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B.S. 1821 : 1957

"' B.S. 806. Ferrous pipes and piping |

provisions of & contract. . --.i0 oo S

Tl

This BRITISH STANDARD, having been mnwmoén by the -

Welding - Industr: . Standdrds *Committee and endorsed by
the Chairman of the Engineering Divisional Council, was
published under the authority of the General: Council as a
British Standard on 28th February, 1957,

First v:w:?& H::EJ,. 1952, e
First revision February, 1957. —

The Institution desifes to_call attention to the fact that this
British Standard does not purport to include all the necessary

o : PR L -,

In order to keep abreast of progress in the industries con-
cerned, British Standards are subject to pericdical review.
Suggestions for improvements: will “be ‘recorded and in due
course brought to the notice of the committees charged with

the revision of the standards 10 E:mnraraw.a.nnmq.

A complete list of British Standards, 3:Bc2€m..o<ma. 2500,
indexed: and cross-indexed for reference, together with an
abstract of each standard, will be found in the Institution’s
Yearbook, price 13s. et T

Standards:— ~ * ¢ -t 1y e 0 F
B.S. 534. Sieel spigot and- socket pipes and specials for
: " water, gas, and sewage. | o e

This standard makes referenice to -the following British

nstaflations for and in

. connection with land boilers. : .

B.5. 854. Welded steel boilers for steam central heating.

B.S. 1113. Warcr wube boilers and their integral superheaters.

B.S. 1295. Tests for use in the training of welders. - ’

B.S. 1453, Filler rods for gas welding. = -

B.S. 2633. Class 1. Metal-arc welding of steel pipelines and
. . . pipe assemblics for carrying fiuids.

British Standards are revised, when necessary, by the issue
either of amendment slips or of revised editions. 1t is important
that- users of. British Standads,shoutd gscertain, that they are
in possession of-the latest amendments or editions.

L. -

“The following B.S.1. references relate 1o, the work on this standard:—

Commitiee reference. WEEf21. Dralt for’ comment CW(WEE) 13

2
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~ CO-OPERATING ORGANIZATIGNS
The Welding Industry. Standards . Committce, under

.. whese supervision this British Standard was prepared,

consists of representatives from the _.oq_ofs:m Govern-
ment departments and scientific ' and  industrial
organizations:— . ,
*Admiralty

Aluminium Development Assaciation

" Aluminium Industry Council

*Associated Offices Technical Committee
Association of Consulting Engineers, Incorporated
*British Acetylene Association T
British Contructional Steelwork Association
*British Electrical and Allied Manufacturers’ Association
*British Iron and Sieel Federation .
British Railways. The British Transport Commissicn
*British Welding Research Association )
Crown Agents for Oversea Governments and Administrations
D.5.LR.—Mechanical Engineering Reseaicii Organization

*Institute of Welding o

Institution of Civil Engineers

Institution of Electrical Engineers
*Institution of Mechanical Engincers

Institution of Structural Engineers
*Lloyd’s Register of Shippifig o

Ministry of Labour and National Service (Factory Department)
*Ministry of Supply .

Shipbuilding Employers® Federation

Society of British Aircraft Constructors Ltd.

War Office

The Government departments and  scientific and

industrial organizations marked with an asterisk in the

above list, {ogether with the following, were directly

represented on the committee entrusted wits

preparation’of this British Standard:— :

Association of Heating, Ventilating and Domestic Engineering
Employers i ’ .

British Engineers Association

British Refrigeration Association

Central Electricity Authority and Area Boards

Institute of Plumbers .

Ministry of Works ™

Gil Combanies Material Committee

Individual Firms
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B.S, 182t : 1957

BRITISH' STANDARD ‘SPECIFICATIO

N'F

. o * :

OR

* _OXY-ACETYLENE WELDING OF STEEL.

PIPELINES -AND PIPE ASSEMBLIES
- FOR CARRYING FLUIDS

FOREWORD .7 0 ey ea)
Lack of uniformity in welds employed for the joints ir jpipeliaes and pipe
assemblies carrying’ fluids and “for’ sécuring flanges and attachments,
such as anchor plates to pipe, can result from‘variations in-practice as
regards weld preparation, welding and’ heat tréatment procedure, the
training and testing of weldef's, and the inspection aind testing of production
welds. Good practice in all these respects having now been established, a
series of standards s being ‘issued to-covér th _production’of welds in
steel pipe and pipe assemblies of any materal Yised sufficiently widely to
warraat its inclusion. The series is planned. to comprise standards for
welds made by each established weldinig piocess, viz.: ‘oxy-acetylene,
metal-arc, flash butt and inert gas arc welding. Where appropriate, i.c.
generally in the case of the mariual processes, the'standards will be further
sub-divided to cover Class I atid Class’JI welds.’ o

The three standards so far compieted are:— TR

B.S. 1821, Class I oxy-acetylene welding of stesl pipelines and pipe

assemblies for carrying fluids.. -

B.S. 2640. Class 11 oxy-acetylene welding of steel pipelines and pipe
assemblies for carrying fluids. T ‘

B.5.2633. Class 1 metal-arc welding of steel pipelines and pipe

assemblies for carrying fluids. - :

,.an. application standard requiring welds for pipelines or other pipe
assemblics carrying fluids, egc - -0 B

B.§. 534. Steel spigot and socket pipes and specials for water, gas,
and sewage. - 7 o

1.5, 806." Ferrous pipes and piping installations for and in con-

nection with land boilers. , T

B.S. 854, Welded steel boilers for stéam central heating, .

B.S. 1113. Water tube boilers and their iritegral supérheaters.

will lay down the tésts required on complefed welds for particular services,

but will select the forms of joints where applicable from the present series

of standards, e.g. B.S. 1821, B.S. 2633 and B.S. 2640. For welding pro-

cedures they will refer to standards in the present.series. considered

6
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w_u_unuunm,o»oEamng.nooon&zonmooﬁaa gﬁnvmnmnim;_ﬁ:nmaom

standard. e .
:Until such times as the H.ﬁdn.w.me.. ‘application standards exist in all

fields, it is suggested that the Class :"and Class II pipe weld standards be

 applied as shown in the following table, The service conditions for which
" gusseted bends and slceve welds may be used should be the subject of

‘agreement between the purchaser, manufacturer and inspecting authority,

“except where an application standard permits the use of such bends, e.g.
B.S. 534, * Steel spigot and socket pipes and specials for water, gas and

sewage ', -
) Qn&
 Service — -
Class T Class IT
Steam Over 250 Ibfsq. in. or over | Up to 250 Ib/sq. in. and up to
o CABSCF(220°C) - . - | 425°F (220°C) .
Water .| Gver 350 Ib/sq. in. or over | Up to'2501b/sq. in. and up to
. 400°F (204°C) . | 400°F (204°C)

Over mmo.E_.un. int. up to
350 Ibfsq. iti. and up 1o
- 200°F (93°C)

Reifigerents* | Over 250 Ib/sq. in. or below | Up to 250 Ibfsq. in. 2nd down
. . GF(-18°C) o . to 0°F {—~18°C)

* For low temperature service, it is necessary for special consideration to be given

ta the material of the pipes and the filler rods used together with the method of
manufacture.

SPECIFICATION

In this British Standard the word * pipe *, alone or in combination is used to
mean * pipe * or * tube *, although these terins are often used for dilfersnt categories
of product by different industries. S .

NOTE. The terms * Class I° and * Class 1i* welding standards are of long standing

-, and are well understood in the welding industry. However, it is desirable 10 mention

that, in the aircraft industry, the terms * Class I * and * Class I " are also used; they
define structura! members. and joints, both of which can include applications of
welding, amoag them those of pipelines. In that context, * Class I" defines a part,
the failure of which might be'the direct cause of cerfain drastic consequences to the
aircralt;.* Cliss I * defines any other highly ctressed part. The full definitions are
given in AP. 970, * Design Requiremenis for Acroplanes for the Royal Air Force,'
Yol. 1, Chag. 400, Paragraph 2. As welding conlractors may well, from time to.time,

;- be engaged in boih fields of activity, it is possible that confsion may arise between

she two sets of definitions and it is; therelore; suggested that they be distinguished
Class I (Generat engineering) or Class I(Aircraft), etc., as appropriaté, when confusion
could otherwise arise.- . .

ST
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5. 1821.: 1957

(PART I, GENERAL )

e C L scorE T
L. This - British Standard covers the shop and site oxv,-mncmu.mn:oe.a_&:m
of steel pipelines amd pipe assemblies carrying Muidy suilable for Class |1
conditions in sizes up to 20 in. diameter, provided that preheating is
carried out when the thickness excesds Ze in. It specifies the standards of
‘workmanship of which the welders shall be capable, and. the standards to
which the welds shali conform.

PARENT METALS
2. This standard relutes 1o pipes made from (he following types of
steghi—

a. Mild steel and carbon steel containing not more than 0-3 per
_cent carbon, ]

5. Alloy steels of the 0-5 per cent Em_wwna_._:s._ type, with carbon
content not exceeding 0-3 per cent.

‘c. Alloy steels containing not less than 0 * =er cent and not more
than i-2 per cent chromium, not less than - ¢ ger cent and not more
than 0-7 per cent molybdenum, and not rore ti:an 0-25 per cent carbon.

his ciause does wiet purport to specify the materials to be used in the
manufacture of the pipes and reference should be made to the appropriate
British Standard. : : .

) FILLER RCDS
-3. The filler rods shall comply with the following requirements:—
a. For mild steels and carbon steels ‘noﬂmmzm:mﬂ not more than
0-3 per cent carbon:— -
Type A2 of B.S. 1453,

b. For alloy steels of 0-5 per cent molybdenum Lype with carbon
content not exceeding 0-3 per cent:—
. . Type AG of B.S. 1453.
¢. For alloy steels containing not less than 0-6 per cent and not
more than 12 per cent chromium, not less than 0-4 per cent and not
mot - 3han 0+7 per cent molybdenum, and not more than 0-25 per cent
carbuii—
Type A6 of B.S. 1453.
The us¢ of a'welding rod containing chromium is not essential for this
type of steel, and the plain molybdenum steel welding rod may be vsed.

NOTE. It #s difficult to weld satisfactorily with welding wire containing more than
0-6 per cent chromium, owing to the formation of a scum on the surface of the molten
pool of metal.

SUPERVISION, WORKMANSHIP AND EQUIPMENT
4. The contractor shall employ sufficient competent supervisors to ensure

8
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that the workmanship complies with the requirements of this standard,
and that the welding material used is correct for the pipe being welded.

The contractor shall also take the nceessary steps to ensure that all
welders employed on - pipe assemblics of which the welded joints are
required to comply with this standard arc capable of making welds of the
types regtired, and of passing the tests laid down in Part 7.

Where necessary, staging and protection from the weather shall be
provided to enable the welding operation to be performed correctly. All
welding equipment shall be in good condition, and such as to enable the
welder to maintain the correct neutral Nlame at all times.

S o WELDING TECHNIQUE .
-5. Welding shall be carried out by any of the methods described in
‘Appendix A, subject 1o the limits imposed in Table 5.

- If the thickness exceeds %s in., pre-heating shall be carried oul.*
" - The temperatures for pre-heating shall be as specified in Table 1 and
shall be maintained during welding. -

TABLE 1. PRE-HEATING TEMPERATURES

H_,.-—nrn.m.wm - ‘ Mnm.zns_mun temperature {min)

in.
Over He up to and including ¥ ¢ - 100°C (212°F)
* Over *¥¢ up to and including 7% . © 200°C (392°F)
Over % 300°C (572°F)

FUSION FACES

6. The fusion faces and the adjacent .imﬁnm_.m:m.: be thoroughly cleaned
of scale, rust, paint, oil or other foreign matter. :

ASSEMBELY FOR WELDING

- 7. To maintain the specified alignment and gap during welding (sce Tables
2 and 5) the pipes to be welded shall be securely held in position by
mechanical means, welded-on bridge pieces or by tack welding, Where
tack welding is adopted the tack welds shall be either melted ont during
welding or made as part of the main weld and of the same quality as that
weld. . L :

* This muy be done by means of a portable pipe furnace, or.by means of a welding
torch used by a second operator. The temperature may be ascertained by means off
a thermocouple, or judged by the use of temperature—indicating paint or crayon,

9
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_ subsequent heat treatment and cooling,”

%. Where the effects of thermal expansion in séfvice dre to be conteracted
by cold pull ‘durifg ergction’ of the pipeline or' pipe ‘assembly; the cold

puil shall be maintaized during preheating @womm‘uum:owc_nu. wetding,

9, Welds in mild steel ”Emnm shall be .q..mom_.uﬁm.NnP by wnmmn,m,ﬁn BnS_.. to i
a temperature between 900°C :and. $50°C, (1650°F .and 1740°F), - the
temperature then being maintained for not less than two minutes for
pipes up to and including 434 in. O/D and for not less than five minutes
for pipes over 414 in. O/D, T -

Welds in pipes miade from the alloy steels specified'in Clause 2 shall be
normalized by heaing the metal to a ‘termperatore’ between 925°C-and
975°C (1700°F and 1790°F); thé température’ then’ being ‘maintained for
not less than two minutes for pipes up to’and:including 434 in.’0/D and
for not less than five minutes for pipes‘over 4% in: O/D. The ‘higher
temperatures of between 350°C and 975°C (1740°F and 1790°F) shall be
used for alloy stecls having-a carbon content uo fo and including 0-12 per
cent, and the_lower temperatures, of between 925°C and 950°C (1700°F
and 1740°F) shall be used for alloy steels having a carbon content of more
than 0-12 per cent. : : ’ ,

Heat treatment shall be carried out by heating in an industrial furnace.
The temperature. of the joint shall be_measured. by -thermocouples 50
disposed within the furnace as & give,a,_true measure of the joint
lemperature, S

The width of ths zone to be h-si-ureated to the specified termpcrature
shall extend at least 34 in. on cither side’of the weld reinforcement.” ™

The normalizing of welds in pipes up to and including 434 in. O/D
may be carried out with welding flames, the temperature being judged with
the aid of a colour card,* or measured by means ‘of one or more thermo-
couples or an optical pyrometer. Afier niormalizing, the Jjoint. shall be
covered with a suitable muff or asbestos cloth to ensure slow and even

cooling. B S A RPT

_u_._.nm._ .mm. Nm anmw_.. ﬁ.nn.....u_..r,. :n _mum_mwr
‘London, WA "0 T

i er.

* Suitable colour cards _._”_E.,dm..m_ﬂ.pion..m—..w_
ina_zwwanﬂnu.»muoau_mo?.no—»Ewunqann:ﬂ

A N S

i
.
1
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PART 2. BUTT JOINTS

GENERAL ;- - !

10, All butt joints in pipes and fittings shall no:_m.@ “with the general

requirements enumerated in Part 1, and with the specific requirements in
the refevant section or sections of this part of the standard.

SECTION ONE: ALL TYPES OF BUTT JOINTS*

MATCHING OF BORES
11. The bores of the ends of adjacent pipes shall preferably, for welding
purposes, malch exactly, but in any case shall not differ at any diameter
by more than the amounts given in Table 2, whilst the alignment shail be
within the limits stated 1n that table.

It is recognized that the ends of pipes and welding fittings wili be
supplied to standard tolerances and may not match, especially if placed
together at random. Additional operations may thercfore be required to
ensure the alignment here specified.

The welding of pipe joints to this specification shall include the proper
matching by the welding contractor of the pipe ends at each joint, before
welding. Matching shall be effected by selection, drifting, grinding, ot
rmachining, or by the use of a roller expander having an even number of
rollers. If drifting is used it shall be done on a slow taper drift under the
conditions defined jn Table 3. .

Wherever the thickness is reduced by drifting, machining cr expanding,
the thickness at every point in the circumference clear of the weld bevel
shall be not less than the designed thickness for the particular pipeline.
Any machining shall run out smoothly into the bore at a taper, measured
on thickness, not steeper than 1 in 4. .

If the maximum permissible amount of machining is insufficient to
match the ends, drifting or expanding should be employed, but a combina-
tion of drifting or expanding, with machining within the permitted limits,
may also be used if desired. . ‘

TABLE 2. SIZING OF PIPES

, Qutside diameter . Maximum Maximum
. permissible out af
- . E:.ﬁmann_ in . n:nz.ﬂ_ma
- Upto and interna at the
Orer including | _diameter bore
. in, inn. | i in.
= & Vi Yaa
4. . .12 CMs o ] M
12 20 . .Mmu. ] a4

In this section the term * pipe * shall cover pipes and fittings.
’ N § T ;
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BEVELLING OF PIPE ENDS

12. The joint preparation for the pipe ends shall comply with the require-
ments of Table 5 appropriate 1o the welding technique adopted. The
method of preparing the ends shall be as defined in Tables 4 and 6, and
Figs. 1 a., b. and ¢, : ’

For pipes not exceeding 654 in. outside diameter, the plane of the end
shall be true within ¥ in. For larger pipes the plane shall be true within
Y2 in. (see Note 2).

NOTE 1. Square cut pipe ends. Although Table 5 provides iur the welding of pipes
with square cut ends, it should be notes: that this requires a greater degree of skill
on the part of the welder. .

NOTE 2. Planes of pipe ends. For pipes which are intended to be in axfal alignm=nt
the plancs of the ends should ke square with the axis of the pipe.

' TABLE 4. METHODS OF END PREPARATION

Preparation o -~ Methods

Square end i 1, Sawnor parted off
* 2. Machine flame cut
3. Hand flame ewt, trued up by filing or grinding

Bevelledend | 1. Machined or ground *
T 2, Machine flame cut
, 3. Hand fiame cut, trued up by filing or grinding

12

NOTE. .ﬁ..nﬁ. It mm.muu_dnmw"nn that there may be difticulty in complying strictly with
the specified requirements _._un gap, and slight modifications imposed by practical
considerations may be permitted by agreement between the purchaser and the con-
tractor, '

The dimensions of the £ap specified in Table 5 are the dimensiens after rack welding,

MAXIMUM DIFFERENCE IN PIPE THICKNESS

13. When the difference in thicknesses of Pipes to be joined exceeds the
value specified in Table § (see also Fig. I a.), this difference shall be reduced
to within the specified limits by machining in the manner shown in Figs,
Lb. oand 1 e, : =

NOTE. Where the welding of castings to pipes is involved special atiention should

wm paid to the m_.ummmu_ _.nmcm_dn._nn.m of the appropriate standard, e.g. B.S. 806, ' Ferrous
Fipes and pipe installations for and in connection with land boilers,'

TABLE 6. MAXIMUM “U.H_ummz.mznumM IN PIPE THICKNESS*

Actual _-z.nf.ﬁmm of * Maximum difference in
thicker pipe i pipe thickness
in. ) in. -
Up to and including 74 . 74
Over % ‘ ¥4

o _u_.mn__n..m_._.zﬁmn‘mmm:o:m carried ouy by the Committee entrusted with the preparation
.ou. 5.5 British Standard have shown that the thicker the pipe the smaller the difference
in thickness that can be tolerated for oxy-acetylens welding,

13
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T TABLE 3. DRIFTING OF PIPE ENDS ~ TABLE 5. PREPARATION OF ENDS j
: o [ " . : . 1 Thickness | Tncladed angle | :
Outslde diamcter 1. Amount of cxpansion Condition for .- Technlgue “ Thickness Y bevel o © | Gap Root face
- i as percentage of " expansion )
Qver Up teand ! divmeter i i -
. < b inchding : i, . degrees in,
. o ; ' ) ) : Less than1g , - 0 o HAztolg )
i J in : Leftward " . R,
o i S : . . i ¥wHe ; 8090 t
— o 12 . i Not more than 3 per | Hot or cold __ _q . His 10 35
- ! ; . cent (as desired) " . . | Less than ¥ : 0 %0 14
. ! _w :Over3percent Mot . 0 - Rightward ; : : :
! | .._ | #eandover | 6070 % 10 %o Not to
’ : _ , . ; T i exceed
o 12 w 20 Al values Hot o | Less ihan e | 0 %o 1o 1% ﬁ Painay
: . All position,  — ; - - where used
NOTE. When drifting or expanding hot, the temperature shall be a normalizing rightward | 3{s and over | 5050 1% to 56
: 1 - temperature between 900°C and 950°C (1650°F and 1740°F) for mild stecl, and between ! ’ : ’
: 925°C and 975°C {(1700°F and 1790°F) for alloy steels or o temperature in the sub- . y L ) . A
K critical range not exceeding 650°C (1200°F) but exeluding the range of 200°C 1o .?HE:_E_E,. L - 60-80 2 10 He
: - 500°C (290°F to 1020°F). R . — .
) , Block welding i Over ¥s ! 60-80 - J52 10 ¥ .;
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Fig. 1a. Thick to thir scctions (not machined)

_-Taper aotsteeperthantin 4

Taper not suzeper
than lin 4

t=thickness of thinner pipe

Fig. 1¢c. Thick to thin sections (same 0O/D)
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REQUIREMENTS FOR COMPLETED WELDS

A Therc shall be complele interfusion beiween the weld metal and the
=" pipe material; and on inspection, during and after welding, welds shalt

show the following features:— ...

a. Shape of profile. There shall be external "weld reinforcement,
preferably within the limits recommended in Table 7 and this reinforcement
shall be substantially symmetrical about the centre-line of the joint. The
shape of the reinforcement may vary according to the type of filler metal
used, the welding position and the welding technique, but shall in all cases
be of smooth contour (see Figs. 2 and 3). .

TABLE 7. AMOUNT OF REINFORCEMENT

Pipe thickness Recommended limlts
_ Over ﬂﬂﬂ-nﬂ.% Min. Max.
in. in. in. in.
— .ou M ¥
] - Ye He
¥ - B 1

Where pipes of similar bore, but of different thicknesses, are to be
joined, or whete castings are to bz welded to pipes and the castings are
thicker than the pipes, the profile of a section through the weld shall be as
showa in Fig. 1 a. provided that the difference in thickness does not exceed
value specified in Table 6.

Where pipes of similar outside diameter, but of different thickness are
10 be joined, the profile of the section through the weld shall be as in
Fig. l e .

b. Degree of undercut. The weld metal shall be properly fused with
the parent metal without serious undercutting. Slight intermittent
occurrences of undercutting may be disregarded provided that such
undercutting is not in the form of a sharp notch.

¢. Smoothness of weld. The stop and start of each run of weld should
merge smoothly and should show-no pronounced hump or crater in the
weld surface. o

d. Freedom from surface cavities and burnt-on seale. The surface of the
weld shall be frec from porosity cavities and burnt-on scale.

¢. Penetration bead, The weld shall fuse the pipe at the root without
protruding excessively into the bore. In general, the bead shall not
protrude into the bore by more than ¥s in. although slight excess of
penetration is allowable. ‘ R

NOTE. For guidance in the visual examination of welds, sec B.S. 1295, * Test for
use in the training of welders * Schedule 1. - .

15
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(b) Too abrupt reinforcement.

(<} Incompietely filied groove.

Fig. 3. Undesirable weld profiles
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