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Abstract

This document presents recommendations for welding chromium-molybdenum steel pipe and tubing to itself and to
various other materials. Subjects covered in detail are filler metal selection, joint design, preheating, and postheating.
Particular emphasis is placed on the importance of maintaining interpass temperature and dangers inherent in interrupted
heating cycles.
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Foreword

(This Foreword is not a part of ANSI/AWS D10.8-96, Recommended Practices for Welding of Chromium-Molybdenum
Steel Piping and Tubing, but is included for information purposes only).

The chromium-molybdenum (Cr-Mo) steels considered in this document contain from one-half to nine percent
chromium and some molybdenum. These elements increase the corrosion and oxidation resistance of steel and impart
greater strength and microstructural stability at elevated temperatures.

Since such alloy additions also increase hardenability, steps must be taken to prevent cracking during and after solid-
ification by reducing stresses, limiting hydrogen content, and assuring adequate ductility. These steps include limiting
the addition of those elements which increase hardenability, preheating, using filler metals and processes which mini-
mize the addition of hydrogen to the weld, and postweld heat treatment (PWHT).

When these alloys are used in a corrosive environment, care should be taken to eliminate crevices and reduce hardness.
When the service conditions include exposure to high temperatures, consideration must also be given to the need for
increased creep strength and possible problems due to temper embrittlement and stresses resulting from differential ther-
mal expansion. In addition, when joining different chromium-molybdenum steels to each other or to austenitic chromium-
nickel stainless steels, consideration must be given to dilution during welding, diffusion of elements during service, and
differences in thermal expansion and corrosion resistance.

The selection of base metals is beyond the scope of this document; however, the selection of filler metals for various
base metal combinations and suggested preheating and postweld heat treating temperatures are included. This recom-
mended practice discusses the special considerations which are advisable when preheating and post heating. A more
complete treatment of this subject is to be found in ANSI/AWS D10.10, Recommended Practices for Local Heating of
Welds in Piping and Tubing. Also not discussed in detail are the methods of root-pass welding. These are treated fully in
ANSI/AWS D10.11, Recommended Practices for Root Pass Welding of Pipe Without Backing.

Comments and suggestions are welcome. They should be addressed to the Secretary, Committee on Piping and
Tubing, American Welding Society, 550 N.W. LeJeune Road, Miami, FL 33126.

iv
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Recommended Practices for Welding of
Chromium-Molybdenum Steel Piping and Tubing

1. Scope

These recommended practices apply to the arc weld-
ing of the following base-metal combinations:

(1) Similar chromium-molybdenum steels

(2) Dissimilar chromium-molybdenum steels

(3) Chromium-molybdenum to austenitic chromium-
nickel stainless steels

(4) Chromium-molybdenum to either carbon or carbon-
molybdenum steels
In this document, the chromium-molybdenum steel al-
loys are referred to as Cr-Mo steels.

Cr-Mo steels are used extensively in the power, chem-
ical, and petroleum industries. The properties of such
piping and tubing materials and the applicable fabrica-
tion and inspection requirements are addressed in a wide
range of documents, including:

(1) ASTM Material Specifications

(2) ASME Codes for Pressure Piping, B31

(a) Power Piping (ANSI/ASME B31.1)
(b) Chemical Plant and Petroleum Refinery Pip-
ing (ANSI/ASME B31.3)

(3) ASME Boiler and Pressure Vessel Codes (Sections
I IIA, IIC, VIII, and IX)

(4) NBIC National Board Inspection Code for Boilers
and Pressure Vessels (ANSI/NB-23)

(5) API Piping Inspection Code (Inspection, Repair,
Alteration and Rerating of In-Service Piping Systems),
(API 570).

2. Base Metals

2.1 General. Table 1 lists the types of steel considered
and the nominal chemical compositions and abbrevia-
tions by which they will be identified in this document. If
materials not listed in Table 1 are used, the contents of

Copyright by the American Welding Society Inc
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Table 1
Base Metal Abbreviations
Types of Steel
ASME/
ASTM
Nominal Composition Grade* Abbreviation
Carbon Steel (less than 0.35% C) A, B, orC C-steel
Carbon—1/2% Mo Plor Tl C-Mo
1/2% Cr—1/2% Mo P2 or T2 1/2 Cr-Mo
1% Cr—1/2% Mo P12 or T12 1 Cr-Mo
1-1/4% Cr—1/2% Mo PllorTil 1-1/4 Cr-Mo
2% Cr—1/2% Mo T3b 2 Cr-Mo
2-1/4% Cr—1% Mo P220orT22 2-1/4 Cr-Mo
3% Cr—1% Mo P21 or T21 3 Cr-Mo
5% Cr—1/2% Mo P50rT5 5 Cr-Mo
7% Cr—1/2% Mo P7 or T7 7 Cr-Mo
9% Cr—1% Mo PY or T9 9 Cr-Mo
9% Cr—1% Mo-V, Nb, and N P91 or T91 9Cr-Mo-V
18% Cr—8% Ni TP-304 304 8. 8.
18% Cr—12% Ni-Mo TP-316 3168S. S.
18% Cr—10% Ni-Nb (Cb) TP-347 3478S.8S.
18% Cr—10% Ni-Ti TP-321 3218S.8S.
25% Cr—20% Ni TP-310 3108S.S.

*Table uses Symbols P (pipe), T (tube), and TP (tube or pipe). Other
product forms with same nominal chemistry for which this document
applies are CP (cast pipe), F (forging), FP (forged pipe), and WP
(welded pipe).

this document may not apply. This will be especially true
if the hardenability is increased by the presence of a
higher carbon content. The carbon content of the materi-
als listed is usually below 0.15 percent.

The primary factors governing the choice of filler
metals are the composition of the base metals to be
Joined and the service conditions of the system. Gener-
ally, the filler metal composition and the mechanical
properties of the deposited weld metal should match
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those of the base metals as closely as possible. Where
service includes corrosion or oxidation, the corrosion
and oxidation characteristics of the base metals and the
weld deposit should be either matched as closely as pos-
sible or selected to minimize galvanic reaction.

2.2 Base-Metal Addition. Since the last edition of this
recommended practice, one new Cr-Mo alloy has been
added. It has a nominal composition of 9% Cr and 1%
Mo, but vanadium, niobium (columbium), and nitrogen
have been added to improve mechanical properties and
corrosion resistance at elevated temperatures. This new
material has been assigned the grade designation of P91
and T91. Its weldability is similar to that of conventional
9 Cr-Mo materials. Special filler metals have been devel-
oped for some welding processes.

3. Filler Metals

3.1 General. Suggested filler metals for various base-
metal combinations are shown in Table 2. The filler met-
als in this table are listed in accordance with the AWS
classifications for electrodes and rods for the shielded
metal arc welding (SMAW), gas tungsten arc welding
(GTAW), gas metal arc welding (GMAW), and flux
cored arc welding (FCAW) processes. The classifications
of filler metals for other processes will be in accordance
with the specifications for those specific processes.

Until recently the 5, 7, and 9 Cr-Mo electrodes and
filler metals had been included in the same AWS filler
metal specifications as austenitic stainless steels and had
been assigned classifications such as E502. Recognizing
that these filler metals are basically low-alloy steels,
their classifications have been transferred to AWS’s low-
alloy filler metal specifications and have been assigned
classifications such as E8018-B6. During these transition
years, welding procedures and filler metal inventories
can be expected to use both classifications. For the
convenience of the user, Table 2 of this document lists
these electrodes with their respective old and new
classifications.

Cr-Mo piping systems are usually selected for corro-
sion resistance, high-temperature creep strength, or both.
Since corrosion resistance is often associated with maxi-
mum hardness, low-carbon electrodes (e.g., E8018-
B3L), which are less air hardenable, are frequently se-
lected for such applications. However, if high-tempera-
ture creep resistance is a major design consideration,
minimum carbon levels may be required, and a minimum
percent carbon (such as 0.05%) may be specified by the
user.

3.2 Low Hydrogen. To reduce the probability of crack-
ing, low-hydrogen practices should be followed. Poten-

Copyright by the American Welding Society Inc
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tial sources of hydrogen should be minimized or
eliminated. This means both removing moisture and
other hydrogen-containing materials (such as cutting
oils) from the surfaces of the base metals and using clean
and dry filler metals and shielding gases. The moisture
content of filler materials must be kept low by proper
manufacturing, packaging, storage, and usage proce-
dures, or by redrying and cleaning.

All low-hydrogen electrodes exposed to the atmo-
sphere for times in excess of the recommended time
period should be reconditioned according to the manu-
facturer’s recommendations.

Moisture control is of special concern when joining
two different base metals. While it is common practice
for the electrode to match the chemical composition of
the lower alloyed material, the moisture limits should be
based upon the higher alloyed ferritic base metal. This is
because higher alloyed and higher strength ferritic steels
are more susceptible to hydrogen-induced cracking.
Since most austenitic stainless steel and nickel alloy
electrodes are likely to contain more moisture than many
Cr-Mo steel electrodes, it is advisable to carefully rebake
such electrodes before they are used for welding Cr-Mo
steels.

The time during which low-hydrogen electrodes may
safely be exposed to the atmosphere (and thereby absorb
some moisture) can be extended by the use of electrodes
whose coverings have been specially designed and pro-
cessed to reduce the rate of moisture absorption. For
electrodes meeting such requirements, AWS provides an
“R” designator (e.g., E7018R and E8018-B2-R).

If contamination is observed or suspected the follow-
ing actions are suggested:

3.2.1 Atmospheric moisture absorption by shielded
metal arc welding (SMAW) electrodes or submerged arc
welding (SAW) fluxes may be corrected by rebaking the
material in accordance with the manufacturer’s recom-
mendations. Should this information not be available, the
user should determine an appropriate rebaking proce-
dure. As a starting point, rebake a small quantity of
SMAW electrodes at 700°F (370°C) for one hour. Since
rebaking may reduce the bond between the covering and
the core wire, the user should determine if adhesion of
the coating to the core wire has been damaged or if weld-
ing operability has been adversely affected. If so, the re-
bake temperature will need to be reduced. SAW fluxes
should be rebaked for 1 hour at about 600°F (315°C). For
electrodes and fluxes, rebake temperatures below 500°F
(260°C) are not recommended.

3.2.2 SMAW electrodes or SAW fluxes should be dis-
carded if contaminated with materials such as hydro-
carbons or exposed to water (such as left in the rain).
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Table 2
Suggested Filler Metals for Various Base Metal Combinations
1/2-1-1/4 2 &2-1/4 3&5 7 9 9
Base Metals C-Steel C-Mo Cr-Mo Cr-Mo Cr-Mo Cr-Mo Cr-Mo  Cr-Mo-V  3XX-S§
C-Steel ! A A A A A A A I’
C-Mo A B B B B B B B I3
1/2-1-1/4 Cr-Mo A B C? C C C C C | CR
2 & 2-1/4 Cr-Mo A B C D D D D D I3
3&5Cr-Mo A B C D E E E E I3
7 Cr-Mo A B C D E F F F I’
9 Cr-Mo A B C D E F G G g
9 Cr-Mo-V A B C D E F G H I’
3XX-SS I} 3 3 & & I’ I’ I} 4
Letter Composition SMAWS GTAW/GMAW FCAW
A C-Steel E7108 ER708-2 or 3 E7X-T5M, -T9M, or -T12M
B C-Mo E7018-Al ER70S-B2L or E7XT5-AIM or
ER80S-B2 (7) E8XT1-AIM
C 1-1/4 Cr-Mo E7018-B2L or ER70S-B2L or ERXTX-B2LM or
ER018-B2 ER80S-B2 ESXTX-B2M
D 2-1/4 Cr-Mo E8018-B3L or ER80S-B3L or E9XTX-B3LM or
E9018-B3 ER90S-B3 E9XTX-B3M
E 5Cr-Mo E8018-B6 or B6L ERB0S-B6 Note 7
E502-158 ER502°
F 7 Cr-Mo E8018-B7 or B7L Note 7 Note 7
E7 Cr-158
G 9 Cr-Mo E8018-B8 or BSL - ER80S-B8 Note 7
E505-158 ER505°
H 9 Cr-Mo-V E9018-B9 ER90S-B9 Note 7
I Ni-Cr-Fe ENiCrFe-2 or -3 ERNiCr-3 Note 7
Notes:
1. See AWS D10.12, Recommended Practice and Procedures for Welding Plain Carbon Steel Pipe.
2. For 1/2 Cr-Mo base metals, E8018-B1 and E8xT1-B1M or -B1/LM may be used for SMAW and FCAW respectively.
3. For non-cyclic thermal service up to about 600°F (315°C), type E309 or E309Mo stainless stee] filler metal is frequently used.
4. See AWS D10.4, Recommended Practices for Welding Austenitic Chromium-Nickel Stainless Steel Piping and Tubing.
5. These classifications are shown in the following AWS filler metal specifications for the applicable welding processes:
Material SMAW GTAW/GMAW FCAW
C-Steel A5 AS5.18 A5.20
Low-Alloy Steel AsS A5.28 A5.29
Nickel Alloys AS.11 AS.14 —
300 Series SS AS5.4 AS.9 AS5.22

See appropriate AWS filler metal specifications for other welding processes.

- While electrode with type 18 coverings or coatings are shown on this table, electrodes with type 15 and 16 coatings are equally acceptable.

. Filler metals with matching chemical compositions have not been classified by AWS and may not be commercially available.

. Newer E8018-BX are classified in AWS specification A5.5.....c.ccoveevvverirennnes Older ES0X-XX and E7Cr are classified in AWS specification A5.4.
. Newer ER80S-BX are classified in AWS specification AS.28 .........ccocecvcecrene. Older ERS0X are classified in AWS specification AS5.9.

D 00~ O
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3.2.3 Moisture on bare, solid wires may be removed
by heat or clean, dry air.

3.2.4 Hydrocarbons on bare, solid wires may be re-
moved by degreasing, rinsing, and thoroughly drying.
(Spools and coils may require rewinding.)

3.3 Backing Rings and Consumable Inserts. The
chemical composition of backing rings and consumable
inserts usually is similar to that of the filler metal, al-
though lower alloy compositions have been used suc-
cessfully. Since a lower alloy composition of the backing
ring or consumable insert may reduce the corrosion and
creep resistance of the weld, it should not be employed
without first reviewing the service requirements of the
fabricated part. Such a review is also necessary when
temporary backing rings are used, because the dilution of
the weld metal by the backing material affects the chemi-
cal composition of the final weld.

3.4 Applications. Applications for the filler metals
shown in Table 2 are the following:

3.4.1 Joining Similar Steels. In addition to matching
the composition and mechanical properties of the base
metal as closely as practical, the chromium and molyb-
denum content and the tensile strength of the weld metal
should not be lower than the minimum values specified
for the base metal.

3.4.2 Joining Dissimilar Ferritic Steels. Where dis-
similar metals are being welded, the only four possible
filler metal compositions are (1) the lower alloy base
metal composition, (2) the higher alloy base metal com-
position, (3) an intermediate composition, or (4) a com-
position different from any of the first three. Where both
base metals are ferritic, the fourth possibility mentioned
above (that of an entirely different alloy) is of special
concern for service at elevated temperatures or in corro-
sive environments. Consistent with the factors listed
above, this fourth possibility should normally be consid-
ered only where one of the base metals is stainless steel
or a nickel or copper alloy.

Where only ferritic metals are being joined, good ser-
vice results have been achieved with all of the first three
possible ferritic filler metal compositions. However, the
majority of users select either a lower or an intermediate
composition of filler metal for butt joints because the
weld metal does not need to be stronger or more resistant
to corrosion or creep than the lower alloyed base metal.

Table 2 follows the aforementioned concepts. Ex-
ceptions are advisable in the case of supports, hanger
lugs, and similar parts attached to a piping or tubing sys-
tem. Filler metal should then be selected to match the
mechanical and chemical properties of the pressure-
retaining part in order to compensate for dilution during
welding.
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3.4.3 Joining Ferritic to Austenitic Chromium-
Nickel Steels. When joining ferritic steels to austenitic
chromium-nickel steels, the composition and properties
of the weld metal represent a mixture of the two base
metals and the filler metal. A consideration of the result-
ant mechanical, metallurgical, and corrosion-resistance
properties eliminates the use of the following:

(1) Ferritic filler metal, or austenitic steel filler metal
of approximately 18% Cr-8% Ni composition, since the
resultant diluted weld metal will be martensitic, with
lower ductility and increased cracking susceptibility.

(2) Fully austenitic stainless steel filler metal (such as
type E310), since these may produce weld metal with
microcracks which can propagate into serious cracking.

(3) High-nickel alloy electrodes with titanium addi-
tions (such as ERNiCrFe-6) which will produce weld
metal deposits with over 0.75% Ti, since these may age-
harden during subsequent heating operations.

Successful welds have been made with Type E309
stainless steel filler metal, which are slightly ferritic
(Ferrite Numbers 2-10) and contain sufficient chromium
and nickel to compensate for dilution. However, weld de-
posits may contribute to thermal stress or fatigue prob-
lems if the weld is exposed to thermal cyclic service or to
temperatures above 600°F (315°C). This is due to the
pronounced difference in thermal coefficient of expan-
sion between the ferritic base metals and the austenitic
stainless steels. The thermal stresses which are produced
may exceed the yield point and can initiate and then
propagate cracking at or near the fusion line. In addition,
at elevated temperatures, carbon migrates from the chro-
mium-molybdenum base metal to the 300-series stainless
weld metal, producing a decarburized zone that has
weakened and can shorten the life of the joint.

Thermal stresses between ferritic and austenitic base
metals cannot be eliminated or even reduced. However,
they can be distributed over a wider area with a weld
metal whose coefficient of expansion is intermediate be-
tween the two base metals. Nickel-base filler metals con-
taining about 65% Ni, 15% Cr, and 12% Fe meet this
requirement and are capable of producing weld metal
that is metallurgically and mechanically sound. Further-
more, they reduce carbon migration from the chromium-
molybdenum base metal. Typical AWS classifications
for this type of filler metal are ENiCrFe-2, -3, or -4 and
ERNiCr-3. However, high-nickel alloys are less resistant
to high-temperature sulphur corrosion than the higher al-
loyed Cr-Mo steels and all austenitic stainless steels.
Furthermore, high-nickel alloys often call for different
welding techniques and joint designs, since these filler
metals have less fluidity than austenitic chromium-nickel
stainless steels.

3.4.4 Use of Transition Sections and Buttering.
Where dissimilar metals are to be joined, it is sometimes
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better to avoid a butt joint between the two base metals.
This can be accomplished either by interposing a short
transition section, sometimes called a safe end, or by but-
tering one of the metals with the filler metal before pro-
ceeding to weld the butt joint. These procedures are
commonly used when postweld heat treatment is required
on one of the base metals and not the other, or to avoid a
field heat-treating operation. For example, when a ferritic
base metal is to be joined to an austenitic base metal, the
heat treatment can be detrimental to the austenitic base
metal due to embrittlement by sigma phase. This can be
overcome by buttering the ferritic side of the joint with a
nickel-base alloy; this would be followed by heat treat-
ment. The weld between the buttered end and the austen-
itic stainless steel will not require heat treatment. The
same reasoning applies to two ferritic metals when only
one of them requires heat treatment. In this case, how-
ever, the transition section or filler metal should be an
iron-based alloy rather than a nickel-based alloy.

3.5 Other Filler Metals. The filler metals listed in Table
2 are not necessarily the only ones suitable for such
welds. Other filler metals may well be proven acceptable
by procedure qualification and service tests. The table
lists electrodes and rods for the SMAW, GTAW, GMAW
and FCAW processes. Where other welding processes
are used, filler metal of equivalent compositions and
properties should be selected, provided that the dilution
with these processes produces equivalent weld-metal
compositions.

4. Joint Design and Preparation

4.1 Standard Joint Preparations. Standard joint prepa-
rations, such as those established in ANSI B16.25, are
suitable for the base metals covered by this document.
The geometry of the joint should minimize any notch
conditions that might lead to stress concentration. Sharp
corners or sudden changes in section thickness or shape
should be avoided.

Preheating practices for tack welding are generally
the same as those used in the welding of the joint. Strik-
ing the arc on the pipe or tube in areas where the welding
or heat-treating will not remove the effects of the arc
strike should be avoided.

4.2 Root-Pass Considerations. Weld bevel and fit-up
should assure complete joint penetration without exces-
sive melt-through. If a backing ring is used, the weld
bevel and fit-up must permit complete fusion of the weld
to both the ring and the pipe bevels. Backing rings
should not be used when service requires extreme clean-
liness or involves a corrosive environment. In such ser-
vice, crevices between the ring and the inner surface of
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the pipe or tube must be avoided. There are other appli-
cations, such as those involving high-velocity fluids or
internal cleaning devices (e.g., scraping pigs) where
backing rings are likely to cause operational difficulties.
In such cases, the root pass is made using GTAW or
GMAW without a backing ring. Recommended proce-
dures for such welds are given in ANSIVJAWS D10.11,
Recommended Practices for Root Pass Welding of Pipe
without Backing.

Two practices which apply to the root pass welding of
Cr-Mo steels should be considered:

(1) Back purging of Cr-Mo joints is often required to
prevent oxidation on the ID of the pipe. While there is
not a fixed rule, the following common practices, which
are based upon the chemical composition of the filler
metal, are often selected:

Under 4% Cr: No back-purge

4-6% Cr: Sometimes back-purge (based on ser-
vice requirements)

Over 6% Cr:  Always back-purge

(2) For up to 2-1/4% Cr-Mo joints, some European
fabricators use rutile coated SMAW electrodes success-
fully for the root passes when welding butt joints for
standard wall piping. Since these are not low-hydrogen
systems, adequate preheating becomes very important.
Such electrodes had been commercially available in the
U.S. through the 1950s and had been classified by AWS
as E8013-B2 and E9013-B3.

4.3 Fit-Up. In addition to tack welds, joint alignment
can be maintained by internal or external supports, jigs,
or fixtures. They should be adequate for holding the joint
in place and minimizing tensile and bending or trans-
verse stresses during welding. However, they should be
flexible enough or should be removed during the course
of welding in order to permit normal weld shrinkage and
thereby reduce stresses that might cause cracking. Ex-
ternal supports should also be designed so that they do
not interfere with adequate access to the joint during
welding. '

The following are two common types of external sup-
ports for pipe and tube:

(1) Pipe clamps bolted together around each pipe and
joined by bars with turnbuckles to adjust the load and to
maintain a specified root opening

(2) U-shaped bridges that are welded to each pipe and
cross above the joint with adequate space beneath them
for welding

5. Preheating

5.1 General. Preheating is recommended for all Cr-Mo
steels and should be maintained throughout the entire



welding operation. This includes prior to any thermal
cutting, prior to striking an arc for tack welding and after
weld interruptions. In some cases, the preheat is main-
tained during interruptions, until some type of post-heat-
ing is started, or both. The area to be welded or thermally
cut should be heated to the minimum temperatures sug-
gested in Table 3, unless the applicable governing docu-
ment requires a higher temperature. Where dissimilar
alloys are involved that require different minimum pre-
heating temperatures, the higher temperature should be
used and maintained during welding.

For some materials, maximum preheat or interpass
temperature limits, or both, have also been established.
Such limits apply primarily to materials heat treated to
achieve specific properties, such as low-temperature
notch toughness, and for materials not suitable for high-
temperature service. Since the Cr-Mo steels discussed in
this document are usually selected for elevated tempera-
ture service conditions, maximum preheat and interpass
temperatures are usually not required by metallurgical
considerations but may be imposed because of welder
comfort. However, for dissimilar metal joints involving
austenitic stainless steels and nickel alloys, a maximum
interpass temperature should be specified.

Temperatures lower than those given in Table 3 are
recommended for the welding of the root pass with
GTAW on low-chromium alloys. Lower temperatures
permit better control of the shape of the root bead, with
less likelihood of excessive reinforcement or melt-
through. The slower travel speed and the lower hydrogen
and moisture levels associated with the GTAW process

Table 3
Suggested Minimum Preheat
Temperatures for Various Base Metals

Base Metal °F °C
C-Steel 50 10
C-Mo and 1/2 Cr-Mo 175 80
1-1-1/4 Cr-Mo 250 120
2-3Cr-Mo 300 150
5-9 Cr-Mo 400 200
9 Cr-Mo-V 400 200
300-SS 50 0
Notes:

I Some codes require slightly higher preheat temperatures.

2. For wall thickness exceeding 1 in. (25 mm), for conditions of high
restraint and when PWHT is not employed, higher preheat tempera-
tures are beneficial.

3. When the GTAW process is used for root passes, lower preheat tem-
peratures are sometimes desirable for the root pass only.

4. When joining two different Cr-Mo steels, the minimum preheat tem-
perature should be based upon the higher alloyed Cr-Mo steel.

5. When joining Cr-Mo steels to C, C-Mo or 3XX stainless steels, the
minimum preheat temperature should be based upon the Cr-Mo
steel.
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justify some reduction in preheat temperature. Lower
preheat temperatures are sometimes also used for tack
welding, but this requires careful inspection to be sure
that the welds and the heat-affected zones (HAZs) are
free of cracks. When welding must be performed in con-
fined areas, it may be necessary to use low preheat tem-
peratures for the safety of the welder. However, any
deviations from the temperatures in Table 3 should be
made in accordance with the applicable code, and they
should be verified by both procedure qualification tests
and service experience.

Heating should not be limited to the metal surface.
Sufficient time and energy should be provided to permit
uniform soaking of the entire weld area. Heat should be
applied by a method that will produce a uniform temper-
ature around the joint. The width of the heated band
should be sufficient so that the required temperature is
achieved throughout the thickness.

Oxyfuel gas torch heating may produce excessive
temperature gradients not only through a thick wall but
also around the circumference, unless heating is done
slowly and uniformly around the joint. Special care is re-
quired when the same surface is used for heating and for
measuring the temperature. To be sure that through-heat-
ing and not just surface heating has been achieved, it is
advisable to wait about one minute between removal of
the heating torch(es) and the measurement of the temper-
ature. This is not a problem when heating from one side
and measuring the temperature from the other. Thus,
when access and safety considerations permit, effective
preheating can be achieved by placing the heating torch
inside the pipe while welding from the outside.

Another preheating method involves the use of wrap-
around electric resistance heaters. These heaters are typi-
cally used in conjunction with thermocouples attached
to the pipe to monitor and control temperatures. Such
preheating provides uniform, continuous heat before
welding, while welding is in progress, and during inter-
ruptions. Use of thermocouples to monitor and control
temperature also permits a permanent record of the pre-
heat temperature to be produced for quality assurance
purposes. However, the magnetic field produced by the
flow of electricity through some configuration of resis-
tance elements may produce arc blow while depositing
the root pass.

5.2 Interruption of Heating Cycle. Preheat is normally
maintained until the welding has been completed. How-
ever, an interruption of the preheat may be acceptable
after evaluating the situation. The effects of interrupting
the heating cycle are primarily mechanical in nature. A
combination of residual stresses, low ductility, and the
presence of hydrogen may promote cracking at ambient
temperatures. Thus, when welding thicker sections or
higher alloyed Cr-Mo steels (greater than three percent
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chromium), it is often advisable to retain the preheat
without interruption until postheating or postweld heat
treatment is started.

When interrupting or after completing the welding of
a Cr-Mo steel joint, and prior to dropping the preheat, it
is advisable to increase the temperature by about 100°F
(50°C) for at least 15 minutes and sometimes up to
4 hours to permit hydrogen to diffuse out and decrease
the risk of hydrogen-induced cracking. The need for such
a heating procedure increases as the alloy content, and
thereby the hardenability increases, or the joint is subject
to high restraint. Extended time, higher temperatures, or
both should be considered whenever thicker materials or
low-preheat temperatures are involved. Such treatment is
often called postheating.

5.3 Moisture and Other Materials Containing Hydro-
gen. Hydrogen can be introduced into the arc from both
water vapor and hydrogen-containing compounds. If hy-
drogen is absorbed in the metal, it may interact with re-
sidual stresses and cause cracking when the weldment is
cooled. Therefore, interrupting the preheating cycle is
safer when dry and clean base metals, welding consum-
ables, and shielding gases have been used. When using
the SMAW or FCAW processes or when there is some
concern about hydrogen pick-up, hydrogen can be re-
duced by postheating as described in 5.2.

5.4 Joint Restraint. Interruptions of the heating cycle
are more risky if a partially completed weld is subject to
bending moments or high axial loading.

(1) Such bending moments may be encountered while
transporting inadequately supported, partially welded
piping assemblies such as moving them to a heat treating
or inspection area.

(2) High axial loading is encountered during preten-
sioning operations called cold-springing. This is used for
closure welds of pipe intended for elevated temperature
service. The pipe is deliberately installed too short in
order to compensate for thermal expansion. The tension-
ing device used to position the joint for welding should
not be removed until all welding and all postheating has
been completed.

5.5 Mass of the Base Metal. An increase in pipe wall
thickness increases both the restraint on the weld and the
cooling rate from welding temperatures. Thus the weld
area is subjected to high residual stresses at a time when
it may be less ductile.

For a given joint, the greater the percentage of the
weld that has been completed, the more nearly the
strength and rigidity of the joint approach those of a
completed weld. Therefore, any interruption of the weld-
ing is generally not permitted until some minimum
amount of weld metal has been deposited. Wherever in-
terruptions are permitted, the weldment must be cooled
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slowly and uniformly. Welding should not proceed until
the preheat temperature has been reestablished in the
weld area.

Based on industrial experience, the following is sug-
gested regarding interrupted heating cycles in the weld-
ing of the Cr-Mo steels included in this document.
However, it must be emphasized that such general sug-
gestions should be interpreted in the light of the factors
mentioned above and the specific job conditions. They
should not be applied indiscriminately.

§.5.1 For Cr-Mo steels containing less than 4 percent
chromium, the heating cycle may be interrupted pro-
vided the greater of two layers has been deposited or 1/3
of the groove has been filled with weld metal. In addi-
tion, the welding procedure should employ adequate pre-
heating, dry low-hydrogen filler metals, post-heating and
slow cooling to ambient temperatures.

5.5.2 For Cr-Mo grades containing 4 percent or more
chromium, the heating cycle should not be interrupted
until the weld has been completed.

6. Postweld Heat Treatment (PWHT)

6.1 General. The three primary benefits derived from
PWHT are the following:

(1) Stress relieving

(2) Tempering (softening) and restoring ductility

(3) Diffusing hydrogen

A combination of these can reduce the risk of crack-
ing, improve mechanical properties and provide better
corrosion resistance. Suggested PWHT temperatures for
various base metals are listed in Table 4. For joints in-
volving several materials, the temperatures for the high-
est alloyed Cr-Mo steel are usually selected.

6.2 PWHT Temperatures. The temperature ranges
listed in Table 4 are broad in order to accommodate
different needs for different industries. Other, and at
times more restrictive, PWHT temperatures have been
accepted on the basis of code requirements, welding pro-
cedure qualifications, and service experience. For in-
stance, when normalized and tempered steels are used,
the PWHT temperature should be lower than the temper-
ing temperature. When high creep and rupture strength
are the primary concerns (as in the power industry), the
temperatures selected are often at the lower end of the
range. However, when resistance to corrosion and hydro-
gen embrittlement are the primary concerns (as in the pe-
troleum and chemical industry), temperatures at the
higher end of the range are often used.

6.3 PWHT Holding Time. Most codes require a holding
time at the specified temperature of 1 hour per inch of
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Table 4
Suggested PWHT Temperature Ranges
Thickness Temperature Ranges?
Materials Inch mm °F °C
none!
C-Steel Sgﬁ S}g
> > 1100-1200 590-675
none!
C-Mo and 1/2 Cr-Mo <518 <16
>5/8 >16 1150-1300 620-700
none!?
1-1-1/4 Cr-Mo <12 s13
>172 >13 1250-1375 675-750
none!?
2-3 Cr-Mo /8 <10
>3/8 >10 1300-1400 700-760
5-9 Cr-Mo all 1300-1400 700-760
9 Cr-Mo-V all 1350-1400 730-760
300-Series SS all none

Notes:

1. For certain corrosive environments, PWHT is required for all thicknesses.
2. Maximum pipe diameters and maximum of 0.15% C are sometimes applied.
3. To achieve special hardness limits or other mechanical properties, holding time and/or temperature may have to be modified.

thickness (25 mm), but they differ considerably regard-
ing the minimum time at temperature for Cr-Mo steels:
ASME B31.1 requires only 15 minutes and ASME B31.3
requires 120 minutes.

For thin materials, it takes only 15 minutes to relieve
an adequate amount of residual stresses which is a pri-
mary concern of ASME B31.1. However, it takes longer
to temper the material and provide satisfactory corrosion
resistance which is usually a primary consideration for
ASME B31.3 fabrication. The latter is of special interest
for Cr-Mo steels exceeding 4% Cr.

6.4 Heating and Cooling. Heating requirements also
differ considerably. While there is general agreement that
heating should be uniform, only ASME B31.1 specifies a
maximum heating rate of 600°F per hour for up to 2 in.
(50 mm) thick pipe. However, piping built to ASME
B31.3 has performed successfully when heated from am-
bient to PWHT temperature in a few minutes.

Cooling requirements also differ considerably, but
there is general agreement that the cooling should be
uniform to minimize the reestablishment of residual
stresses. While ASME B31.3 does not list or spell out
any numerical requirement, ASME B31.1 specifies a
maximum cooling rate of 600°F per hour for thicknesses
up to 2 in. (50 mm) pipe. This has been an accepted rate
for up to 3% Cr-Mo steels. However, for higher alloyed
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Cr-Mo steels, an extended holding time, a slower cooling
rate, or both, may be needed to meet specific hardness re-
quirements. It is advisable to use the Welding Procedure
Qualification to determine the adequacy at the specific
holding time and cooling rate.

6.5 Local PWHT. The above requirements can easily be
met when the entire piping or tubing assembly is
postweld heat treated in a furnace. Since this often is not
possible, local PWHT represents an acceptable alterna-
tive. The method and the equipment for heating should
provide uniform heating around the circumference. If
branch connections are postweld heat treated, care
should be taken to heat a wide band of metal all around
the pipe or tube into which the branch is welded. Other-
wise, local expansion and permanent upsetting may
leave the heated area with higher and more extensive
stresses than those present in the as-welded structure.
For local heat treatment, a circumferential band
around the pipe should be heated to the specified temper-
ature range. The heating band shall straddle the center-
lines of the butt, nozzle, or attachment joints. Figure 1
illustrates the minimum width of the band which accord-
ing to the two most frequently specified American piping
codes must be heated to the PWHT temperature. While
they did not have identical requirements, both appear to
provide satisfactory results and either can be followed
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BUTT JOINT NOZZLE WELD
Minimum band width for local PWHT
Code PARA. Pipe or tube butt joint Attachment or nozzle weld
ASME B31.1 132.7 3t D+ 4t
ASME B31.3 331.2.6 W+2in. D+2in.

Note: 2 in. equals approximately 50 mm.

Figure 1—ASME B31.1 and B31.3 Bandwidth Requirement for Local PWHT

for non-code applications. To produce satisfactory re-
sults, the temperatures should gradually diminish outside
the heated band. This is usually achieved by extending
heating elements and the insulation beyond this band.
For a detailed discussion of local PWHT, please refer to
ANSV/AWS D10.10, Recommended Practices for Local
Heating of Welds in Piping and Tubing.

6.6 Quality Control of PWHT. Adequacy of any pro-
duction PWHT operation involving Cr-Mo steels can be
established by carefully monitoring properly installed
thermocouples. The postweld heat treated weldments can
also be inspected by hardness testing; a wide range of
portable instruments is available. When using such in-
struments, it is important to inspect not only the weld
deposit, but also the HAZs.

For the materials covered by this document, the hard-
ness numbers drop after PWHT.The specific change in
hardness depends upon the individual alloy and the ap-
plied PWHT cycle. Some codes (e.g., ASME B31.3) and
some job specifications dealing with corrosive service
specify maximum hardness limits. For other applica-
tions, the ability to pass the bend test, associated with
procedure qualifications, demonstrates adequate ductility.

7. Repair and Maintenance Welding
of Service Exposed Cr-Mo Piping
and Tubing

While this section is not intended to review all pos-
sible repair and maintenance options, three subjects re-
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lated primarily to Cr-Mo piping and tubing should be
considered.

7.1 Base-Metal Contamination. Cleaning metal sur-
faces prior to welding on any new or used materials ap-
plies to all metals. However, Cr-Mo steel which has been
in high-temperature hydrogen service, may have ab-
sorbed some hydrogen. When welding over such con-
taminated steels, the heat associated with any welding
process can diffuse some of the hydrogen. If this hydro-
gen enters the newly deposited weld metal, it is likely to
cause porosity and even cracking. Often, the welder, es-
pecially when using the GTAW process, can see these
gas bubbles in the weld puddle. This problem can be
overcome by heating the steel for about 15 to 30 minutes
prior to welding. While optimum holding times and tem-
peratures have not been established, present recommen-
dations range from 400 to 1200°F (200-650°C). A test
weld or a bead on the bevel face using the GTAW pro-
cess may demonstrate the weldability of service exposed
steels.

7.2 Temper Embrittlement. Some Cr-Mo steels can
embrittle when exposed to elevated temperatures for an
extended time. This loss of ductility at ambient tempera-
ture, which is known as femper embrittlement, has been
experienced primarily in 2-1/4% Cr-Mo steels which had
operated for many months at about 850°F (450°C). Since
these embrittled steels have an acceptable ductility at a
typical preheat temperature of 300°F (150°C), temper
embrittlement does not normally present a welding prob-
lem. However, this low ductility can be a problem when
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pressure testing or pressurizing the piping system at
lower temperatures.

7.3 Relaxation of PWHT Requirements. While new
Cr-Mo steel fabrication and construction often requires
full furnace or full encirclement PWHT (as described in
6.4), several inspection-type codes have provided some
relaxations when repairing or modifying Cr-Mo piping
and tubing systems. The following documents provide
some relaxations and at the same time impose several
controls and limitations for which the specific document
should be consulted:

(1) API-570 permits spot heating of the weld area in
place of heating a circumferential band around the pipe
and the nozzle.

(2) ANSI/NB-23 permits the substitution of higher
preheat temperatures, postheating and temper bead weld-
ing as an alternative to PWHT of carbon and low-alloyed
steels. However, due to lack of experimental data, care
should be exercised when applying the alternative
method to Cr-Mo steels with more than 2-1/2% Cr.

Spot PWHT can achieve the same reduction in hard-
ness as conventional PWHT. Temper beading can also
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soften the weldment, but the adequacy of the procedure
must be demonstrated. However, neither system can be
expected to appreciably lower any welding-related resid-
ual stresses. There is some concern that the API method
may increase distortion and residual stresses in the longi-
tudinal direction.

8. Safe Practices

These recommended practices may involve hazardous
materials, operations, and equipment. Reference to ANSI
Z49.1, Safety in Welding, Cutting, and Allied Processes,
along with applicable Material Safety Data Sheets*, is
strongly recommended so as to be aware of health and
safety precautions associated with the materials and pro-
cesses discussed in this document.

*Material Safety Data Sheets (MSDS) are available through the
material suppliers. Additional sources of safety related infor-
mation are listed in Annex A.
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Annex A

List of Safety Related References

1. American Welding Society (AWS). Arc Welding and
Cutting Noise. Miami, FL: American Welding Society,
1979.

2, . Effects of Welding on Health I, 11, 111, and IV.
Miami, FL: American Welding Society, 1979, 1981,
1983.

3. ———. Fumes and Gases in the Welding Environ-
ment. Miami, FL: American Welding Society, 1979.

4. . The Welding Environment. Miami, FL: Amer-
ican Welding Society, 1973.

5. ———. Ultraviolet Reflectance of Paint, Miami:
American Welding Society, 1976

6. Balchin, N. C. Health and Safety in Welding and Al-
lied Processes, 3rd Ed. England: The Welding Institute,
1983.

7. Compressed Gas Association, Inc. Handbook of Com-
pressed Gases, 2nd Ed., New York: Van Nostrand Rein-
hold Co., 1981.

8. . Safe Handling of Compressed Gases in Con-
tainers, P-1, New York: Compressed Gas Association,
1974.

9. Dalziel, C. F. “Effects of electric current on man.”
ASEE Journal (6): 18-23, 1973.

10. Fireman’s Fund Insurance Companies. Welding
Fume Control with Mechanical Ventilation, 2nd Ed. San
Francisco, CA: Fireman’s Fund Insurance Companies,
1981.
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11. National Fire Protection Association (NFPA).
ANSI/NFPA 51B-1977, Cutting and Welding Processes,
Quincy, MA: National Fire Protection Association, 1977.

12. The Welding Institute. The Facts About Fume. En-
gland: The Welding Institute, 1976.

Further detailed information may be found in the pub-
lications of the following organizations.

1. American Welding Society (AWS)
550 N.W. LeJeune Road
Miami, FL 33126

2. Occupational Safety and Health Administration
(OSHA), all publications available from:
Superintendent of Documents
U.S. Printing Office
Washington, DC 20402

3. American Conference of Governmental Industrial
Hygienists (ACGIH)
1330 Kemper Meadows Drive, Suite 600
Cincinnati, OH 45240-1634

4. National Institute for Occupational Safety and Health
(NIOSH)

4676 Columbia Parkway
Cincinnati, OH 45226

5. National Fire Protection Association (NFPA)
P.O. Box 9101
I Batterymarch Park
Quincy, MA 02269-9101



STD.AWS D1O.A-ENGL 199 B 07842L5 0507297 457 M

12

Document List

The following is a complete list of the standards prepared by the AWS Committee on Piping and Tubing

Document Code Document Title

D10.4 Austeniti.c Chromium Nickel Stainless Steel Piping and Tubing, Recommended Practices
for Welding

D10.6 Titanium Piping and Tubing, Recommended Practices for Gas Tungsten Arc Welding

D10.7 Aluminum and Aluminum Alloy Pipe, Recommended Practices for Gas Shielded Arc Welding

D10.8 Chromium-Molybdenum Steel Piping and Tubing, Recommended Practices for Welding

D10.10 Local Heating of Welds in Piping and Tubing, Recommended Practices for

D10.11 Root Pass Welding, Recommended Practices for

D10.12 Plain Carbon Steel Pipe, Recommended Practices and Procedures for Welding

D10.13 Brazing of Copper Pipe and Tubing for Medical Gas Systems, Recommended Practices for

For ordering information, contact the Order Department, American Welding Society, 550 N.W. LeJeune Road,
Miami, FL 33126. Phone 1-800-334-9353.
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