at the weld (and under the
heater) can be minimized by using a heated band width
of at least 3 to 5 times A/ﬁt . This recommended practice
suggests that in order to address concerns about induced
stresses the minimum heated band (heater) width be
4 /Rt plus the width of the soak band. This recommen-
dation minimizes the stresses induced by the heat trans-
fer discontinuity at the edge of the heater and the
stresses induced by the shape of the temperature profile
under the heater and to a lesser extent in the gradient
control band.

The parameterJR—t appears in various international
codes and is further emphasized in the work of Timosh-
enko (Reference B1), Rose (Reference B2), Burdekin
(Reference B3), and others on cylindrical shells sub-
jected to axisymmetric thermal loading.

The following discussion attempts to simplify and
clarify the basic mechanisms that drive the complicated
problem of thermally induced stresses in an axisym-
metrically loaded cylindrical shell. In this and all further
discussions (unless otherwise specified), the weld is
assumed to be at the center of the heater and is narrow.
The application of these concepts to a finite width weld
and heat-affected area will follow in a summary of this
section.
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List of Symbols
the piping inside radius,
t the piping thickness,
1 the heated half band width,
E modulus of elasticity,
o coefficient of thermal expansion,
X axial distance from the weld centerline,
w  displacement of the piping, (positive inward),
T(x) the temperature distribution along the axis of the
cylinder,
O, bending stress,
V) Poisson’s ratio,
v=03

Et’

D = e
12(1-v°)
geo Bt _3(1-v)
4DR’ R

B1.1 Thermal Stresses Induced by the Heater Edge
Flux Gradient Discontinuity. A fundamental character-
istic of any system heating a pipe by means of a finite
width heat source are the bending stresses that are in-
duced from the thermal heat transfer (flux gradient) dis-
continuity at the edges of the heat source. These stresses
are manifested as thermally induced moments and shear

forces in the pipe at the edges of the heater. The magni-
tude of these moments and shear forces is dependent on
the size of the flux gradient discontinuity and the temper-
ature profile on either side of the heater edges.

The stresses introduced in a cylinder by concentrated
moments and shear loads are well understood and the
character of the stress solution is independent of whether
or not the loading mechanism is mechanical or thermal.
Since the resultant stresses are self-equilibrating, they are
local in nature and die out rather quickly. The local char-
acter of the bending stresses caused by a concentrated
moment are proportional to the function given by Equa-
tion (B1), as is the bending component of the heater flux
gradient discontinuity stresses. The decay functions for
concentrated shear loads and other boundary conditions
are similar and have the same decay rate (Timoshenko
[Reference B1]).

o(Bx) = eP[cos(Bx) + sin(Bx)] (B1)

The constant  is dependent on the pipe’s geometry
and material properties. The derivation of Equation (B1)
and its relationship to the discontinuity stresses is omit-
ted to limit this discussion to the essential points.

Equation (B1) is plotted in Figure B.1 and may be in-
terpreted as follows. Consider the plot to be proportional
to the bending stress distribution induced in a pipe by a
concentrated axisymmetric bending moment (or the
bending effect caused by the edge effect at a single end

0.8 \
0.6

o(Bx)

\

SN

0.0 N~

Figure B.1—Bending Stress Decay as a Function of px,
Where x is the Distance from the Edge of the Heater to the Centerline of the Weld



of a heater) as a function of distance from the applied
bending moment. In this case the axis coordinate zero is
the location of the applied bending and the axis repre-
sents distance along the axis of the pipe from the same
point, e.g., toward the weld. Two important factors make
this figure different in character from that which a heater
would cause. First, Figure B.1 does not include the effect
of bending stresses caused by the opposite edge of the
heater. Second, the effect of simultaneously occurring
shear loads is not considered. Both of these omissions
are considered in a subsequent and more detailed treat-
ment in this Annex. The opposite heater edge bending
moment is treated by reflecting Figure B.1 about the or-
dinate axis, separating the two edges by the appropriate
heater width and using superposition to add the stresses.
To avoid the superposition effect, heated band widths at
least twice (recognizing the figure represents the effect
from one edge of the heater) that producing sufficient
decay are required. Shear loads are not directly applied
by the heater but are instead a manifestation of displace-
ment compatibility requirements at the heater edges.

Recall that a heated band width of between 3 to 5
times J/Rt is being considered. At one end of the range,
Japanese researchers (Reference B4) have considered the
minimum induction coil width needed to avoid superim-
posing the bending stresses resulting from the tempera-
ture discontinuity at the edges of the coil. This was based
upon the approach described by Timoshenko (Reference
B1) and experimental measurements. They concluded
that if the coil width is larger than 3 A/R_t effects from su-
perimposing stresses from each edge could be avoided.
Note that the Japanese work defines R, as the mean
radius instead of the inside radius as used by the recom-
mended practice and this Annex. Converting the Japa-
nese recommendation to inside radius results in a heated
band width somewhat larger than 3 JRt. At the other end
of the range is the traditional 5 JRt heated band width
found in various international codes and is based upon
the work of Rose (Reference B2) and Burdekin (Refer-
ence B3).

The function in Figure B.1 may be divided into two
parts, one that defines a region of great change and the
other which defines the region in which the function has
leveled out and decayed nearly to zero. The transition be-
tween these two regions occurs somewhere between Bx =
2 and 3. The latter region is of interest because the local
heater edge effect stresses will have largely decayed to
zero at these distances. The soak band can be placed in
the low stress region by selecting the heated band width
appropriately.

For steel and other materials that have a Poisson’s
ratio of v = 0.3, Bx equals 1.285/JR—t. This then com-
pletes the relationship between x and heated band width.
The values of Bx = 1.9, 2.6, and 3.1 are calculated to cor-
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respond to heated band widths of 3, 4, and 5 times JR_t
respectively and neatly fall into the transition and low
stress regions.

On the basis of the above discussions, it is reasonable
to conclude that a minimum heated band width of 4 A/Rit
plus the width of the soak band will provide a sufficient
“run-out length” for stresses induced by the edge of the
heated band. Further note that this result holds for all
pipes with a heated band width of 4 /Rt plus the width
of the soak band, independent of material (for materials
where Poisson’s ratio, v = 0.3), geometry or heater type.

This example demonstrates the first of two important
connections between the@ parameter and the heated
band width. The second connection will be discussed in a
following section about stresses induced under the heater.
The heater edge induced thermal stresses will be revisited
by way of an example in an upcoming discussion.

B1.2 Thermal Stresses Induced Under the Heater. Ide-
ally, there will be no temperature variation under the heater.
However, even with “properly controlled” PWHT, some
temperature variation is expected under the heater. The fol-
lowing section focuses on the induced stresses that result
from expected temperature distributions under the heater.

B1.2.1 Polynomial Temperature Distributions. The
governing differential equation for the axisymmetric
thermally induced deformation of a cylindrical shell is

w'"'(x) + 4B*w(x) = -4B*0 R[T(X) ~ Tymbiend- ~ (B2)

It is instructive to examine the solution of this equa-
tion for the family of temperature distributions, T(x), that
are given by polynomials of order 3 or less. By doing so,
the simplest solution to Equation (B2) is obtained and an
intuitive understanding of the parameters that drive the
bending stress levels is gained. Subject to this condition,
the solution to Equation (B2) for the thermally induced

displacements is
w(x) = -0 R[T(X) = Tympient]- (B3)

Given that the bending stresses in the cylinder wall are
determined from

Gxmax = OM, /2 (B4a)
where:
M, = -Dw"(x), (B4b)

and substituting the second derivative of Equation (B3)
into Equations (B4) yields

_ EhRT"(x)

Xmax — 5 (BS)
2(1-v°)

for polynomial temperature distributions of order 3 or
less.
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It is apparent from this result that the thermally
induced bending stresses are proportional to the second
derivative of temperature with respect to axial position.
Note also that since the conductive heat flux is by defini-
tion proportional to the first derivative of temperature with
respect to position, q = —kAT'(x), it can be stated that the
thermally induced bending stresses are proportional to the
first derivative of heat flux with respect to position. This is
an important concept because many codes and recom-
mended practices (including this one) discuss managing
temperature profiles and limiting heater induced stresses
with language that describes the temperature gradient (the
first derivative of temperature) and not the gradient of the
gradient (the second derivative of temperature). It is not
the intent of this Annex to characterize these descriptions
as inadequate or improper. Its intent is, however, to point
out that thermally induced stresses are more complicated
to manage than many codes and standard references im-
ply. Certainly it is much more practical to measure the
temperature gradient than it is to measure the gradient of
the gradient. With this in mind, statements such as “no
harmful gradients” take on a clearer and more significant
meaning to the heat treatment professional.

Returning to Equation (B5), clearly the bending
stresses will be their greatest where the second derivative
of temperature, (first derivative of heat flux) with respect
to position is the greatest. The physical interpretation of
this is that the highest thermally induced stresses occur at
locations where the greatest rate of change of heat trans-
fer occurs. While this polynomial solution is too simplis-
tic to apply to the heater edge, it does give some insight
into how these stresses are generated.

B1.2.1.1 Ideal Temperature Heat Source. An
ideal temperature heat source creates a uniform tempera-
ture distribution in the portion of a cylindrical shell it is
heating. This constant profile is completely described by
the polynomial T(x) = T,. The stresses induced by this
temperature field are zero at the weld provided that the
heat source is sufficiently wide so that the stresses in-
duced by heat flux gradient discontinuity at the heat
source edge has negligible magnitude at the weld. If
these stresses are not negligible they become the sole
source of stress under the heat source.

B1.2.1.2 Ideal Flux Heat Source. An ideal flux
source creates a parabolic temperature distribution in the
portion of a cylinder it is heating. The reader can satisfy
himself that an ideal flux heater creates a parabolic tem-
perature profile by reducing the full form of Fourier’s
heat conduction equation to one dimension (with no
through-thickness consideration) and using internal volu-
metric heat generation to simulate the output of the
heater. Since this distribution is a second order polyno-
mial the previous solution to Equation (BS) is applicable.
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A parabolic temperature distribution can be com-
pletely defined by specifying temperatures at two loca-
tions. For purposes of this discussion, specify T(0) = T,,.
and T(l) = T;, where 2l is the heated band width. Any
other reasonable pair of temperature points may be used
to specify the temperature distribution. Hence, the para-
bolic temperature distribution and its derivatives can be
written as follows:

2

T(x) =Ty + (T, ~ To) = (B6a)
1

, 2x

T =M-Ty = (B6b)

n 2’

T =T -To) 5 (B6c)

To simplify the stress analysis, assume that the heat
source is sufficiently wide so that the stress field induced
by flux gradient discontinuity at the heater edges has
negligible magnitude at the weld. If these stresses are not
negligible they can be added to the subsequent analysis
by superposition.

Substituting Equation (B6c) into Equation (BS) gives
the desired result for the thermal bending stress in a cylin-
drical shell subject to a parabolic temperature distribution

_ OBR(T, - Ty) )

Xmax 12( 1 _ 1)2)

With this result, the variation of the thermal stress can
be studied for various heat source widths as a function of
the parameters “R” and “t.” Note that for parabolic tem-
perature distributions, the thermal stresses are indepen-
dent of axial position. Furthermore a review of Equations
(BS) and (B6) reveals that “shallow” parabolas induce
less stress than “steep” parabolas. This becomes an effec-
tive argument for maintaining reasonable temperature
uniformity under the heater and for wide heaters.

B1.2.1.3 General Temperature Distributions. For
the more general temperature distribution case, the ther-
mally induced displacements will be in the form of a
function that is dependent on position and temperature

w(x) = fIx, T(x)]. (BS)

In order to determine the bending stresses it is neces-
sary to calculate the second derivative of Equation (BS),
[recall Equations (B4)]. Because the solutions are no
longer polynomial, the solution for the thermally induced
bending stresses will be more complex than that given by
Equation (B5). However, the bending stresses’ depen-
dence on the second derivative of temperature with re-
spect to axial position will be retained.



B1.3 Examples

B1.3.1 Example #1. Consider a piping section subject
to the following temperature distribution:

(1) The pipe is at the ambient temperature everywhere
except directly under the heater.

(2) The temperature of the pipe under the heater is
uniformly 1000°F (538°C) above ambient.

Although this temperature profile is very idealized
and will not occur in nature, it has some very interesting
properties that make it a useful example for studying the
thermally induced stresses caused by the edge of a heater.

Given that the temperature distribution can be repre-
sented in a piecewise manner by two polynomials zero
order (constants) and applying Equation (B5) provides
evidence that the thermally induced stresses in the cylin-
der are zero. But this is not the whole story since Equa-
tion (B5) does not account for the stresses introduced by
the flux gradient discontinuity at the edge of the heater.
The reason for this is that the second derivative of the
temperature profile (the first derivative of the heat flux)
is equal to zero everywhere on the cylinder except at the
discontinuity at the edge of the heater! At this point the
heat flux and its derivatives are unbounded. This is the
feature that makes this problem instructive; the stresses
induced by the temperature profile are entirely due to the
heater edge effect. It is now possible to qualitatively con-
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sider the edge effect of a finite width heater on the in-
duced thermal stresses without interference from other
induced stress sources.

An analytical solution to this problem is described by
Timoshenko (Reference B1) and is presented here to
demonstrate the localized nature of the resulting stress
profile. Timoshenko’s text provides a very detailed ex-
amination of the axisymmetric loading of cylindrical
shells and is a highly recommended reference. A key re-
sult detailed in the text is the local nature of stresses in-
troduced by self equilibrating loads such as the thermal
loads being examined here.

The plots that follow are based on an 18 in. (457 mm)
outside diameter, 0.562 in. (14.27 mm) wall thickness
pipe constructed of low carbon steel subject to the previ-
ously described temperature profile. In the example, the
effect of varying heated band widths is presented. The
coefficient of thermal expansion, o, was assumed to be
8.03 x 107° in./in./°F (14.4 x 107 mm/mm/°C). For sim-
plicity the modulus of elasticity, E, was assumed to be
temperature independent and was estimated to be 16.8 x
106 psi (116 GPa). This assumption will result in moder-
ate errors in the displacement solution and its derivatives
but does not interfere with the solution’s sensitivity to
heated band width.

Figure B.2 shows the thermally induced bending stress
profiles (at the inner radius of the pipe) for heated band
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Note: The bending stresses are plotted as a function of distance from the heater centerline for heated band widths equal to n /Rt , where

nis anintegerand 1 <n<5.

Figure B.2—Bending Stress Distribution Induced by the Heater Edge,
for Heaters of Various Widths
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widths which are integer multiples of JRt up to 5 JRt.
For convenience the horizontal axis has been scaled by a
factor of A/R_t

The important characteristics of the stress curves in
Figure B.2 include:

(1) There is a zero crossing in all of the curves at or
near the edge of the heater.

(2) There are large localized stress peaks on either
side of the edge of the heater within a distance of
0.5 A/R_t to l.OJR_t. The magnitude of these local stress
peaks is largely independent of the width of the heater.

(3) If the heater is narrow enough, the two heater edge
stress peaks that occur under the heater add algebraically
and become a single stress peak at the center of the heater.

(4) There is always a local stress maximum or mini-
mum at the center of the heater.

(5) The magnitude of the stress at the center of the
heater is dependent on the width of the heater and ranges
from zero for wide heaters to twice the magnitude of the
stress peaks near the edge of the heater for narrow heaters.

(6) The stress values shown are high. “Real tempera-
ture profiles will have lower peak stresses but the stress
decay rate will be the same.

Figure B.3 is a plot of the same data showing the de-
pendence of the bending stress at the center of the heater
due to the heater edge effect as a function of the heater
width. For convenience the axis has been scaled by the

factor Jit Note that the induced stress at the weld cen-
terline is very small for heated band widths of at least

4./Rtto 5/Rt.

In addition to the expected result, the figure indicates
that very narrow heaters can have very low induced
heater edge effect stresses. Keep in mind that Figure B.3
shows only the stresses caused by the heater edge and not
the stresses caused by heater temperature profile. The
stresses induced due to very narrow heaters are normally
very high (refer to the discussion in B1.2.1.2).

Conclusions that can be made at this point are:

(1) The magnitude of the stresses in the piping at the
heater centerline caused by the edges of the heater can
be reduced by selecting an appropriately wide heater.
Recall the earlier conclusion in B1.1 that a heated band
width of 4 J/Rt plus the width of the soak band appears
to provide an adequate “run-out length” for induced
stresses. Based upon induced stresses going to zero for a
heated band width of 5 JR—t as shown in Figure B.3, one
might conclude that this width is more appropriate.
However, it is still concluded that a width of 4JR—t plus
the width of the soak band will be adequate because
“real” temperature profiles will produce lower stresses
for this width.

(2) The magnitude of the stresses that occur near the
edge of the heater is dependent on the characteristics of
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Note: The bending stresses are plotted as a function of distance from the heater centerline for heated band widths equal to n /Rt , where

nis anintegerand 1 <n<5.

Figure B.3—Bending Stress at the Heater Centerline Induced by the
Heater Edge; for Heaters of Various Widths
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the temperature profile in the piping at the edge of the
heater and is quite independent of the heater width.

(3) In the example shown in Figure B.2 there is clearly
a “harmful temperature gradient” at the edges of the
heater. Despite the fact that many codes specify tempera-
ture gradient limits, the thermally induced bending
stresses in this example are caused solely by the gradient
of the temperature gradient.

The analyst working on this heat treatment has some
difficult decisions to make (ignoring the fact that the as-
sumed temperature distribution is not a real profile). If
the analyst’s goal is to leave no residual stresses in the
soak band, then he has the flexibility to select a wide
heater to zero the heater edge effect stresses at the weld.
On the other hand, if the analyst’s charter is to minimize
residual stresses everywhere, then he must begin to make
compromises. This is because using a wide heater does
not eliminate the peak stresses induced by the heater
edge, they are only moved away from the heater center-
line. It should be noted that the high induced stresses
near the edges of the heater might cause no residual
stresses if the material temperature at the heater edges is
low enough so that no hot yielding occurs. This is very
dependent on the piping material, geometry, the heater
arrangement, insulation and environmental conditions.

B1.3.2 Example #2. Consider the case where ideal
flux heaters are used and the heated band width is deter-
mined by a suitable multiple of the cylinder’s thickness,
e.g., 21 = A, t (recall that 1 is the half heated band width).
Solving for | and substituting into Equation (B7) yields

_ 40E(T, - T)R

xmax (B9)
A1 -v7)t

Thus by specifying the heated band width to be pro-
portional to the pipe thickness, the resulting thermal
stresses at the heater centerline will vary proportionally
to the radius and inversely proportionally to the thick-
ness. Assuming that the pipe material and temperature
profiles are the same, only pipes with the same radius to
thickness ratio would have the same level of thermal
stresses. It is difficult to recommend that the heater width
be a suitable multiple of the pipe’s thickness and still
limit the thermal stresses over a wide range of radius to
thickness ratios.

Now consider the case where the heated band width is
determined by a suitable multiple of the square root of
the product of the cylinder’s radius and its thickness, e.g.,
21 =, JRt. Solving for 1 and substituting into Equation
(B7) yields

_ 40E(T,-T))

xmax (BIO)
AM(1-v7)
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Consequently by specifying the heated band width to
be proportional to the square root of the product of the
cylinder’s radius and its thickness the resulting thermal
stresses at the heater centerline are independent of the
cylinder radius and thickness. Thus the magnitude of the
thermal stresses are only dependent on the temperature
profile, the material properties and the selected propor-
tionality constant. Given a suitable limiting value for
stress, a reasonable and universal heated band width rec-
ommendation can be made based on a multiple of the
square root of the cylinder’s radius times its thickness.

This is the second important connection between the
heated band width and the parameter JR_t The reason
that this example is significant is that most flexible elec-
tric resistance heaters used in PWHT applications generate
power uniformly over their entire area. This is identical
to the way that the ideal flux heater provides power. The
ideal flux heater approximation is a reasonably adequate
model even with interfering effects such as surface con-
tact resistance.

B1.3.3 Example #3. Figure B.4 is a plot of the bend-
ing stress induced at the center of the heater due to a par-
abolic temperature distribution as a function of heater
width using Equation (B10) and the values shown below.
The temperature at the edge of the heater was assumed to
be 550°F (288°C), or one-half the temperature in the
soak band which was assumed to be 1100°F (593°C). For
convenience the axis has been scaled by the factor JR—t
The plot does not include the stresses due to the edges of
the heater. It should be noted that this example is pre-
sented for illustrative purposes only. The yield point of
the material is being ignored, hence a portion of the
stresses plotted in Figure B.4 exceed the yield strength.
Note that the heater induced stresses are well above the
hot yield strength of most steel at PWHT temperatures
until the heated band width exceeds approximately
4.5 JR—t to5 A/I?t . The material properties were the same
as those used in B1.3.1, Example No. 1.

The reader is cautioned that the polynomial solution
to the thermal stress problem is very attractive and begs
to be used to estimate the magnitude of the stresses under
a heater. However this is not the entire solution as even
an ideal flux heater must be of finite width to be useful in
the field. Thus the heater edge induced stress must not be
overlooked.

B1.4 Translating Theory Into Practice. The topics dis-
cussed in this section all support the practice of recom-
mending that the PWHT heated band width be at least as
wide as some suitable coefficient times ./Rt. The ques-
tion becomes what is a suitable value for the coefficient?
The German standard (Reference B5) discussed in Annex
A concludes that a heated band width of 4 /Rt is appro-
priate (based on a “run-out length” of 2.83 /Rt due to the
heater edge effect). This document has recommended a
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Note: The bending stress at the heater centerline is plotted as a function of distance from the centerline to the heater edge. The heater
edge temperature is half the soak band temperature. For heated band widths equal to n./Rt, where 0 <n < 7.

Figure B.4—Bending Stress at the Heater Centerline Induced by an
Ideal Heater, for Heaters of Various Widths

variation of the German rule in that the heated band width
is suggested to be the width of the soak band plus 4 JRt.
The reason for this variation is that the width of the soak
band (weld metal, heat-affected zone, and sufficient adja-
cent base metal) can be significant. It is the recommenda-
tion of this document that the heater edge effect stresses
not only “do no harm at the weld,” but also “do no harm
in the soak band.” Thus the width of the soak band has
been added to protect the weld metal, heat-affected zone
and sufficient adjacent base metal.

With respect to stresses induced by the temperature
profile under the heater, the given example supports the
wider heated band widths. The results are sufficiently
dependent on material properties and strengths at tem-
perature that a conservative multiple of JRt is recom-
mended for the heated band width. Certainly the example
given does not support an argument for recommending a
heated band width less than that specified in the German
standard.

Significantly missing from the above discussion is an
estimate of the real peak magnitude of the heater edge ef-
fect stresses. To do so would have required making some
limiting assumptions about the type of heaters and insu-
lation used and the resulting temperature profile. Since
this varies so much from component to component, the
result would have been too narrow from which to make a
universal recommendation. Historically recommenda-

82

tions about the heated band width based on heater edge
effects have not been able to address this issue in a sim-
ple manner. The result is a conservative recommendation
about protecting the weld from well-understood phenom-
ena with a hard to establish peak magnitude. Whether the
issue is heater edge discontinuity stresses or the stresses
caused by the heater, analytical techniques such as the fi-
nite element method and a well defined acceptable stress
criteria should be considered to properly assess the effect
of narrower heaters.

Such an approach is currently being pursued by re-
searchers (Reference B6) from Japan. They are utilizing
an axisymmetric model based upon the thermal-visco-
elastic-plastic, finite element method. Their modeling
considers the effect of creep relaxation in a weld region
containing an existing residual stress distribution from a
representative weld. Their criteria for establishing the
minimum width of the heated band is to limit the magni-
tude of residual stresses present after local PWHT to that
produced by uniform PWHT (e.g., heating the whole
component in a furnace). Piping with diameters in the
range of 9.8-39.4 in. (250-1000 mm) and wall thickness
between 1-2 in. (25-50 mm) have been considered. Re-
sults to date (Reference B6) suggest that a heated band
width of the width of the soak band (for soak band width
= 3t) plus 4 JRt could be used to meet the criteria of



limiting the stresses present after local PWHT to that
produced by uniform PWHT.

B2. Method to Control the Axial
Temperature Gradient

As previously discussed in B1.2.1, it is the second de-
rivative of temperature (the rate of change of the rate of
change in temperature) which induces stresses under the
heater. It has been explained that the use of a linear tem-
perature gradient does not provide an adequate means to
control these induced stresses. However, as discussed in
B1.2.1.2, by specifying the temperatures at two points,
a parabolic temperature distribution can be completely
defined. Therefore, with knowledge of the minimum
temperature at the edge of the soak band (T,) and by
specifying the minimum temperature at the edge of the
heated band (T;), a parabolic temperature distribution
can be described. A parabolic temperature distribution
appears to be a reasonable means to represent the type of
heaters commonly used (e.g., electric resistance). There-
fore, an approach, which establishes a minimum temper-
ature at the edge of the heated band (heater) appears to
offer a reasonable method to limit the stresses, induced
under the heater.

Equation (B7) provides enough information to exam-
ine the effect of temperature at the edge of the heater and
its effect on stress for a parabolic temperature profile.

B2.1 Example #4. An estimate of the minimum permis-
sible temperature at the edge of the heated band can be
made given a maximum stress allowable at the weld.
This treatment is based on the stress formulation previ-
ously obtained for the ideal flux heat source, Equation
(B7). This analysis assumes linearly elastic material be-
havior and that the heat flux gradient discontinuity stress
can be neglected in the region of interest.

To keep the flux discontinuity stresses negligible, the
heat source half width, 1, will be set to be ZJEt. Note
that the width of the soak band is not included in order to
simplify the analysis. Since the recommended minimum
width of the heated band includes the soak band and this
example does not, these results are marginally conserva-
tive. This in turn gives the following equation for stress:

OETy(T,/Ty— 1)

xmax > (B11)
4(1-v7)
Solving for the ratio T /T, yields Equation (B12).
T, _ 4(1-v)
s 1 B12
T, BT, O’ (B12)
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It is assumed that G, is twice the negative of the
maximum allowable stress. By limiting the linear elastic
model stresses (strains) to twice the hot yield, the result-
ing maximum residual stresses when cold can be ex-
pected to correspond approximately to the hot yield
stress. This rule of thumb predicts residual stresses of
about the same order of magnitude as can be expected
from a uniform heat treatment in a furnace. Further
elaboration on this problem requires an elastic-plastic
analysis and is beyond the purpose and scope of this
discussion.

The ratio T/T, provides an ability to estimate an ac-
ceptable drop in temperature to the edge of the heater.
Equation (B12) was used to calculate the ratio T;/T for
three materials, A516 Grade 70, 1-1/4Cr — 1/2Mo and
2-1/4 Cr — 1 Mo steels, at a PWHT temperature of
1200°F (649°C). These materials and this temperature
were chosen because of the availability of the required
yield strength, modulus of elasticity, Poisson’s ratio and
coefficient of thermal expansion data. The calculated
ratio T/T, for these materials at 1200°F (649°C) was
0.48, 0.50, and 0.50 respectively. It is recognized that the
validity of this approach rests on the rule of thumb ap-
proach for setting the maximum stress and that a limited
amount of data has been evaluated. The ratio T,/Tj, is cer-
tainly material dependent and ultimately a function of the
chosen allowable stress at temperature.

Requiring that the temperature at the edge of the weld
be at least or greater than a specific percentage of the
temperature at the edge of the soak band is a satisfactory
means of limiting the magnitude of the thermal stresses
caused by thermal gradients under the heat source. The
results of the calculations reported above supports the
traditional recommendation to limit the minimum tem-
perature at the edge of the heated band (heater) to be half
the PWHT temperature.

B3. Gradient Control Band Width

The purpose of the gradient control band (GCB) is to
minimize the variation of the pipe’s temperature under
the heated band (heater) and to minimize the heat flux
gradient discontinuity stresses at the edge of the heater.
To a large extent, the temperature profile under the heater
is controlled by the width of the heater and the heater
power. Other important factors that contribute to the tem-
perature profile in the heated band are the heat losses to
the environment from the pipe under the heater (which is
typically un-insulated) and the losses from the adjacent
(unheated) sections of pipe.

The GCB width is specified to minimize the heat
losses caused by the unheated portion of the pipe and its
effect on the temperature profile under the heater. In fact,
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with a single circumferential zone of control, the heat
treater cannot control the temperature at both the heater
centerline and its edges. This is because the heater power
is the only control variable. The losses in the pipe under
the heater combined with the losses in the pipe adjacent
to the heater establish the boundary conditions that deter-
mine the temperature at the edge of the heater.

Because the inside of the pipe is typically inaccessi-
ble, the GCB insulation is normally only applied on the
outside of the pipe undergoing PWHT. The important
characteristics of the GCB insulation are its insulation
value and its width. The insulation value and the width of
the GCB insulation affect the temperature gradient at the
edge and away from the heater.

This discussion will address the issue of selecting the
appropriate width of the GCB from the standpoint of in-
duced thermal stresses and will proceed based on the fol-
lowing assumptions:

(1) The temperature of the uninsulated portion of the
pipe at the edge of the GCB is in the range of 350°-500°F
(177°-260°C).

(2) The temperature at the edge of the heater is at
least half, if not three-quarters of the soak band PWHT
temperature.

(3) The temperature drop off from the edge of the
heater to the edge of the GCB may be reasonably approx-
imated by a linear temperature gradient.

Thus the temperature gradient may be reasonably esti-
mated to be in the range of one quarter to one third of the
soak band PWHT temperature divided by the width of
the GCB extension beyond the edge of the heater (Wgcp).
Using the one third value as more conservative for stress
analysis purposes gives

T _ Townr
GCB =

. (B13)
3Ween

A solution presented by Timoshenko (Reference B1)
for a temperature profile varying linearly with distance
and then transitioning to a uniform temperature profile in
an axisymmetrically loaded cylinder will serve as the
basis for the following stress evaluation. The solution is
given by

6=0.706 o EJ/Rt T'cp. (B14)

The term T'gcg is the temperature gradient in the
GCB beyond the heated band and is estimated as de-
scribed above. Equation (B14) predicts stresses twice
that given by Timoshenko (Reference Al) because Ti-
moshenko’s example considers only a single “kink” in
the temperature profile instead of the two “kinks” de-
scribed here. It is important to recognize that the stresses
induced by this temperature profile are due entirely to the
heat flux gradient discontinuity effect at each “kink” in
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the temperature profile. Equation (B14) is somewhat
conservative in that it assumes that the two “kinks” are
close enough to each other so that the peak stresses from
each “kink” superimpose additively within the GCB ex-
tension beyond the heated band.

Substituting Equation (B13) into Equation (B14) and
solving for wgcp gives the following relationship for the
length of the extension of the GCB beyond the heated
band.

0.706 LE AR T pyyyrr
3o

WGeB = (B15)

allowable

Equation (B15) states that under the given assump-
tions, the width of the GCB beyond the edge of the
heated band necessary to limit the thermally induced
bending stresses in the same region to a specified limit-
ing value is equal to some constant times the parameter
JRt. Equation (B15) is offered to support the concept of
a GCB width that is a multiple of JRt. This approach is
similar to that described by Tahara (Reference B7).

Solving Equation (B15) for induced stress puts the
equation in a form that permits the induced thermal stress
to be estimated based on the component’s material prop-
erties and the width of the GCB extension beyond the
heater edge. Taking the material properties at the mean
temperature of the GCB, say 600°~700°F (316°-371°C),
and using a GCB extension length of 2./Rt yields ther-
mally induced bending stresses that are likely to be
below yield for many piping materials. This leads to the
recommendation that the total width of the gradient con-
trol band be equal to the width of the heated band plus
4.JRt.

Another important issue is the achievement of full
PWHT temperatures within the soak band. In particular,
the temperature on the inside surface of the pipe is of
great concern as discussed in Annex A. It is difficult to
establish an analytical approach to sizing the GCB width
based on through temperature concerns because of the
great variability of the factors that most significantly af-
fect the temperature uniformity of the pipe. These factors
are the losses from the inside of the pipe and the losses
from the gradient control band insulation. The result is
that recommendations appear to be based upon experi-
ence and not upon readily apparent analytical techniques.

The British BS 5500 (Reference B8) and the Austra-
lian AS 1210 (Reference B9) pressure vessel codes both
recommend a total insulated band width (e.g., GCB) of
10./Rt on the basis that this width will usually ensure
that the requirements for temperature uniformity will be
met (including achieving full PWHT temperature in the
soak band). The A/Et factor in the recommendations im-
plies stress based reasoning for both recommendations.
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Annex C (Informative)

Procedure for Thermocouple Attachment
by Capacitor Discharge Welding

This annex is not part of AWS D10.10/D10.10M:1999 (R2009), Recommended Practices for Local
Heating of Welds in Piping and Tubing, but is included for informational purposes only.

C1. IMPORTANT: Disconnect the thermocouple
wire and/or extension cable from any temperature
monitoring or control instrument prior to capacitor
discharge welding!

C2. Prior to the start of use, the thermocouple at-
tachment unit (TAU) should be fully recharged. If the
battery light should appear while pressing the discharge
button, the unit may require recharging.

C3. The area where the thermocouple wire is to be at-
tached should be free of all foreign materials such as
paint, grease, or oils. Remove surface scale and debris
typically with a wire wheel, grinder, file, or wire brush.
A smooth, flat surface with shiny metal will result in op-
timal welds. The area for the attachment of the ground
should be cleaned in a similar manner.

C4. Place the welding ground between 4 and 24 in. (0.1
and 0.6 m) from the immediate weld area.

CS5. If applicable, adjust voltage to desired setting (typi-
cally 65 VDC). Some equipment may not have adjust-
ment capability.

Cé6. Strip approximately 1/2 in. (13 mm) of the outer
insulation from the end of the thermocouple wire to
be attached. Pull this outer insulation back approxi-
mately 4 in. (100 mm) and bend the individual insulated
wires apart such that they keep the outer insulation
pulled back.

C7. Make sure all oxides have been removed from the
surfaces of the pliers which will contact the thermocou-
ple wire. Pull back the insulation on one of the thermo-
couple leads and hold the lead with the discharge pliers
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approximately 1/4 in. (6 mm) from the end that is to be
attached to the component. With the pliers holding the
exposed wire, the insulation can be released and will
move back to the point of contact with the pliers.

C8. Press the charge button on the TAU until the light
signals ready.

C9. After the light appears, hold the thermocouple wire
motionless and in contact with the desired location for at-
tachment on the component. For automatic units, the dis-
charge will occur automatically within approximately
two seconds. For non-automatic units, push the discharge
button. In either case, a flash and pop should follow.
Continue to hold the lead with the pliers for 2 to 3 sec-
onds after the discharge to allow the weld to cool. After
the pliers are released, pull the insulation back to the
weld, thereby covering all of the lead.

C10. Repeat Steps C7 through C9 for the other thermo-
couple lead, positioning the second lead approximately
1/4 in. (6 mm) away from the first lead.

C11. After completion of the welds, check their integ-
rity by holding the thermocouple wire approximately %2
in. (13 mm) from each weld and gently pulling on the
wire. After checking both welds, pull the outer insulation
back as close to the weld as possible.

C12. Should either of the wires detach upon gently pull-
ing, remove the burned end of the wire(s), prepare the
parent metal surface per step C2, and repeat steps C6
through C10.

Removal of Thermocouples. During the equipment re-
moval stage, the location of each thermocouple should be
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adequately identified. This is typically accomplished by
circling the attachment area with a marker or chalk.

Light filing or grinding followed by inspection of the
thermocouple attachment areas may be required. Care
must always be exercised during filing or grinding to
prevent removal of too much metal.

Procedure and Performance Qualification. Neither
qualification of this procedure nor performance qualifi-
cation of welders is required by the fabrication codes
listed below if the maximum energy input is limited to
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125 Watt-seconds (Joules) in accordance with the equa-
tion listed below.

ASME Section III, Div. 1, paragraph NB-4311.2
ASME B31.1, Power Piping, paragraph 127.4.9 (A)
ASME B31.3, Process Piping, paragraph 330.1.3 (b)

Energy input = 1/2 CV? (Watt-seconds [Joules])

where:
C = capacitance in Farads
V = direct current voltage
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Annex D (Informative)

Accuracy of Thermocouple
Temperature Measurements

This annex is not part of AWS D10.10/D10.10M:1999 (R2009), Recommended Practices for Local
Heating of Welds in Piping and Tubing, but is included for informational purposes only.

A number of factors determine the overall accuracy of
a temperature measuring system. They include sensor,
system connections, and instrumentation error contribu-
tions. The discussion in this Annex is based upon the as-
sumption that a type K thermocouple is attached to the
work piece by means of capacitor discharge welding (di-
rectly attached, separated junction thermocouple). The
type K thermocouple is suitable for PWHT applications
not exceeding 2300°F (1260°C). The lead extending
from the sensor to the measuring or controlling instru-
ment will be of thermocouple extension grade and inter-
connecting plugs and sockets will also be made of the
type K material. References are provided for various
documents (References D1-D6) which discuss the issues
addressed in greater detail.

D1. Sensor Error

The total error for the sensor will be the sum of the er-
rors resulting from the following factors: initial calibra-
tion, stability, intermediate metals, green rot, cold work,
noise, the Thompson Effect, and position uncertainty.

D1.1 Initial Calibration. The initial calibration is a
measure of the effect of the deviation of the stabilized
thermocouple wire (as supplied from the manufacturer)
from National Institute of Standards and Technology
(NIST) standards. This error is expressed as a deviation
from NIST standards. The deviation results from a varia-
tion in the material composition and/or inhomogeneity of
the wire. Many manufacturers offer a “premium” grade
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wire which has a typical tolerance of +2°F (+1.1°C) or
+0.4% of the temperature reading, whichever is greater.
When using the premium wire at a typical PWHT tem-
perature [1150°F (621°C)], the inaccuracy due to wire
composition is +4.6°F (£2.55°C).

D1.2 Stability. Extended exposure of standard type K
wire to temperatures of 1000°F (538°C) or more can lead
to a shift of +6°—+9°F (+3.3°—+5°C). This is due to the
aging of the positive element of the type K thermo-
couple. Many manufactures offer ‘stabilized” wire to re-
duce this effect. An aged, stabilized type K thermocouple
reading will increase by 1.35°F (0.75°C) after 200 hours
at 1000°F (538°C). After 1000 hours, the offset reduces
to 0.9°F (0.5°C). For a worst case scenario, +1.35°F
(0.75°C) will be assumed.

D1.3 Remaining Factors. When installing and rout-
ing thermocouples and extension lead, good, practical
low voltage wiring practices are desirable. In fact, poor
installation and routing practices could represent the
greatest source of error, if present. The remaining factors
(intermediate metals, green rot, cold work, noise, the
Thompson Effect, and position uncertainty) are not ex-
pected to be significant if good installation and routing
practices are followed and normal local heating condi-
tions are encountered. Each of the remaining factors is
briefly defined below.

(1) Intermediate Metal—Effect of the work piece as
an intermediate metal at the hot junction of a directly at-
tached, separated junction thermocouple.

(2) Green Rot—Effect of an oxide layer resulting
from reducing atmospheres.
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(3) Cold Work—Effect of alterations of the cross
sectional area of thermocouple wire due to mechanical
deformation.

(4) Noise—Effect of electrical interference picked up
by the sensor.

(5) Thompson Effect—Effect of temperature gradi-
ents along the cable.

(6) Position Uncertainty—Effect of a deviation in the
actual position of the junction versus the desired position
of the junction.

D2. System Connections Error

The total error for the cable system (extension wire
and connectors) to the instrument will result from initial
calibration, stability, intermediate metals, green rot, cold
work, noise, the Thompson Effect, and loop resistance.
When specifying thermocouple extension lead, the al-
lowable loop resistance of the system must be deter-
mined. This value, along with the length of lead required,
is used to determine the proper gauge of wire. A typical
rule of thumb is not to exceed 600 ft (182.9 m) of 20
gauge type K extension wire. Although this is dependent
on the instrument, a slight error, in the order of 0.2°F
(0.1°C), may be induced. The effects of the remaining
factors can be neglected.

D3. Instrumentation Error

The instrument, in most cases, is a temperature re-
corder or data-logging device. The accuracy of the in-
strument depends on factors such as reference junction
compensation (RJC) circuitry, ambient effects on the in-
strument, and noise considerations. When using a strip
chart recorder, print head positioning must also be fac-
tored into the final accuracy.

The chart paper from a strip chart recorder provides
the final record of the thermal cycle, documenting that
the temperature/time requirements have been met. A typ-
ical accuracy for the printing function of a strip chart re-
corder is 0.3% of span. A recorder setup for PWHT
temperatures will likely have a span of 0°-2000°F (18°-
1093°C). This produces an accuracy +6°F (+3.3°C). As-
suming that the instrument is operated according to the
manufacturer’s specifications, and that good wiring tech-
nique has been utilized, the overall accuracy of the re-
corder can be +6.5°F (£3.6°C).
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D4. Total System Error

The worst case error of the thermocouple and exten-
sion lead up to, but not including the instrument is
+6.15°F, -3.45°F (+3.42°C, -1.92°C). In order to
achieve these extreme values, all errors must occur in a
positive or negative direction. A more likely value can be
calculated by using the root of the sum of the squares
(RSS) technique. Neglecting the zero valued factors, this
method yields +4.79°F (+2.66°C). This is a typical error
value on a type K thermocouple prior to connecting to an
instrument. The RSS value for the entire system, includ-
ing a typical temperature recorder, is +8°F (+4.44°C).

DS. Improving Total System Accuracy

The system can be improved by properly maintaining
and calibrating the recording instrument. This requires
that a calibration device be utilized which has an accu-
racy 4 times greater than that of the recording instrument.
An instrument of +1.5°F (3£0.83°C) accuracy is accept-
able. The calibration instrument is to be connected to the
recorder with a thermocouple extension lead of no longer
than 12 in. (304.8 mm). After calibration, the accuracy of
the recorder can theoretically be reduced to that of the
calibrating instrument, +1.5°F (£0.83°C). The overall ac-
curacy of the system would then be reduced to +5°F
(+2.78°C).
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Annex E (Informative)

Information on Types of Insulation

This annex is not part of AWS D10.10/D10.10M:1999 (R2009), Recommended Practices for Local
Heating of Welds in Piping and Tubing, but is included for informational purposes only.

This annex provides information regarding various
types of thermal insulation that is commonly used during
local heating operations.

E1. Glass Wool

Fiber glass wool is a silicate man-made vitreous fiber
(MMVF) manufactured by a discontinuous process. As a
result, a significant portion of the fiber sizes produced
will be considered respirable. Its composition has specif-
ically been adjusted to allow formation at a lower tem-
perature. A binder is usually present to hold the fibers
together. Heating deteriorates this binder and generally
results in individual fibers that can readily become air-
borne. The softening point of the fibers is reported to be
1200°F (650°C), with a maximum recommended use
temperature of 840°F (450°C) (Reference E1).

The application of glass wool insulation can be cost
effective for outer layers of insulation and along the pipe
away from the heat sources. However, glass wool insula-
tion should not be allowed to be in contact with the heat
source or any material that has a temperature approach-
ing the softening point. Thermal conductivity for glass
wool is generally higher than that of mineral wool or
refractory ceramic fiber.

E2. Rock and Slag Wool

Rock and slag wool are silicate MM VF manufactured
by a discontinuous process. As a result, a significant por-
tion of the fiber sizes produced will be considered respi-
rable. As the name implies, rock or blast furnace slags
are melted to produce fibers. These fibers are also re-
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ferred to as mineral wool. A binder is usually present to
hold the fibers together. Heating deteriorates this binder
and generally results in individual fibers that can readily
become airborne. The maximum continuous service tem-
perature is approximately 1200°F (650°C), with devitrifi-
cation (transformation from amorphous to crystalline)
beginning above 1337°-1517°F (725°-825°C) (Refer-
ence El). If transformed to the crystalline state, fibers
can fracture longitudinally and as a result, adversely
change their diameter and aspect ratio, thereby increas-
ing the number of respirable fibers. Mineral wool is typi-
cally less expensive than either glass wool or refractory
ceramic fiber, while its thermal conductivity generally is
between that of glass wool and refractory ceramic fiber.

E3. Refractory Ceramic Fiber

Refractory ceramic fiber (RCF) is silicate MMVF
manufactured by a discontinuous process. As a result,
a significant portion of the fiber sizes produced will
be considered respirable. Up to approximately 50% alu-
mina (Al,O3) and for certain types 15% zirconia (ZrO,)
are added to improve high temperature performance.
Although the name may seem to imply a crystalline
structure, these fibers are fully amorphous in the as-
manufactured condition. RCFs are reported to crystallize
or devitrify at temperatures above 1832°F (1000°C) and
begin softening in the range 3164°-3272°F (1740°-—
1800°C) (Reference E1). The maximum continuous use
temperature is approximately 2000°F (1093°C). If trans-
formed to the crystalline state, fibers can fracture longi-
tudinally and as a result, adversely change their diameter
and aspect ratio, thereby increasing the number of res-
pirable fibers. RCFs are more expensive than glass or
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mineral wool, but generally have the lowest thermal
conductivity.

E4. Continuous Filament Fiber

Continuous filament silicate MM VF can be manufac-
tured in a range of compositions from approximately
50% to approaching 100% silica. As a result, thermal and
other characteristics vary accordingly. The continuous
nature of the manufacturing process enables production
of fibers diameters well in excess of that considered re-
spirable. For high purity silica fibers, the maximum use
temperature reported is 2012°F (1100°C), with devitrifi-
cation beginning at 1832°F (1000°C) (Reference E1).
Variation of these temperatures with purity is noted (Ref-
erence E1). If transformed to the crystalline state, fibers
can fracture longitudinally and as a result, adversely
change their diameter and aspect ratio, thereby increas-
ing the number of respirable fibers. Continuous filament
fibers can be used to produce knitted or needled-felt type
insulation products. The knitted products have a higher
strength, and neither type uses binders. As a result, the
knitted products tend to remain intact longer, and there-
fore may be capable of a greater number of reuses.

Because continuous filament fibers are considerably
more expensive than those produced by a discontinuous
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manufacturing process, the number of reuses becomes an
important cost consideration. By limiting usage tempera-
ture to below that where devitrification occurs, savings
can be derived from avoidance of more restrictive per-
sonnel protection equipment, handling and disposal. De-
pending upon composition, density and construction
(knitted verses needled-felt), thermal conductivity should
have a range comparable to that for glass wool, mineral
wool and refractory ceramic fiber.

ES. Fiber Respirability

Consult manufacturers for specific information re-
garding the size of fibers in their products, the relation-
ship between concentration of fibers and health effects,
safe usage temperatures and recommendations regarding
personnel protection equipment, handling and disposal.
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Annex F (Informative)

Standard Procedure for Local Heating

This annex is not part of AWS D10.10/D10.10M:1999 (R2009), Recommended Practices for Local
Heating of Welds in Piping and Tubing, but is included for informational purposes only.

Procedure No.: Revision No.: Date:

Governing Code:

Workpiece Identification Number:

Material Specification:

Component Dimensions:

Thermocouple, Heater, and Insulation Layout Drawing Number:

Thermal Cycle

o

Heating Rate: /hour  (specify max. or min.) above

o

Hold Temperature Range: to

Minimum Hold Time: hours Maximum Hold Time: hours

Cooling Rate: /hour  (specify max. or min.) above

Steps

F1. Match procedure/drawings to work piece, including verification of work piece identification number. Check the
appropriateness of specified thermal cycle to the material and application.

Completed by: Date:
F2. Install and test power/control equipment, including power supplies, temperature controllers, and temperature recorders.

Completed by: Date:

F3. Check validity of calibration date on all temperature recorders. Enter serial number and date next calibration due
for each recorder.

Serial number: Date Next Calibration Due:
Serial number: Date Next Calibration Due:
Serial number: Date Next Calibration Due:
Serial number: Date Next Calibration Due:
Completed by: Date:
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F4.

F5.

F6.

F7.

F8.

FO9.

F10.

F11.

F12.

F13.

F14.

Install thermocouples (including spares) per drawing/sketch using approved methods. Direct attachment by capaci-
tor discharge welding (Annex C) is recommended.

Completed by: Date:

Verify specified (per drawing/sketch) placement of thermocouples.

Verified by: (User’s/Owner’s Inspector)  Date:

Install heat sources and insulation per drawing/sketch using approved methods.

Completed by: Date:

Verify specified (per drawing/sketch) placement of heat sources and insulation before the start of heating.

Verified by: (User’s/Owner’s Inspector)  Date:

Install and connect thermocouple extension wire. Check operation of all thermocouples. Check for reversal of ther-
mocouple polarity. Note that it may only be possible to detect a double polarity reversal visually. (When checking
for polarity reversal, use the mnemonic device BIG-RED-NEGATIVE as a guide.)

Completed by: Date:

Install and connect power cables. Check operation of all heat sources.

Completed by: Date:

Obtain approval to begin the heating operation.

Approved by: (User’s/Owner’s Inspector)  Date:

Perform and document periodic checks during heating, including equipment operation (recorder and power sup-
plies) and adherence to specified heating rate. If a deviation occurs during heating, follow approved corrective action.
If it appears that achieving the hold temperature will be difficult and requires excessive time, the User/Owner’s
Inspector should be notified and a decision made regarding whether to continue heating.

Completed by: Date: Time:
Completed by: Date: Time:
Completed by: Date: Time:

Verify the start of the hold period, e.g., all soak band thermocouples are within the required temperature range.

Verified by: (User’s/Owner’s Inspector)  Date:

Perform and document periodic checks during the hold period, including equipment operation (recorder and power
supplies) and adherence to required hold temperature range. If a deviation occurs during the hold period, follow ap-
proved corrective action. A maximum time in the hold temperature range may be specified for certain materials. If
it appears that the maximum time limit will be exceeded, the User/Owner’s Inspector should be notified and a deci-
sion made regarding whether to continue heating.

Completed by: Date: Time:
Completed by: Date: Time:
Completed by: Date: Time:
Completed by: Date: Time:
Completed by: Date: Time:

Verify completion of the hold period, e.g., all soak band thermocouples remained within the required temperature
range for the minimum required time. Must be verified before the start of cooling.

Verified by: (User’s/Owner’s Inspector)  Date:
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F15. Perform and document periodic checks during cooling period, including equipment operation (recorder and power
supplies) and adherence to specified cooling rate. If a deviation occurs during cooling, follow approved corrective
action.

Completed by: Date: Time:
Completed by: Date: Time:
Completed by: Date: Time:

F16. Deactivate power/control equipment after the temperature is below that where cooling rate control is required.
Completed by: Date:

F17. Remove all equipment after the temperature is safe for personnel. Cut thermocouple wires and mark locations of
attached thermocouples for light filing/grinding.

Completed by: Date:

F18. Note any deviations such as heating rate, hold time and temperature, or cooling rate which occurred during the thermal

cycle. If no deviations occurred, enter “None.”
Completed by: Date:
F19. Complete and submit to User’s/Owner’s Representative appropriate documentation in accordance with Standard

Documentation Checklist (Annex G).

Received by: (User’s/Owner’s Representative)  Date:
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Annex G (Informative)

Standard Documentation Checklist for Local Heating

This annex is not part of AWS D10.10/D10.10M:1999 (R2009), Recommended Practices for Local
Heating of Welds in Piping and Tubing, but is included for informational purposes only.

It is recommended that the following documentation be provided by the supplier of local heating services at the com-
pletion of work:

G1. [ ] Procedure (Annex F) with all required information completed

G2. [ | Drawings/sketches for thermocouple, heater and insulation layout

G3. [ | Thermocouple and extension wire Certificates of Conformance

G4. [_] Temperature recorder calibration records

G5. [ | Hardness testing results (if applicable)

G6. [ ] Strip chart record of the entire thermal cycle with the following information
a. [ | Date(s), time period and location work performed
b. [ Identification of contractor/personnel performing the work
c. [ | Identification number of the work piece
d. [ | Temperature and time scales
e. [ Correspondence between thermocouple numbers on the chart(s) and drawing/sketch
f. [ Heating rate above specified temperature

. ] Hold period temperature and time

= 09

. [ ] Cooling rate above specified temperature
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Annex H (Informative)

Guidelines for the Preparation of Technical Inquiries

This annex is not part of AWS D10.10/D10.10M:1999 (R2009), Recommended Practices for Local
Heating of Welds in Piping and Tubing, but is included for informational purposes only.

H1. Introduction

The American Welding Society (AWS) Board of Directors
has adopted a policy whereby all official interpretations
of AWS standards are handled in a formal manner.
Under this policy, all interpretations are made by the
committee that is responsible for the standard. Official
communication concerning an interpretation is directed
through the AWS staff member who works with that
committee. The policy requires that all requests for an
interpretation be submitted in writing. Such requests will
be handled as expeditiously as possible, but due to the
complexity of the work and the procedures that must be
followed, some interpretations may require considerable
time.

H2. Procedure

All inquiries shall be directed to:

Managing Director
Technical Services Division
American Welding Society
550 N.W. LeJeune Road
Miami, FL 33126

All inquiries shall contain the name, address, and affilia-
tion of the inquirer, and they shall provide enough infor-
mation for the committee to understand the point of
concern in the inquiry. When the point is not clearly
defined, the inquiry will be returned for clarification. For
efficient handling, all inquiries should be typewritten and
in the format specified below.

H2.1 Scope. Each inquiry shall address one single provi-
sion of the standard unless the point of the inquiry
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involves two or more interrelated provisions. The provi-
sion(s) shall be identified in the scope of the inquiry
along with the edition of the standard that contains the
provision(s) the inquirer is addressing.

H2.2 Purpose of the Inquiry. The purpose of the
inquiry shall be stated in this portion of the inquiry. The
purpose can be to obtain an interpretation of a standard’s
requirement or to request the revision of a particular pro-
vision in the standard.

H2.3 Content of the Inquiry. The inquiry should be
concise, yet complete, to enable the committee to under-
stand the point of the inquiry. Sketches should be used
whenever appropriate, and all paragraphs, figures, and
tables (or annex) that bear on the inquiry shall be cited. If
the point of the inquiry is to obtain a revision of the
standard, the inquiry shall provide technical justification
for that revision.

H2.4 Proposed Reply. The inquirer should, as a
proposed reply, state an interpretation of the provision
that is the point of the inquiry or provide the wording for
a proposed revision, if this is what the inquirer seeks.

H3. Interpretation of Provisions of
the Standard

Interpretations of provisions of the standard are made by
the relevant AWS technical committee. The secretary of
the committee refers all inquiries to the chair of the par-
ticular subcommittee that has jurisdiction over the por-
tion of the standard addressed by the inquiry. The
subcommittee reviews the inquiry and the proposed reply
to determine what the response to the inquiry should
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be. Following the subcommittee’s development of the
response, the inquiry and the response are presented to
the entire committee for review and approval. Upon
approval by the committee, the interpretation is an official
interpretation of the Society, and the secretary transmits
the response to the inquirer and to the Welding Journal
for publication.

H4. Publication of Interpretations

All official interpretations will appear in the Welding
Journal and will be posted on the AWS web site.

HS. Telephone Inquiries

Telephone inquiries to AWS Headquarters concerning
AWS standards should be limited to questions of a gen-
eral nature or to matters directly related to the use of the
standard. The AWS Board of Directors’ policy requires
that all AWS staff members respond to a telephone
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request for an official interpretation of any AWS standard
with the information that such an interpretation can be
obtained only through a written request. Headquarters
staff cannot provide consulting services. However, the
staff can refer a caller to any of those consultants whose
names are on file at AWS Headquarters.

H6. AWS Technical Committees

The activities of AWS technical committees regarding
interpretations are limited strictly to the interpretation of
provisions of standards prepared by the committees or to
consideration of revisions to existing provisions on the
basis of new data or technology. Neither AWS staff nor
the committees are in a position to offer interpretive or
consulting services on (1) specific engineering problems,
(2) requirements of standards applied to fabrications
outside the scope of the document, or (3) points not
specifically covered by the standard. In such cases, the
inquirer should seek assistance from a competent engi-
neer experienced in the particular field of interest.
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List of AWS Documents on Piping and Tubing

Designation Title

D10.4 Recommended Practices for Welding Austenitic Chromium-Nickel Stainless Steel Piping and Tubing
D10.6/D10.6M Recommended Practices for Gas Tungsten Arc Welding of Titanium Piping and Tubing
D10.7M/D10.7 Guide for the Gas Shielded Arc Welding of Aluminum and Aluminum Alloys

D10.8 Recommended Practices for Welding Chromium-Molybdenum Steel Piping and Tubing

D10.10/D10.10M

Recommended Practices for Local Heating of Welds in Piping and Tubing

D10.11M/D10.11

Guide for Root PSS Welding of Pipe Without Backing

D10.12M/D10.12

Guide for Welding Mild Steel Pipe

D10.13/D10.13M

Recommended Practices for the Brazing of Copper Tubing and Fittings for Medical Gas Systems

D10.18M/D10.18

Guide for Welding Ferritic/Austenitic Duplex Stainless Steel Piping and Tubing
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