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330 PREHEATING
(20) 330.1 General 1 —
7 lec ¢ We fBL

The preheat requirements herein apply to all types of

welding, including tack welds, repair welds, and seal welds ._»_ f 2
on threaded joints. @Uall

The preheating rules in ASME B31P may be used as an é
alternate. J

- - r
C")’ Cyue & C s /5‘,/

ASME B31.3-2020

Table 330.1.1 Preheat Temperatures % DU{ i}’ WQ[WJ
1=

Greater Material

Base Metal P-No. Thickness Additional Limits Required Minimum Temperature
[Note (1)] Base Metal Group mm in. [Note (2)] °C F
1 Carbon steel <25 <1 None 10 50
[ >25 >1 %G < 0.30 [Note (3)] 10 50
Sl %C > 0.30 [Note (3)) 200

225 5
3 Alloy steel, Cr = 4% <13 sl SMTS < 450 MPa (65 ksi) 10 50
>13 > SMTS < 450 MPa (65 ksi) 95 200
All All SMTS > 450 MPa (65 ksi) 95 200
4 Alloy steel, %% < Cr All All None 120 250
< 2%

SA Alloy steel All All SMTS < 414 MPa (60 ksi) 150 300
All All SMTS > 414 MPa (60 ksi) 200 400
5B Alloy steel All All SMTS < 414 MPa (60 ksi) 150 300
All All SMTS > 414 MPa (60 ksi) 200 400
>13 >l %Cr > 6.0 [Note (3)] 200 400
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Sec. VII-\ = A?Peﬂoqm_ R Yy XY

ASME BPVC.VIIL.1-2021 R-1 - R-10

NONMANDATORY APPENDIX R
PREHEATING

R-1 P-NO.1 GROUP NOS. 1, 2, AND 3

(a) 175°F (79°C) for material which has both a speci- > Ly | "
fied maximum carbon content in excess of 0.30% and a _
thickness at the joint in excess of 1 in. (25 mm); / c > 0-3

(b) 50°F (10°C) for allwethersmaterialssin this
P-Number.
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Table 330.1.1 Preheat Temperatures

Greater Material

Base Metal P-No. Thickness Additional Limits Required Minimum Temperature
[Note (1]] Base Metal Group mm in. [Note (2]] °C °F
1 Carbon steel <25 =1 None 10 50
=25 =1 %C = 0.30 [Note (3)] 10 50
=25 >1 %C > 0.30 [Note (3)] 95 200
3 Alloy steel, Cr < %% <13 <Y SMTS = 450 MPa (65 ksi) 10 50
=13 > SMTS = 450 MPa (65 ksi) 95 200
All All SMTS > 450 MPa (65 ksi) 95 200
4 Alloy steel, 4% < Cr All All None 120 250
A%9 5 —PU
SA Alloy steel All All SMTS < 414 MPa (60 ksi) 150 300
All All SMTS > 414 MPa (60 ksi) 200 400
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330.2 Specific Requirements

330.2.1 Different P-No. Materials. When welding two
different P-No. materials, the preheat temperature shall be

=

Oyg-d_;;g::.) (:.

the higher temperature for the material being welded as = lomay /25 J t

shown in Table 330.1.1.

330.2.2 Interruption of Welding. After welding
commences, the minimum preheat temperature shall
be maintained until any required PWHT is performed
on P-Nos. 3, 4, 5A, 5B, 6, and 15E, except when all of
the following conditions are satisfied:

(a) A minimum of at least 10 mm (% in.) thickness of
weld is deposited or 25% of the welding groove is filled,
whichever is less (the weld shall be sufficiently supported
to prevent overstressing the weld if the weldment is to be
moved or otherwise loaded). Caution is advised that the
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(g) This Division of Section VIII does not contain rules
to'cover all"details-of construction. Where complete de-
tails of construction are not given, the Manufacturer, sub-
ject to the acceptance of the Authorizedrinspector, shall
provide the appropriate details to be used.

(1) Where design rules do"Ret existiR thisMivision,

on & tHefolloWing threesmethods shall be used: % 2019
(-a) Mandatory Appendix = Qw2 )il
(-b) proof test in accordance with UG-101.

(-c) other recognized and generally accepted
methods, such as those found in other ASME, EN, ISO, na- ij' GQmE V5
ti ' This option shall

provide details of design consistent with the allowable
stress criteria provided in UG-23.
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NACE Standard SP0296-2016 Approved March 2016
Item No. 21078

Detection, Repair, and Mitigation of
Cracking in Refinery Equipment in Wet
H,S Environments

Section 4: Repair of Cracked or Blistered Equipment

4.1 The objective of this section is to provide guidelines for the repair of existing car- O“’T
bon steel equipment that has experienced cracking and/or hydrogen blistering
when exposed to a petroleum refinery wet H,S environment. Decisions on the 65 - ‘sy;,b
type of repair and procedure shall be made by engineers or inspection personnel —
who are recognized by the owner/user as qualified to make such evaluations.
(€. o

4.2 All repairs shall be performed in accordance with ANSI/API 510 for vessels, ANSI/ .
API| 570 for piping, National Board Inspection Code (NBIC), ASME PCC-2, or
another recognized industry code or standard. All welding procedure specifica-
tions, procedure qualifications, and welder performance qualifications shall be in
accordance with the requirements of the ASME Boiler and Pressure Vessel Code,
Section IX?*® or other applicable industry code or standard.

4.3 In some cases, grinding or welding operations can cause cracks to initiate or
propagate because of the hydrogen-charged nature of the steel. In such instanc-
es, a hydrogen bake-out procedure involving heating the area to diffuse atomic
hydrogen should be used to aid reparability. Molecular hydrogen trapped in
blisters and HIC typically does not dissociate at temperatures below full PWHT
temperatures. Some owner/users heat the vessel or piping to a temperature
above 204 °C (400 °F) and hold for up to four hours. Although no standard calcu-
lations exist, based for example on Fick’s laws, to determine the efficacy of bake-
out treatments, much longer holding times and higher temperatures may be
needed to reduce the diffusible hydrogen content to prevent subsequent cracking
during repairs. For example, a 25 mm (1 in) thick plate may require three hours at
426 °C (800 °F) or six hours at 315 °C (600 °F) to reach 1 ppm of residual hydro-
gen. Hydrogen flux monitoring may be considered for use in determining what
hydrogen bake-out is sufficient. Bake-out temperatures up to those required for

full PWHT may be used for holding times shorter than specified for PWHT.
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ASME B31.3-2020

Table 331.1.3 Exemptions to Mandatory Postweld Heat Treatment

P-No. and Group No.

(ASME BPVC, Section IX, Control Thickness, Additional Limitations Required for
QW/QB-420) [Note (1)] mm (in.) [Note (2]] Type of Weld Exemption From PWHT [Notes (3)-(5)]
P-No. 1, all Group Nos. All All A preheat of 95°C (200°F) is applied prior to

welding on any nominal material thickness
>25 mm (1 in)

Multiple layer welds are used when the nominal
material thickness >5 mm (% in.) [Note (6)]

P-No. 3, Group Nos. 1 and 2 <16 mm (% in.) All A preheat of 95°C (200°F) is applied prior to
welding on any nominal material thickness
>13 mm (% in.)

A specified carbon content of the base materials
<0.25%

Multiple layer welds are used when the nominal
material thickness >5 mm (% in.) [Note (6)]

(.ﬁ;f‘Jf % A’&*& 83]3 P\ — -b»;pm PWH'T 2
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(21) Table UCS-56-1
Postweld Heat Treatment Requirements for Carbon and Low Alloy Steels — P-No. 1

Minimum Holding Time at Normal Temperature for Nominal Thickness
[See UW-40(f)]

Normal Holding

Temperature, °F (°C), Over Z in. to 5 in.
Material Minimum Up to 2 in. (50 mm) (50 mm to 125 mm) Over 5 in. (125 mm)
P-No. 1 Gr. Nos. 1, 2, 3 1,100 (595) 1 hr/fin. (25 mm]), 15 min 2 hr plus 15 min for each 2 hr plus 15 min for
minimum additional inch (25 mm) each additional inch
over 2 in. (50 mm) (25 mm) over 2 in.
(50 mm)
Gr. No. 4 NA None None None

GENERAL NOTES:
(a) When itis impractical to postweld heat treat at the temperature specified in this Table, it is permissible to carry out the postweld
heat treatment at lower temperatures for longer periods of time in accordance with Table UCS-56.1.
(b) Postweld heat treatment.is mandatory under the following conditions:
(1) for welded joints aver 1% in. (38 mm) Hominal thickness;
(2 | SIER s over 17/, in. [3Tthickness through 1 JENMMBENRNIominal thickness unless preheat is
applied at a minimum temperature of 200 ) IIIRE; 8. This preheat need not be applied to SA-841 Grades A and
B, provided that the carbon content and carbon equivalent (CE) for the plate material, by heat analysis, do not exceed 0.14%
and 0.40%, respectively, where

CEoCs M0, CriMo+V  CusNi
6 5 15

15
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ASME PCC-2-2018

Article 208
Alternatives to Traditional Welding Preheat

208-3.4 Carbon Equivalent

Carbon equivalent (CE) may be used as a means for
determining the actual necessity for preheat and the

level required.
Where (Wt. %):

CE = C+ (Mn + Si)/6 + (Cr + Mo + V)/S
+(Ni + Cu)/15

CE < 0.45%; preheat is normally optional
0.45% < CE < 0.60%; preheat 200°F to 400°F

CE > 0.60%; preheat 400°F to 700°F

where CE > 0.5, delaying final NDE for at least 24 hr should
be considered to identify any delayed cracking.

17
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20 60 15 10

Pcm=c+§—é+Mn+C"+cr+&+&+ b

+ 5B2

Pemn=<10:18%; preheat is normally optional
0:15% =< Pem < 0.26% to 0.28%; preheat'200°Ft6 400°F

Pcm > 0.26%. to 0.28%; preheat400°Fto:700°F

18
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S T

Preheat

Preheat requirements, if applicable, depend on the
type and thickness of HSLA steel and also the filler
metal and welding process to be used. The AWS publi-
cation, Structural Welding Code—Steel, AWS D1.1
requires preheat for many HSLA steels, depending on
thickness, carbon equivalent, and the welding process
being used. The primary purpose of preheating is to
minimize the risk of hydrogen cracking, as described in
greater detail in the section Avoiding Hydrogen Crack-
ing in this chapter.

The recommended minimum heat input or preheat
and interpass temperature for arc welding a particular

=, Folop

Leyyg S
g

Efxe
A
o

—

\ow wo'g

HSLA structural steel should be based on the specific
carbon equivalent (CE) and composition parameter
(P.) of the steel. These values can be calculated easily
from steel composition data using Equations 1.2 and
1.3, and applied in accordance with guidance provided
in Annex I of AWS D1.1/D1.1M:2010.7° It contains, for
example, a susceptibility index that was devised as a
guideline to prevent cracking in the heat-affected zone
(HAZ) of structural steels. The index also has been
adopted as a guide for welding pipeline steels:

Susceptibility Index = 12, + log10 H (1.4)

70. See Reference 17.
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Table 1.15
Susceptibility Index Grouping as a Function of Hydrogen Level and Composition Parameter, P,

Susceptibility Index Grouping*

Diffusible Hydrogen,

mL/100g of Deposited Metal Carbon Equivalent, Py,
<0.18 <0.23 <0.28 <0.33 <0.38
5 A B C D E
10 B G D E
30 c D E F G
Note: Susceptibility index values for groupings: A=3.0;B=31;,C=36;0=411045E=46105.0,F=5110556G=561070.
Source: Adapted from Ameri ing Society (AWS) Structural Welding Code—Steel, AWS D1.1/D1.1M:2010, Annex |, Table 1.1, Miami: American Welding Society, p 324,
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AWS WELDING HANDBOOK 9.4 CHAPTER 1—CARBON AND LOW-ALLOY STEELS 49
Table 1.14
Minimum Preheat and Interpass Temperatures for Three Levels of Restraint
Minimum Preheat and Interpass Temperature (°C)’
 Susceptibility Index Grouping
Restraint  [Thickness* = =
%- _ Level mm A B e D E F G
F -l_._oi <10 <20 <20 <20 <20 60 140 150
e m - -lcl. <20 <20 20 60 100 140 150
>20-38 incl. <20 <20 20 80 110 140 150
>38-75incl 20 20 40 95 120 140 150
- 20 20 40 95 120 140 150
Medium <10 <20 <20 <20 <20 70 140 160
10-20incl. <20 <20 20 80 115 145 160
> 20-38 incl. 20 20 75 110 140 150 160
> 38-75 incl. 20 80 110 130 150 150 160
>75 95 120 140 150 160 160 160
High <10 <20 <20 20 40 110 150 160
 10-20incl. <20 20 65 105 140 160 160
> 20-38 incl. 20 85 115 140 150 160 160
>38-75 incl. 115 130 150 150 160 160 160
>75 115 130 150 150 160 160 160

Minimum Preheat and Interpass Temperature ( °F)"

€= 30 mm P!

’%PP"‘? Queowp Sg = D
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11.2.2 Electrode Considerations

Hot tap and in-service welding operations should be carried out only with law-hydrogen consumables and
electrodes (e.g. E7016, E7018, and E7048). Extra-low-hydrogen consumables such as EXXXX-H4 should be

used for welding carbon steels with a carbon equivalent greater than 0.42 % or where there is potential for é‘
hydrogen-assisted cracking (HAC) such as cold-worked pieces, high strength, and highly constrained areas.

KIxd- e R Zrsealow
C?-? O '—& Pcm /

4SL i > pca f X 6O
/K?a O”?)fod\g@ﬁ’p

C-2-2018

Tm=T2+(TI_T2) - = = w v L&s\L

ln(g] @-a
Dy

= outside diameter
= inside diameter
Ty = operating temperature during hot tap
= 750°C (1,380°F), the assumed temperature in the
depth of penetration plus recrystallization zone
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NACE Standard SP0296-2016
Item No. 21078

) A
E'.(',\l'_“ 6’#‘%

Approved March 201¢

Detection, Repair, and Mitigation of
Cracking in Refinery Equipment in Wet

Section 4: Repair of Cracked or Blistered Equipment

4.1

4.2

4.3

The objective of this section is to provide guidelines for the repair of existing car-
bon steel equipment that has experienced cracking and/or hydrogen blistering
when exposed to a petroleum refinery wet H,S environment. Decisions on the
type of repair and procedure shall be made by engineers or inspection personnel
who are recognized by the owner/user as qualified to make such evaluations.

All repairs shall be performed in accordance with ANSI/API 510 for vessels, ANSI/
APl 570 for piping, National Board Inspection Code (NBIC), ASME PCC-2, or
another recognized industry code or standard. All welding procedure specifica-
tions, procedure qualifications, and welder performance qualifications shall be in
accordance with the requirements of the ASME Boiler and Pressure Vessel Code,
Section 1X* or other applicable industry code or standard.

In some cases, grinding or welding operations can cause cracks to initiate or
propagate because of the hydrogen-charged nature of the steel. In such instanc-
es, a hydrogen bake-out procedure involving heating the area to diffuse atomic
hydrogen should be used to aid reparability. Molecular hydrogen trapped in
blisters and HIC typically does not dissociate at temperatures below full PWHT
temperatures. Some owner/users heat the vessel or piping to a temperature
above 204 °C (400 °F) and hold for up to four hours. Although no standard calcu-
lations exist, based for example on Fick's laws, to determine the efficacy of bake-
out treatments, much longer holding times and higher temperatures may be
needed to reduce the diffusible hydrogen content to prevent subsequent cracking
during repairs. For example, a 25 mm (1 in) thick plate may require three hours at
426 °C (800 °F) or six hours at 315 °C (600 °F) to reach 1 ppm of residual hydro-
gen. Hydrogen flux monitoring may be considered for use in determining what
hydrogen bake-out is sufficient. Bake-out temperatures up to those required for
full PWHT may be used for holding times shorter than specified for PWHT.

oHT &
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Materials and Fabrication of 21/4Cr-1Mo,
21/aCr-1Mo-1/aV, 3Cr-1Mo, and
3Cr-1Mo-1/aV Steel Heavy Wall
Pressure Vessels for High-temperature,
High-pressure Hydrogen Service

APl RECOMMENDED PRACTICE 934-A
THIRD EDITION, JANUARY 2019

MATERIALS AND FABRICATION OF 2V/4CR-1Mo, 2V/4Cr-1M0-1/aV, 3CR-1M0, AND 3CR-1Mo-1/aV STEEL HEAVY WALL PRESSURE VESSELS
FOR HIGH-TEMPERATURE, HIGH-PRESSURE HYDROGEN SERVICE 15

7.3.2.3 Dehydrogenation Heat Treatment (DHT)

The DHT shall be performed at a minimum metal temperature of 570 °F (300 °C) for conventional steels and 660 °F
(350 °C) for advanced steels, when approved by purchaser. The duration should be agreed upon between
manufacturer and purchaser; however, in no case should the duration be less than one hour for conventional steels and
four hours for advanced steels. For tack welds, DHT can be reduced to preheat temperatures, for a minimum duration
of one hour.
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Welding Guidelines for the Chemical,
Oil, and Gas Industries

API RECOMMENDED PRACTICE 582
THIRD EDITION, MAY 2016
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Welding Guidelines for the Chemical, Oil, and Gas Industries
1 Scope

1.1 This recommended practice (RP) provides supplementary guidelines and practices for welding and welding
related topics for shop and field fabrication, repair and modification of the following: -
— — — ————

a) pressure-containing equipment such as pressure vessels, heat exchangers, piping, heater tubes, and pressure
——> boundaries of rotating equipment and attachments welded thereto; cading = api 20 A+
PWHT - ASME —)

Sec VIl N

b) tanks and attachments welded thereto;

c) non-removable internals for process equipment;

d) structural items attached and related to process equipment;

e) other equipment or component items when referenced by an applicable purchase document.
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WELDING GUIDELINES FOR THE CHEMICAL, OIL, AND GAS INDUSTRIES

Table 4—Recommended Maximum Interpass Temperatures

Material Group Maximum Interpass Temperature
P-No. 1 (carbon steels) 600 °F (315 °C)
P-No. 5G, and P-No. 15€ (on-aloy stecls) 600 °F (3150)
P-No. 6 (Type 410) 600 °F (315 °C)
P-No. 6 (CABNM) 650 °F (345 °C)
P-No. 7 (Type 405/4108) 500 °F (260 °C)
P-No. 8 (austenitic stainless steel) 350 °F (175 °C)
P-No. mHs{t:?n?Lsz ?:e?:)per duplex Refer to Table 5
P-No. 11A, Group 1 350 °F (175 °C)
P-No. 41, P-No. 42 300 °F (150 °C)
P-No. 43, P-No. 44, and P-No. 45 350 °F (175 °C)

Table 5—Maximum Recommended Interpass Temperatures for Duplex and Super Duplex Stainless Steels

Base Metal or Component

| Maximum Interpass Temperature

Thickness Duplex Stainless Steel Super Duplex Stainless Steel
‘ (e.g. UNS S32205) (e.g. UNS $32750)
< /g in. (3 mm) 120 °F (50 °C) 120 °F (50 °C)
<4 in. (6 mm) 160 °F (70 °C) 160 °F (70 °C)
<3/g in. (9.5 mm) 210 °F (100 °C) 210 °F (100 °C)
>or =3/gin. (9.5 mm) | 300 °F (150 °C) 250 °F (120 °C)

procedure qualification.

NOTE For P-No. 10H material, the production interpass temperature shall not exceed the interpass temperature used during
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6.2 Dissimilar Welding

6.2.1 When joining dissimilar ferritic steels (P-No. 1 though P-No. 5), the filler metal shall conform to the nominal
chemical composition of either base metal or an intermediate composition. However, when attaching non-pressure
parts to pressure parts, the filler metal chemical composition shall match the nominal chemical composition of the
pressure part.

6.2.2 When joining ferritic steels (P-No. 1 through P-No. 5 and P-No. 15E) to: |8335_ p91 p92 I

a) martensitic stainless steels (P-No. 6); or

309 < Td
b) ferritic stainless steels (P-No. 7); or 315¢

c) austenitic stainless steels (P-No. 8), the filler metal shall be selected based on the following criteria:

1) Type 309 and Type 309L may be used for design temperatures not exceeding 600 °F (315 °C);

NOTE 1 Due to high differential thermal expansion,|nickel-base filler metals are preferred for temperatures above 600 °F
(315°C).
I

— ENi-crre-2/3/inconel 182
= NOTE2 Type 309 Cb (Nb) should not be used when PWHT is required, exéeprwwslu'uwnay
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Figure 4-33 - Two Frimary DMW configurations.
a ) Ferritic steel pipe (left) welded to clad or weld overlaid pipe (right)
b) Solid Stainless steel pipe (left) welded to clad or weld overlaid pipe (right)

Dissimilar Weld Joint Detail —ﬁ [~
ss CladCr-Mo : -
N =
Collector
™ Vessel Skirt
Weld Butter Layer

Dissimilar Weld

ssﬂwvnece—__'\\ \ =[
|_ | = e
1
f?H T :

(Cr-Mow/cladding

Figure 4-34 — Schematic of typical weld detail used to join a solid stainless steel pipe to a clad or
weld overlaid pipe. The sequence is: 1) Butter the weld bevel on the ferritic steel side, 2) Perform
PWHT of the ferritic side prior to making dissimilar weld, 3) Complete the dissimilar weld using
alloy filler metal, 4) Do not PWHT the completed dissimilar weld.
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9.10 Exemption of code required PWHT for ferritic materials based on the use of austenitic or nickel-base filler
materials is not permitted.
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