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Foreword  °~

This revised edition of BS 2633 follows the general pattern estabhshed when t.h:s standard was extenswely fevised
in 1966, but it now uses metric units and has been updated in respect of technical developments since the previous
issue. 3 -

Two more steels have been, added to the list of pa:em " materials to which thls standard is applicable and any arc
welding process can be employed processes other than those covered by this standard should only be used by :
agreement between the contracting parties. On common aspects this standard has generally been aligned with
BS 4677 *Class | arc welding of austenitic stainless steel pipework for carrying fluids'.

The relevant application standard, where it exists, should specify whether Class 1 welding of plpework is
required, but the factors to be taken into account in coming to_ such a conclusion are the operatng conditions of
the pipework-the degree of inspection and the acceptance requirements (see also Appendix A). |

It is further recommended that carbon steels with a carbon content exceeding 0.25 % and all alloy steels, be
welded in accordance with the requirements of this standard irrespective of the operating condmons

The following are companion standards to this standard:

BS 1821  Class I oxy-acetyléne welding of steel pipelines and pipe assembhes for carrying fluids

BS 2640  Class II oxy-acetylene welding of steel pipelines and pipe assemblies for carrying fluids

BS 2971  Class II metal-arc welding of steel pipelines and pipe assemblies for carrying fluids

BS 4204  General requirements for the ﬂash weldmg of steel pipes and tubes for pressure and other high duty

' apphcatlons

BS 4677 Class [ arc welding of austenitic stainless steel pipework for carrymg fluids

Inspecting authority. The term inspecting authority refers to that body or association actmg on behalf of the
purchaser or the legal authority which ensures that the des:gn material and construction are in accordance with
this standard.

Pipe and tube. In this British Standard the word ‘pipe’, alone or in combination, is used to mean ‘pipe’ or

‘tube’, although these terms are often used for different categories of product by different industries.
. A\ Imperial equivalents of the metric dimensions specified in thls standard are given in Appcndxx c.

¢
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' British Standard Specification for
Class I arc welding of
ferritic steel pipework for

carrying fluids

1.\Ganeral
1.1 Scope

This British Standard specifies requirements for both shup and site Class 1 arc welding,
semi-automatic welding processes or combinations of these,

Y

H - el be L ik H alulama 4
Nuids. Heatowriointrimeertrirmmierik-to-be-pade-witraf-ony-teetene raotTumrw
4 b H H - .

ApreRIr-be

Atiention is particularly drawn to Appendix

21)

NOTE.  he titles of the British Standards ielerred to in this standard are listed on the inslde back cover.

- 1.2. Parent metals

g . o
l‘.;

using manual, automatic ors’
of joints in ferritic sieel pipework intended to carry

B which lists items for agreement between the conlracling parties.

n - W ’ ¢
+ This standard relates to pipes and attachments made from the types of steels listed in Table 1. The materials used
for pipes and fittings shall be fully suitable for the service conditions. % ‘

If the material for a permanent pipe attachment (e.g.
the main pipe, agrecment between the purchaser and the manu

of materials to be used.”

Whilst the requirements and limitations of this standard app!
precautions in inspection and welding proce
inclusions, alloy segregations or porosity, shall be subject to agreem

Table 1. Parent metals

anchors and brackets) is not o

f the same composition as
facturer shall be obtained regarding the combination

ly also to the welding of cast parts, additional
dure that may be necessary to deal with'the presence of non-metallic
ent between the purchaser and the manufaeturer.

Matcrial classification

Pipe standards, grades and types

Pipe fittings standards

Flange standazss

Carbon steel €0.25C

"o

Carbon steel > 0.25 C 0.4 C
C - Mo

1 Cr %Mo

" fi
14 Cr % Mo

KWCrEMo ¥V
3% Cr | Mo
 5Cr#Mo

7Cr % Mo
9Cr 1 Mo

12 Cr Mo V(W){
N

-

_9Ni

BS 3059 : Part 1-320
BS 3059 : Part 2-360 and 440
BS 3601-320, 360 and 410

. BS 3602 : Part 1-360, 410, 460

and 490Nb
BS 3602 : Part 2-410 and 460
BS 3603-410LT50
BS 3606-320 and 440

BS 3059 : Part 2-243

BS 3606-243, 245 and 261
BS 3059 : Part 2-620

BS 3604-620

BS 3606-623

‘| BS 3604-621 _

BS 3606-621

BS 3604-660

BS 3059 : Part 2-622 -
BS 3604-622

BS 3606-622

BS 3604-625

BS 3606-625

BS 3059 : Part 2-629
BS 3604-629

BS 3059 : Part 2-762
BS 3604-762

BS 3603-503LT100

BS 3603-509LT196

BS 1640 : Part 3
BS 1965 : Part |
BS 3799 ’

BS 1640 :
BS 1640 :

BS 1640 : Part 3

BS 3799

~

BS 1640 : Part 3

BS 1640 : Pant 3

BS 1640 : Part 3
BS 3799

BS 1560
BS 4504 : Part 1

BS 1560
BS 1560
BS 4504
BS 1560
BS 4504

BS 1560
BS 1560

BS 1560

%0.30 % maximum carbon contént, °

ipes of not groater n

ol +The requirements of this standard for welding this material are restricted
L . and not more than 12.5 mm thick. - 5

D
i27

ocuments
| ocliet 0988

o
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. 1.3 Condition of plpes 2 :
Pinework shall be put into service in one of the | followmg three heat trented conditions, but j_carbon steel “E 0. 25¢C; .
' (1) normalized, . o S i,:be ‘used i in the as-rolled condition ' S .
{2) nom'mllzed nnd tempered '
(3) annealed."
',-—1.3 1 The normalized condition mvolves lhe followlng steels
Carbon steel < 0.25 C :
- Carbon steel > Q. 25 C<K040C ¢
C-Mo . - : h . i ! -
1Cr¥ Mo ) : : o A . B -
- Plpes should be in a normahzed condmon prior to weldmg so that the post-weld heat treatment would be a local
stress relief of the weld, although certain relaxations are permitted in ‘accordance with the notes under Table 6.

. 1.3.2 The normalized and tempered condition involves the followmg steels: R

1% Cr % Mo ‘

“KCrMoAV

2% Cr 1Mo

SCr¥% Mo

7Cr¥%: Mo

9Cri Mo .

12CcMo V(W)

3% Ni

9 Ni

The fabricator has two choices:

(1) To use pipes that are ina normalized eondmon prior to weldmg, in which case, followmg complenon of *
welding, the pipework would have to be tempered in an enclosed furnace. ‘ o

(2) To use pipes that are in a normalized and tempered condition prior to welding in which case, lollowing
completion of welding, the welds only need be given a local stress relief treatment, aithough certam relaxations
are permitted in accordance with the notes under.Table 6. = - ol e &

1.3.3 The annealed condition involves the followmg steels: ‘ i
- 1% Cr¥% Mo ¢
24 Cr 1 Mo :
- 5Cr¥%Mo . - ‘ c
"~ 7Cr¥% Mo ' e . o . .
" 9Cr1 Mo K ‘ ' ; o ;
Using pipes in the annealed condmon pnor to wcldmg, completed welds wou]d be given a local stress relief heat
treatment.

oy . R =

w

NOTE. % Cr% Mo % V steel pipes are not normally supphed in lhe annealed condition since stress rel:cv:ng alom: w:ll not put tie

material into its best condition for creep resistance.
‘The steel derives its creep strength from carbide precipitation brought about by tempering of the normalized strucmte

In this particular context the terms ‘tempering’ nnd stress relieving’ are synonymous.

[

1.4 Weld metal ‘ .
1.4.1 General. Electrodes, filler wire, filler wire/flux combmauons and fusible inserts shall produce weld metal
that meets the following requirements. :
1.4.1.1 Mechanical properties. The mechanical propernes of the weld metal shall be suitable for the design *
requirement of the pipe system. In general, the mechanical properties should be at least equal to the minimum in
the specification for the parent material or that of the lower strength parent material in the case of joints between
different materials. - ; i .
1.4.1.2 Chemical composition. In zeneral, the weld metal should be of similar or ‘matching’ chemical composition
to that of the parent material. It is not always desirable for reasons of weldability or behaviour in service, to use
an exactly equivalent chemical compasition, nor is it essential for design purposes. The use of 2% Cr.1 Mo weld
metal on % Cr % Mo % V pipework is an example of this concept; the use of % Cr % Mo % V weld metal is
deprecated.

When weld metal having a different chenm:al composition from that of the parent material is used, the purchaser’s
specific agreement shall be obtained.
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~

l 4. l 3 Electrodes and filler wires, Table 2 details the appropriate British Standards covering the types cf
electrodes and filler wires that will give weld metal havmg a chemical conpos:tlon similar to that of the parent

A 1 .
~ material, It also provides a guide to the limits of permissible relaxation in chemical composntlon of the weld metal

‘relativé to that of the parent material by giving alternative types of electrode filler wire and filler rods !hal may
be used under the conditions imposed by 14.12. - -

For some parent materials and welding processes 2 ‘carbon stec] root run is permlsmble (see Table 5) provided
that the requirements of the welding procedure ‘mm. huen shown to be acceptable and that.the pipe is at least
4.5 mm thick. - ' \.'

1.4.2" Fusible inserts. Fusible inserts shall be made from material having a chemical composition such that when
fused with the parent material they will produce weld metal that is of similar chemical composition to that of the
parént materjal. Alternatively, the chemical composition of the weld metal may differ from that of the parent
material to the extent permitted by 1.4.1.2. .

" 1.4.3 Flux for submerged-arc welding. The addition of alloying elements to a flux, other than those necessary to
make up for losses in the arc, is not permitted except by spemF ¢ agreement between the purchaser and the
manufacturer. When such additions are permitted, the weldmg conditions shall be controlled to ensure consistent

ol

chemical cBmposntlon of the weld metal, ]
1.5 Gases for shielding and purging ' \ -

1.5.1 Shielding gases. One of the l‘ollowmg gases or gas m:xtures shall be used where approprmte and shall be of
the quality stated. )

(1) - Argom The gas shall comp!y w:th the requirements of BS 4365,

(2) Argonfoxygen mixiures. The mixture shall consist of argon complymg with the requirements of BS 4365,
with up to 5 % added oxygen complying with the requirements of BS 4364. The total impurities shall not exceed
0.075 %.

(3) Argon/carbon dioxide mixtures. The mixture shall consist of argon complying with the requirements of
BS 4365 with. up to 25 % added carbon dioxide complying with the requirements of BS 4105, Type 1, with or
- without up to 5 % oxygen complying with the requuemen!s of BS 4364.

(4) Argonfhydrogen mixtures. The mixture shall consist of argon complying with the requirements of
BS 4365 with up to 10 % added hydrogen complying with the requirements of BS 3906, Type 2, for use when 2
higher‘arc volitage is required.

(5)  Helium. Welding quality helium may be used in certain special circumstances, and the gas shall be of

99.95 % minimum punly .

(6} Other gases or gas mixtures. The use of other gases or gas mixtures is permlsuble provxded that they have
proved to be sausfactory as a result of procedure approval tests.

1.5.2 Gases for back purging. For purging the back of 2 weld during welding, argon, argon/hydrogen mixtures or
helium of the quality specified in 1.5.1 or one of the following gases shall be used.

(1) WNitrogen. The gas shall comply with the requ:remems of BS 4366, Type 1. ‘

(2)_ Nitrogenfhydrogen mixtures. The mixture shall consist of nitrogen complying with the requu’ements of
BS 4366, Type 1, with up to 15 % added hydrogen complying with the requirements of BS 3906, Type 2.

When back purging it is essential that all air shall be removed by the admission of a volume of purging gas at
least six times the volume of air being dlsp!ach in order to prevent oxidation of the penetration bead.

e

'

1.6 Equipment . : : .
1.6.1 Welding plant, instruments, cables an.l accessories shall comply with the requirements of the appropriate
British Standard where available (see, for: example BS 638 and BS 679.) Their capacity shall be adequate for the
welding procedure proposed and suhsequently to be approved. The contractor shall maintain all welding plant

. and ancillary equipment in good workmg ‘order.

NOTE. Theattention of the contractor is driwn Lo the advice on safety precautions contained in the Health and Safety at
Work booklet No. 38, ‘Electric arc welding’ issued by the Department of Employment and pablished by HMSO.

1.6.2 All electrical plant used in connection with the welding operation shall bz adequately earthed.

1 6 3 Adequate means of measuring current shall be available either as part of the welding plant or by the
prowsmn of a porlable ammeter. In the case of automatic and semi-automatic welding, means shall be provided
for measuring the arc voltage since this may exert considerable influence on the form, composition and soundness
(e.g. porosity) of the weld. -

NN i e A S A T e TR PR k200 A
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Table 2. British Standards for electrodes and filler wires
+NOTE. Where no welding consumables to a British Standard are quoted, proprictary consumables may be obtainable.

Materiat
classification

Preferred

Covered
electrodes

Wires for

s
shislded
processes

Altemative
chemical
composition
(deposited
metal) where
permitted
(sce 1.4.1.2))

Altemnative
(by agrcement)

Covered
electrodes

Wires for

ar
shielded

processes

Carbon stecl
<0.25C

BS 2901
Part |
Type A 15
Type A 17
Typc A 18

Carbon steel
>025CK04C,

BS 2901

Part 1 I

Type A 16

Carbon steel
£0.25C

BS 2901
Part 1
Type A 17
Type A 18

BS 2493
1 Cr Mo

&

BS 2901
Part 1

Type A 30, .

Type A 31

Carbon stecl

S025c<04C

_BS 2493
"Mo

BS 639

.

BS 2901
Part 1
Type A 16

~

1Cr% Mo
1% Cr¥ Mo

o°

BS 2493
1 Cr Mo

BS 2901
Part 1
Type A 32

C-Mo

o

BS 2493
Mo

BS 2901
Part 1
Type A 30
Type A 31

C KBCr¥%hMo UV

G

BS 2493
2Cr Mo

BS 2901
Part 1
Type A 33

No alternative
to use of
2% Cr Mo

24 Crl Mo

BS 2493
2Cr Mo

BS 2901
Part 1
Type A 33

1CrMo _
except where
corrosion
resistance is |, -
important

1 Cr Mo

BS 2493

BS 2901
Part 1 .
Type A 32

5Cr¥%i Mo

BS 2493
"5 CrMo

BS 2901
Part 1
Type A 34

Molybdenum - |
austenitic.or
high nickel °
alloy weld
metal

\

4

IS

BS 2901 ©
Part 2 .
Type 316596

b

7Cr¥a Mo

BS 2493
7CrMo

9CrMoor
molybdenum
bearing
austenitic or
high nickel
alioy weld
metal

BS 2493
9 Cr Mo
BS 2926
19.12.3

ot

BS 2901
Part 2
Type 316596

o

9Cr1Mo

. | BS2493° .
9 Cr Mo

Dissimilar
weld metal
such as high

“nickel alloy

can be used

12Ct Mo V (W) -

No alternative

3% Ni

Nickel base
alloy weld .
metal

No alternative to
use.of nicke] base
alloy weld metal
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Y
o
J:

When using a gas-shielded weldihg process, means of rﬁeasudng-the gas flow shall be provided. ,
1.6.4 Where necessary, staging and protection froni the weather shall be provided to enable the welding operation
to be performed properly. ; '

-

0

r

(A

1.7 Yvelding processes . ‘
1' 7.1 Complete welds. Welds shall be made by one of the welding processeshpe,rmitted under 1.1 or by a
combination of those processes. . ; g

1.7.2 Root tuns. Methods of making the initial root run in butt joints by the various welding processes shall be as
given in Table 3. - ' :

Table 3. Methods of making root runs in t;utt joints *

Welding process : . ‘ Type of joint

Manual metal-arc welding With permanent or temporary® backing ring or
MiG-welding ,unbacked
Active-gas metal-arc welding

TiG-welding .
(1) With fusible insert :
(2) Without fusible insert but using filler wire Unbacked
(3) Fusing root without using eitk.er fusible '

insert or filler wire .

Submerged-arc welding T With permanent or temporary* backing ring

CO, flux welding " With permanent or temporary* backing ring

Flux cored or coated welding with or without With permanent or temporary™* backing ring in the flat
shielding gas position '

=  **By agreement between the cor..racting parties, joints in certain materials m:iy be made with an
oxy-acetylene root run withvut a backing ring (sce BS 1821)."

1.8 Backing rings . .
1.8.1 Permanent backing rings. When permanent backing rings are permitted the rings shall be one of the types
shown in Figs. 1 to 7 (see also 1.9). The gap between the outside diameter of - the backing ring and the bore of the
pipe end shalt not exceed 0.4 mm. .

Backing rings fitting tightly into machined recesses with square or sharp corners, or of such a shape as to
restrict longitudinal contraction (Figs. 8 and 9) are not permissible as they increase the tend2ncy to basal crack

formation.
Dependent upon the parent material of the pipes, backing rings may be made from pipe or strip selected as

appropriate from the list below.
NOTE. Some application standards and purchasers’ specifications specify that backing rings shall be of a similar composition to

that of the parent material, in which cases it will be necessary to implement the requirements of those standards and
specifications. - .

*The use of temporary backing rings is dependent upan access for their removal on completion of the weld; sce also 1.8 -
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' - . N3
Three local
| L prOJectlons

Fig. 1. Single or double root . . Fig. 2. Backmg nng wnth local

run, depending on root o projections

gap o ’ ‘ ; : ‘

‘ . ‘ iy ¢ 'F: ¢ . (jf'u
P . L

Fig. 3. Slngle or doubte root o ;:‘ Flg 4. Single or double root

run, depending on root “ oo ¥ run, depending on root

g9ap I - %ogap
‘ &Wigmleadlwaﬁ& | : a0 . m

< ' - This side may be curved ‘ o o s ) 7

Fig. &. Typical éectidn_of an o Flg 6 0n|y permlsmble if ring

acceptable backing ring - ) is subsequently machmed

‘ L ‘out
Flg 7. Only pernnss:ble if ring
is subseql.'=ntly machined
out =
Figs. 1 to_'7. Permissible types of backing ring - _ |

Fig. 8. Tapered backing ring .7 Fig. 9. Recessed backing ring
with continuous rib ' K b

Figs. 8 and 9. Types of backing ring not permissible

10



http://www.avadocuments.com/doc/bs-2633-1973
http://www.avadocuments.com/doc/bs-2633-1973

) o
. Pipe material - . ' ; Backingrings » -
- e T
Carbon steels ‘ ~ a4 Carbon steel pipe or strip with the carbon content not excceeding
ICr¥% Mo ¢ 0.25 % and the sulphur and phosphorus contents not exceedmg
1% Cr.¥% Mo ' © 0.050 % each, or - , -
KCr¥hMokV © ; b. Pipe or strip having a chemical composition s:mrlar to that of the .
24 Crl Mo ' parent material or of a lower alloy content selected from the’
o “steels listed in (1). :
(2) " e : : Pipe or'strip of the followmg type:
SCr¥¥Mo : , SCr¥%Mo ‘ J
7 Cr %Mo ] 7Ct¥%Moor5C %Mo oA )
9Cr 1 Mo ] 9Cr 1 Mo or 7.Cr % Mo . '
(3) '
3% Ni o Prpe or strip having a chemical composrtron srmrlar to that of the
9 Ni i C : pai=nt materlal i ‘
12 Cr Mo V(W) ’ 5

“nominal distance between the toe of the attachment weld and ‘the toe of existing main welds or branch welds is

BS 2633: 1973

It is permitted that a machined backing ring be split to allow it to spring agamst the internal surface of the
pipe. The gap between the ends of a split ring, when fi tted shall not exceed 1.6 mm.
1.8.2 Temporary backing rings. Temporary backing rings shall be erther of the same composition as the pipe or of
carbon steel up to 0.25 C provided that the sulphur and phosphorus contents do not exceed 0.050 % each (a high
or segregated sulphur contentin the backing ring may produce defects at or in the root run). o .
1.9 Alternative joint preparation ' (

Joint preparations differing from those shown in this standard shalI be permltted by agreement between the
contracting parties, provided the manufacturer can show by procedure approval tests that the joints are of the A
quality required by this standard.{For « exemptlon from makmg welding procedure tests see 10. l) i

[

1.10 Proximity of welds . “!"' S

The design of joints shall be such as to provrde adequate access for the deposmon of weld metal to meet the
requirements of this standard. &
Joints where more than two welded seams meet should be avordﬂd If the design cannot avoid this, then
appropriale precautions shall be taken which shall be agreed between the manufacturer the purchaser and the T
inspecting authority. e ‘ ’
Attachments of non-pressure parts by welds which cross eﬁrstmg main welds or for which the mlmmum

less than the smaller of twice the thickness of the pressure part or 40 mm, should be avoided (see Fig. 10).

If such welds cannot be avoided, they should cross the mdrn weld completely rather than stop abruptly near the
main or branch weld in order to avoid stress concentrations i m these areas.

If design factors preclud this, then appropriate precaun ns shall be taken whrch shall be agreed between the
manufacturer, the purchaser and the inspecting authority. S

All intersections of welds made to this standard shall be

v,
.

on-destructively tested (see Section 8), - <

* S to be at least 2t or 40 mm
* - whichever is the smaller..

NI ENENN YN}

Fig. 10. Example of proximity of attachment_weld:l“-:

9804

)23
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{ .
1.11 Fusion faces : S . \J by
The fusion faces and the ad]acent material shall be free from moisture; Scale rust, paint grease or rother foreign’
matter 1mmedlalely prior to welding.
Certain proprietary protective coatings are specmlly formulated with the mtent:on that they should not

" interfere with subsequent welding. The use of such coatings is not excluded by the requirements of this Clause,
but if so required by the purchaser, the manufacturer shall demonstrate by meuns of specimen welds that the v
coating does not affect the quality of the weld. ._ . -

1.12 Assembly for welding

To maintain the specified alignment and gap, where used during weldmg (see Table 7 and Flgs 12- 23) the parts
to be welded shall be securely held in position by mechanical means, welded-on bridge pieces or by tack weldmg
The SpCleiEd diménsions of the gap are the dimensjons after tack welding.

Itis appreciated that there may be difficulty in complying strictly with the specified requirements for the root
gap. Shght modifications imposed by practical considerations may be permitted by agreement between the
purchaser and the manufacturer.

The pre-heating requirements given in 1.16 for the pipe material shall be applied and maintained during tack
welding and the welding-on of bridge pieces or other attachments. :

Electrodes or filler materials used for tack welding shall be of the same type and class as, and of a size not
larger than, those to be used for completing the first run of weld metal.

Particular attention shall be paid to the quality of tack welds which shall e deposited by approved welders
The throat thickness of tack welds shall be similar to that of the initial root run, Where necessary, the extremities
of these tack welds shall be dressed by grinding or chipping to facilitate proper fusion when they are incorporated
in the root run. All cracked tack welds shall be completely removed. The minimum length of a lack weld shall be
four times the thickness of the pipe or 25 mm, whichever is the shorter.

Where welded-on bridge pieces are used, the pipe curfaces shali not be leftina damaged condmon after the
bridge pieces are removed. All welded-on bridge pieces shall be removed and the weld area ground flush and
_magnetic particle tested before applying any post-weld heat treatment, which shall embrace the area occupied by "

the bridge pieces. " -

[

G

1.13 Damage to parent metal by arc strikes
Arc strikes shall be avoided; all fortuitous arc strikes shall be ground smooth and magnetic particle tested. A piece
of scrap plate clamped to the pipe near the weld shall be used for dabbmg the electrode where such a procedure’is
necessary for removing slag from the tip or to facilitate the startmg of the arc.
NOTE. Itis recommended that clecteode holders be of the fully insulated type.

During the welding of carbon (3> 0.25 C < 0.4 C) and alloy steels, an area on each side of and adjacent to the
weld should be protected by su1table means, €.g. thermal msulatmg blankets, so as to avoid arcing on the pipe
surface. ¢ : :

1.14 Inter-run cleaning :

Each run of weld metal shall be cleaned before a further run is apphed particular attention bemg paid to the
" junctions between the weld metal and the fusion faces. Visible defects such as cracks cavities and other-

deposition faults shall be removed béfore deposition of further weld metal. .

1.15 € uld pull .
Where the effects of thermal expansion in service are to be counteracted by ‘cold pull’ during erectlon of the pipe

assembl¥, the ‘cold pull’ shail be maintained during pre heatmg (where applicable), welding, post-weld heat

treatment and cooling.
Before applying ‘cold pull’ to a _|omt all other jOll’ltS in the plpe assembly shall have been welded subjected to

any post-weld heat treatment, inspected and accepted.

1.16 Pre-heatlng for cutting and welding « ¢ :

1716.1 General. No thermal cutting, welding or tack welding shall be camed out when the temperature of the
parent material within 150 mm of the joint or cut is less than 5°C.

1.16.2 Pre-heating for cutting. Pre-heating for therma] cutting shall be apphed in accordanoe with the
requirements specified in Table 4. ;
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Material Material Minimum pre-heating .. C
~ clagsification - thickness . temperature o T

' mm °C : :
Carbon steel €0.25C Pre-heating unnecessary T R )
Carbon steel > 0.25C<04C Pre-heating unnecessary ‘o S o f ow
C-Mo . Over 12,5 100 ‘ S .
1 Cr¥% Mo Over 12.5 100 ' ¢ A ' :
%4 Cr%Mo | Over125 100 . T e e K
BCrhMoli ¥V ' All - 150 = - e Lo I
2% Cr 1 Mo | Al , 150 R S o
5Cr %Mo All 150 = W oG e T e
7Cr % Mo ' All 8 7 150 : o L
9Cr1 Mo ] Al e 150 )
12 Cr Mo V(W) All ~[200 o
3BNi . . | Pre-heating unnecessary ’
9 Ni Pre-heating unnecessary . c

“weld preparation and the temperature shall be maintained during the deposition of weld metal. (See also .18 and (»

© " BS2633:1973 .

Table 4 Pre-heatmg requlrements for thermal cutting -

N I 3 S ' - S
o8 ! . [T Lo

! ‘ . o = b SN
1.16.3 Pre-heating for welding. PréQheating for welding shall be applied in accordance with the requirements
specified in Tuble 5, unless , L welding pro"cedures have Pm’ecl that different eonditions are -
acceptable. ~

1.16.4 Application. As a minimum requirement, pre-heating shall be applied to-: the area local to and mcludmg the

1.21.)

1.16.5 Methods. Pre -heating shall be applied by any of the following means:
(1) gasrings or muffle furnaces, o =
(2) electric resistance heaters, -
(3) induction heating,- . , . ‘ e
(4) oxy-acetylene or other gas torches. : ' P
The choice is dependent on local ¢conditions.The procedure used shall ensure a satisfactory temperature

distribution around and through the joint to be welded and shall not interfere with access for welding. To check -

that the pre-heating temperature distribution through e pipe is satisfactory, particularly when thick material i is

involved and/or heating is from the outside only, it is recommended that temperature measurements be made at

the root of the joint.

Where pre-heating is applied manually by gas torches, care shall be taken to ensure an even drstrrbutron of heat. e
Excessive local heating of the pipe surface shall be avoided, . . o *

(o)

1.17 Char:ge of pre-heating with welding process

Where the welding process employed for root runs differs from that used for subsequent runs, the pre-heating
(if any) applicable to each process shall be determined in accordance with Table 5. Any change in pre-heating
temperatures required shall be made after completion of the first process but before commencement of the
second process. < ‘

o

1.18 Continuity of welding and pre-heat
Irrespective of the class of steel, root runs shall be made without interruption other than for the changing of
electrodes or filler materials or to allow the welder to re-position himself. Root runs made in the workshop may
afterwards be allowed to cool provided that precautions are taken to ensure slow cooling {e.g. wrapping in a dry
thermal insulating blanket). Welds made at site shall not be allowed to cool until the thickness of weld metal
deposited exceeds one third of the final weld thickness. '

When welding other than carbon steel up t0 0.25 C, it is strongly recommended that arrangements be made to
avoid any interruption of welding. Where such an interruption is necessary, either the pre-neating temperature
shall be maintained during interruption, or the joint shall be wrapped in dry thermal insulating blank its to ensure
slow cooling. Before recommencing welding, pre-heat shall again be applied.

13
:: .J?3

0896
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. Table 5. Pre-heating requirements for welding (see: aso b3y 7 &
: ' gt - : . |
Materisl Minimusm pre-heating temperature for TIG-welding | Hydrogen controlled weld Non hydrogen controlled
classification . of root runs ¢ | mesal (Note 3) . weld metal Lo
Carbon steel root run Matching "
i (Note 1}
127mmdia& | >127 mm diaor | foot run, all L L S .
<12.5mm thick{ >>12.5 mm thick ‘| diameters and Mgierinl Minimum Material | Minimum
. .1 thicknesses thickness | pre-heating | thickness "} pre-heating
(Note 2) . (Notc4) - | temperature | (Note 4) temperature
°C °c °C - |mm °C mm |1°c
- Carbon steel, ” ' <20mm: S £20mm: 5 <30 5 ' €20 " |5 .
<£0.25¢C 5 >20mm: 100 [ >20mm:100|>30 . 100 ~|>20 “{100
Carbon steel, T o ('_ , 3 5 v
>0.25C ‘ \ : A R
<04C 50 100 | 100 Al f1s0 . tAan - [200
C-Mo 5 100 100 <125 |20 . [<38 . |150
‘. N TV >12.5 100 .« | (Note 7) "
1 Cr % Mo 5 .. w0 ° |10 - <125 |10 . |<125 - |150
) R i >12.5 | 150(Note6) | >12.5 [ 200
B . g v €20
-C: y ' - . (NOIE‘. 7)
14Cr¥%Mo |5 100 - 100 ¢ [<125 |10 o (<125 |150
: >12.5 [150 (Note6) [>12.5 200
: . <20
_ {Note 7)
% CrsMo % V | 50 100 100 <125 |150 - [Note8 |Note8
' ) >12.5 |200(Note6) '
2% Cr 1 Mo 50 1100 | 100 <125 150¢; | =125 200
>125 200 (Note6) | {Note 7)
5Cr % Mo Note 5 Note5 200 ) All 200 (Note &) | Note 8 Note 8
7Crl Mo Note 5 |Note5 -~ 200 All 200 (Note6) | Note 8 Note 8
9Cr 1 Mo Note 5 Note 5 200 All .|:200 Note6) { Note 8 |Note 8
12 Cr Mo V (W) | Note 5 Note 5 200 All 200 (Note6) | Note 8 [ Note 8
3% Ni . | Note 5 Note § 200 Al- 1250 . |Note8 [Note8
9Ni- Note 5 Note5 - - |200 All 250 Note8 |Note$8

.

Note 1. The explanation of the term *matching’ is included in 1.4.1.2.
’ Note 2. This column is also applicable when TiG-welding is used for the complete weld. o ..

Note 3. Hydrogen controlled weld metal as defined in BS 639 contains not more than 15 mi of diffusible hydrogen
per 100 g y of deposited metal when determined by the method given in that standard.’ e

Note 4. The greatest component thickness at the joint. - T -

a Note 5. A carbon steel root run is not to be used, . P

Note 6. When T1G-welding is used a lower pre-heating temperzture may be applied provided it is proved to be satisfactory by
procedure tests, ’ . Lo

Note 7. Above the maximum thickness stated hydrogen controlled weld metal only to be used. = - )

Note 8. Hydrogen controlled weld metal only to be used. 0 -

On completion of welding, the joint shall be wrapped in dry thermal insulating blankets‘té ensure slow cooling,
unless post-weld heat treatment is applied immediately.

* 1.19 Dressing of welds in % Cr J%2 Mo % V pipes
,;';f',-Weldsjoining 1 Cr % Mo % V pipes shall be dressed before stress relieving to a smooth contour, blending weld and
~/ 'parent metal, and the reinforcement shall be ground smooth to ensure the removal of all surface fissures and '
undercut. Dressing may be carried out either hot or cold.
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Where dressing is by cold grinding, pre-heating shall be maintained for a minimum penod of two hours after

the completion of welding and prior to cooling to room temperature,
Where the dressing is by hot grinding, the dressing shall be carried out immediately on completmg the NEIding .

of the joint ensuring that the joint temperature does not fall below 150°C.
Where the joint is required to be cooled to room temperature, either for ‘cold dressing or after hot dressingand

prior to stress relieving, it shall be cooled in accordance. with the requuements of 1.20.8.
v .

I
1.20 Heat treatment after welding :
1.20.1 General. The condition of the pipes prior to fabrication and the flnaf heat-treated condmon Of the plpework
determine the post-weld heat treatment that the pipework and welds or welds only shall receive, and shall be in
accordance with 1.3."If the purchaser requires all welds to be heat-treated, he shall state thisin the enquiry and
the order. L o ] -
Any departure from the requirements given in the following subclauses and Table 6 sh.all .be
agreed between the contracting parties, (The need for making welding procedure tests is given

in 101) ¢ "

1 20 2 Spec:a! dutres
Where Serwce conditions are conducive to stress corrosion cracking or mvolve exposure
' to hydrogen at a pressure of 70 bar or higher and a temperature of over 400 °Cand if
requlred by the purchaser. heat treatment shall be carried out irrespective of pipe thickness.’
j , It is advisable for the purchaser in all cases to inform
the manufacturer of the use to whlch the pipework will be put. \
- 1,20.3 Butt joints and gusseted bends. Butt joints shall be heat-treated after the completion of all welding in
accordance with the requirements of 1.3. The temperature and time at temperature shall be in accordance with
the requirements of Table 6.
Where local post-weld heat treatment is used the temperature gradient shall be such that the length of material
‘on each side of the weld at a temperature exceeding half the Heat treatment temperature is at least 2.5/t
where r is the bore radjus and ¢ is the pipe thickness at the weld. :

1.20.4 Branch connections

1.20.4.1 Carbon stee! (< 0.25 C). Welds connecting a set-on type branch to a main plpe shall be post-weld
heat-treated in accordance with Table 6 where: . .

(1) the nominal thickness of the thicker part is over 35 mm, or .

(2) the distance (as required by des:gn) from the toe of a branch weld to the toe of the weld on an adjacent
branch or attachment is less than four,times the thickness of the main pipe.

1.20.4.2 Carbon (> 0.25 C< 0.4 C) and alloy steels. Welds in which either the branch pipe or main pipe is of the
carbon (> 0.25 C = 0.4 C) or alloy steels specified in 1.2 shall be post-weld heat-treated to mkeNthe requirements
of 1.3 in accordance with the temperature and time at temperature required by Table 6.

1.20.4.3 Treatment. Post-weld heat treatment should preferably be carried out in a stationary industriat furnace,
but where it is necessary to apply a local heat treatment the temperature gradient shali be such that the length
of material from each crotch at a temperature exceeding half the heat treatment temperature is at least: * I

{1 2. S\/rmtm along the main pipe where r, is the bore radius and Iy is the thickness of the muin pipe, and
(2) 2.5v/ryty, dlong the branch pipe where ry, is the bore radius and #y, is the thickness of the branch pipe §
(see Fig. Il) B ) S L .4

‘rm — bore radius of main pipe
tm — thickness of main pipe
fp— - bore radius of branch pipe
th — thlckn_ess of branch pipe

] ////; g

Documents

.'Fig. 11. Area (shaded) to be heated for the local treatment of branch connections

ti D11}
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Table 6. Post-weld heat treatmant (sec alsa 1.20.2)

S

Matcrial
classification

Soaking
temperature

Time at —Iempcniure:

minutes per millimetze of thickness’

Tempering in furnace
{pipework and welds)

Heat treatment
(welds only)

Carbon steel, £ 0.25 C

Carbon steel, > 0.25C<04 C.
C-Mo

I Cr % Mo

1% Cr %2 Mo

LCr¥Mo4vV

2% Cr | Mo

5Cr% Mo
7Cr% Mo
9Cri Mo
12 Cr Mo V (W)

3% Ni
9 Ni’

°c

580 - 620 (Note 1)
630 — 670

650 — 680 (Note 2)
630 — 670 (Note 2)
630 — 670 (Note 2)
680 - 720

680 ~ 720 (Note 3)

700 ~ 750 (Note 5}
710 — 760
710 — 760
710 - 760
720 — 760

§90 — 620 (Note 6)

2.5 (minimum 30)
2.5 (minimum 30)
2.5 (minimum 60)
5 (minimum 120)
5 (minimum 120)
180 irrespective of
thickness (Note 4)
180 irrespective of
thickness (Note 4)
5 (minimum [20)
5 (minimum 120)
5 (minimum 120}
5 {(minimum 120)
180 irrespective

of thickness

2.5 (minimum 60)

2.5 (minimum 30)
2.5 (minimum 30)
2.5 (minimun 60)
2.5 (minimum 30)
2.5 {minimum 30)
2.5 (minimum 180)
(Noted) .

2.5 (minimum 180)
{Notc 4) )

2.5 {(minimum 60}
2.5 (minimum (20)
2.5 (minimum 120}
2.5 (minimum 120)
2.5 (minimum 60)

2.5 {(minimum 63)

Post-weld heat treatment not required

NOTE i+ Post-weld heat treatment is not required for thicknesses up to an including 35 mm for service temperatutes

above 0°C.

For BS 3602 : Part 1-490ND steel the soaking temperature may be 630 °C 1o 670°C.'
NOTE 2. For certain seyvice conditions and for pipes of 0.15 C maximum, post-weld heat treaiment of welds in
pipes up to and including 12.5 mm thick and fillet welded attachments where the throzt thickness docs not
exceed |2 Smmis not required subject to satisfactory welding procedure tests. i

NOTE 3. . L
‘For opttmum creep propertics.

For certain scrvice conditions {e.g. above 450 °C) sp
treatment i not required provided the design

(see abso 1.20.2):

(a) the pipc material has 0.15 C maximum and 3 Cr maximum; .
{b) the pipe is up to and including 127 mm diameter and up to and including 12.5 mm thick;
{c) any fillet welds have a throat thickness of 12.5 mm maximum; .

__{d) welding procedure tests have been satisfactorily corried out.”

" NOTL 4. For pipes up to and includin,

be 30 minutes miniowm,

NOTE 5, For softening welded joints where oplimum creep propertics are not requirdd.
NOTE 6. (Sec alsn 1.20.2), When Ni Cr Fe weld metal is used, post-weld heat treatment is not required for pipes
thinner than 15 mm for service lemperaturcs above =105 °C.
e il the Nicontent of the weld melal exceeds 3 %, post-weld heat Ireatment is not required for pipes thinner
"= than 20 mm lof service temperaturcs above -75 °C, .

g 127 mm diameter and up to and including 12,5 mm thick this lime may

ceified in the application standard, post-weld heat
 requirements and all the following criteria are satisfied

1.20.5 Plate flanges and attachments
NOTL,

welds fuining the Nange of atachment to the pipe and not the thickness of th

leat treatment is based on thie hominal value of the sum of the individual throay thickness dimensions for each of the

e flange or atachment,

1.20.5.1 Carbon steel {<0.25 C). Welds conneeting flanges or attachments s_ﬁull be ﬁost-wcld heat-treated in

accordance with Table 6 where:
(1) Tisover 35mm, or

{2) the distance from the toe of a flunge weld 1o the toe of a weld on an adjacent aftachiment is less than 4T,

where Tis the nominal value of the sum of the individual throat thickness dimensions £

joining the Mangz or attachment to the pipe.

1.20.5.2 Carbon {>0.25 C 0.4 CJ amd allry steels, Welds connecting plate fla

or each of the welds

nges or 3 ltachments. in which

either the pipe or Nange (attachment) is of the carbon (> 0.25 C 0.4 C) or alloy steels specified in 1.2, shall
be post-weld heat-treated to meet the requirements of 1.3 in accordance with the temperature and time at

temperature required by Table 6,

1.20.5.3 Treatment. Post-weld heat treatment should prelerably be carricd out in a stationary industrial furnace
but where it is necessary to locally heat-treat plate flanges, the whole of the Nange shall he heated and the
temperature gradient along the pipe shiall be such that the length of material 2djacent to the weid 21 3 temperature
exceeding half the heat treatnent temperature is at Jeast 2.5 \/FF wihere ris the bore radius and T is the

nominal value of the sum of the individual throat thickness dimensions for each of the welds joining the Mange or

attachment to the pipe.
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NOTE. To eliminate heat treatment on site work it is recommended that welded attachments should not be made duect to the «
.pipe. Instead, intermediate plate or plates should be welded to the pipe in the shop, heat-treated where necessmy, and the . &
attachments welded to the intermediate plates at site.

1.20.6 Methods of heating. Heat treatment shall be carried out by one of the following methods, care bemg taken
to ensure that the minimum stiptlated temperature is achieved through the thickness of the pipes:s
(1) heating in a stationary industrial furnace ‘ : ‘
(2) local heating: ) . - “ R o
A. portable muffle furnace ' ' ) R
B. induction coils ~
C resistance heaters : R o
Manually-operated gas torches shall not be used.
Alternative methods of heating which preclude the use of thermocouples and have heatmg rates in excess of
those given in 1.20.7 may be used provided that the reproducibility of the technique can be demonstrated to the _
satisfaction of the purchaser or his representative and it can be shown that the method is metallurgically
acceptable for the steel involved. , ‘ c
1.20.7 Heating rate. When 2 stationary furnace is used, its temperature shall not exceed 400 C at the time the
pipework is inserted,
1.20.7.1 Other than % Cr % Mo % V and 2% Cr I Mo sreels. lrrespectwe of the method of heatmg, parts shall be
heated to the appropriate lemperature anve 400 °C-, at a rate not excecdmg the- followmg . L ' &_ |

For pipes of thickness up to and including 25 mm : 220 °C per hour _

For pipes of thickness + over 25 mm: 220x 25 °C per hour, or
r

,_ 55 °C per hour whichever is the greater.
1.20.7.27% Crz Mo %4 V and 24 Cr 1 Mo steels. Irrespective of the method of heating, e
- parts shall be heated to the approprlate temperature at - ’ :
! arate not exceeding the following: RN &
‘ For pipes up to and including 127 mm diameter and up to and including 12.5 mm thick :
' 200 °C per hour above 400 °C
For pipes over 127 mm diameter or of thickness ¢ over 12.5 mm : ‘
100 °C per hour, or’ : 4 e
250 x 25 °C per hour, whichever is the lower.” 1
t i
1208 Cooling after heat treatment Parts shall be allowed to cool down to 400 °C at the appropriate. rate
specified in 1.20.8.1 or 1.20.8.2. Below 400 °C the parts may be cooled in still air.
1.20.8.1 Other than i Cr/ Mo % V and 2% Cr 1 Mo steels. Parts shall be aliowed to cool at a rate not cxceedmg
the following: . .- -
For pipes of thickness up to and including 25 mm: 275° C per hour o -
For pipes of thickness ¢ over 25 mm : 275 x 25 °C per hour or
‘ t

55 C  per hour whichever is the greater.

1. 20 8 2 /S C‘r/Mo / Vand 2/ Cr J Mo steels

rur ey — - ﬁ-,-._..-.- - .

‘Parts shall be allowed to cool at a rate not exceeding the followmg ’ v 2 {t
i

For plpes up to and including {27 mm diameter and up to and inctuding 12.5 mm thick :;
250 °C per hour : :

For plpes over 127 mm diameter or over 12 5 mm tIuck 50°C per hour

i X . e i

P
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