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PD 3561
Amendment No. 1, published 7 December, 1959

to B.S. 1113 : 1958
Water tube boilers and their integral superheaters

Revision

Clause 23. Material. Amend the carbon content to read:
0-15 per cent max ’ instead of  0-10 to 0-20 per cent ’.

Clause 64. Fittings and tubes. Amend this clause to read as follows:

‘E. FITTING OF TUBES

64. Tubes may be fitted by expanding, expanding and welding, or strength
welding, and in the case of superheaters, the tubes may be fitted by means
of mechanically bolted joints.

Where tubes are fitted by propulsive expanding they shall be belled
out from the edge of the tube hole at an angle to the tube axis to resist
withdrawal, but in no case shall the projection of the tube through the
parallel tube seat be less than 4 in. and the diameter of the belling shall
be not less than as shown in Table 7.

TABLE 7. BELLING DIMENSIONS OF EXPANDED TUBES

Minimum increase in
Outside diameter of tube diameter of belling over
diameter of tube hole

in. in.
Up to and including 2 14
Over 2 up to and including 3%4 %2
Over 34 up to and including 4 ) e

Where tubes are secured by other methods of expanding, such as
retractive expanding, or by expanding and welding, the belling of the tubes
may be omitted by agreement between purchaser and manufacturer.
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Tubes may be joined to one another or to tube-stubs by welding (see
Clause 68).

Where tubes or tube-stubs are secured to drums or headers by welding
only (see Appendix B) the weld shall be effectively stress relieved.

In cases where it is not practicable on account of the stress relieving
requirements to renew tube-stubs when their matching tubes are renewed
it is recommended that the tube-stubs be made at least 0-05 in. thicker than
the thickness derived from Equation 22 (see Clause 88) to allow for any
wastage in service.

The tube holes in the tube plates of drums, pockets or headers shall be
formed in such a way that the tubes can be effectively tightened in them.
Where the tube ends are not normal to the tube plate, there shall be a neck
or belt of parallel seating at right angles to the axis of the tube at least
% in. in depth measured in a plane containing the axis of the tube at the
hole.

Where the tubes are almost normal to the tube plate or the header,
this parallel seating shall, wherever practicable, be not less than 3% in.
in depth.’

Clause 90. Tube Stubs. Delete ‘ paragraph 5’ at the end of this clause and
substitute ¢ paragraph 6 °. This alteration results from the modifications
to Clause 64.

Corrigenda

Clause 16. Mechanical tests. Amend the first entry in Table 4 to read
¢ Up to 32 instead of * Up to 32 in.".
Clause 18. Material. Amend the sulphur content to read:

¢ 0-040 per cent max (basic) ’ instead of ¢ 0-40 per cent max (basic) °.
Section Four. Rules for Scantlings. Transpose the sub-heading ‘ A. Drums
and Cylindrical Headers’ to appear immediately before Clause 71,

Thickness.

Clause 78. Header Ends. Substitute * 7Tg ’ for * T’ in Equation 11, in two
places.

Fig. 14a. Substitute dimensional letter * F’ for * C” to indicate depth of
weld.

Replace the legends for T’ and ‘ C’ by the following:
Ts = thickness of unpierced shell.
F = 2Tg or Tg — 14 in. whichever is less.
Clause 91. Rectangular section headers. Amend Equation 26 to read:
‘T=025+01+D"
Appendix A. Longitudinal Stress. In the second Note substitute ‘ 2544 in.’
for * 214 in.’. '
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PD 3715

Amendment No. 2, published 28 March, 1960

to B.S. 1113 : 1958
Water tube boilers and their
integral superheaters

Revision

Clause 3b. Seatings for mountings. Amend the first sentence of
sub-clause e to read:

‘ Flanges may be forged solid with the standpipes or secured in
accordance with the constructions referred to in Appendix B.’

Clause 66. Header branches. Amend the first sentence of sub-clause b
to read as follows:
¢ Flanges may be forged solid with the headers or branches, or

secured in accordance with the constructions referred to in Appendix
B’

Appendix B. Typical methods of attachment of standpipes, branch pipes,
tube stubs and flanges of welding. Insert the following at the end of
the text on page 92:

‘ Flanges Welded-on ﬁanges may also be used in accordance with
the provisions laid down in B.S. 806, but where a 34 per cent
molybdenum steel flange is used only the type shown on Fig. 26 of
this standard is recommended.’

Corrigendum

Appendix B. Figure 26. Welding neck flange. Amend the legend for ‘g °,
where ¢ is greater than % in, to read:

‘g = % in. min., % in. max.’
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PD 4451

Amendment No. 3, published 28 February, 1962
to B.S. 1113 : 1958

Water tube boilers and their
integral superheaters

Revision

Title. On the cover, title page and on page 10, amend the title to read
‘ WATER TUBE BOILERS .

Clause 2. Information to be supplied by the manufacturer. Amend to
read:
¢ The manufacturers shall, on request, supply the purchaser and/or
the inspecting authority with:
a. fully dimensioned sectional drawings showing in full detail
the construction of all the pressure parts of the boiler,

and

b. where alternative methods of manufacture are permitted by this

standard, with details of the method chosen by the manufacturer
for approval before putting the work in hand.

Where alternative methods of testing are permitted by this standard
the manufacturer shall disclose to the purchaser and/or the inspecting
authority, the procedure selected by him before putting the work in
hand.’

Clause 395(i) Expanding, belling and seal welding. In the second line delete
‘1% in’ and substitute ‘2 in’.

Clause 39b(ii) Screwing and seal welding. In the second line delete
‘1% in”’ and substitute ‘2 in’.

Clause 57. Mechanical tests and test plates for fusion welded seams. In
the second line of the fourth paragraph delete the words * if staggered °.

Clause 68b. Testing routine for butt-welds of tubes, integral piping,
headers and similar components. Amend the last paragraph to read as
follows and set out to the normal margin:

‘In the event of any test in (i), (i) or (iii) above not meeting the
requirements, defects in the welds represented by that test shall be rectified
and the inspecting authority may call for an increase in the number of
tests until such time as a satisfactory standard is achieved.’
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Table 8. Design stresses at working metal temperatures for boiler drums,
integral superheater drums, headers and standpipes. Insert the following

column 5A between columns 5 and 6:

1 5A
Design stress
Working T
metal Carbon steel
temperature e
Tensile strength
31 tons/sq in
minimum

°F Ib/sq in

up to 650 17 400

700 16 700

750 14 600

800 11 900

850 9 200

900 6 300

925 —_

950 —

975 —
1000 —
1025 —
1050 _—
1075 —
1100 —_—

Table 13. Design stresses at working metal temperatures for tubes. Insert
the following reference to the list of B.S. specifications at the foot of this

table:

¢ 1B.S. 3059/13. Electrically welded carbon steel boiler and superheater tubes

Full document details: BS 1113:1958

(27 tons/sq in minimum tensile strength).’

Corrigendum

PD 3715, Amendment No. 2, published 28th March, 1960.
In the first line, amend ¢ Clause 35’ to read ¢ Clause 39 °.
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PD 4842

Amendment No. 4, published 27 March, 1963
to B.S. 1113 : 1958
Water tube boilers

Revision

Clause 47, Definition of the term  fusion weld.” Amend to read:

* The term  fusion weld ’ is, for the purpose of this standard, applicable
to all joints in boiler drums and associated pressure vessels made by an
electrical welding process in which the parent metal is fused, with or
without deposited metal, in an environment shielded from atmospheric
contamination. It is intended that the relevant provisions of this standard
shall apply to multirun techniques and also to a single or double heavy
run process. Welded drums manufactured by such a process shall comply
with all clauses of this section of the standard except those in which
divergence is necessary solely because of special requirements essential
for the most efficient utilisation of that process. Thus all clauses governing
quality of material, construction, workmanship and testing (both non-
destructive and otherwise) are generally applicable.

NOTE. Where welded drums ordered to this standard are made by a heavy run
process it should be understood between purchaser and manufacturer that Clauses
51 and 61 do not apply in their entirety; the method of making the welds and the

subsequent heat treatment of the drums should be agreed between the purchaser and
the manufacturer.”

Clause 51. Method of welding. Amend to read:

¢ The seams may be welded from both sides of the plate or from one
side of the plate with or without a backing strip. If a backing strip is used
it shall be removed and the surface so exposed shall be dressed and shall
be free from cracks. Each run of weld shall be thoroughly cleaned and
freed from any slag that may adversely affect the quality of succeeding
runs. There shall be no undercutting at the junctions. The positions of
the welds shall be permanently marked to facilitate their location.

When affixing standpipes, branch pipes, seatings, compensating plates,
doubling plates or manhole frames, not less than two runs of metal shall
be deposited at each weld. The surfaces of the weld shall be finished so
as to provide a smooth contour.’
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Clause 57b. Tensile test pieces. Amend sub-clause (i) to read:

‘(i) Welded seams. The dimensions of the specimen shall be in
accordance with Specimen 1, -Fig. 5, and the specimen shall be cut
transversely to the welded seam.

When the capacity of the available testing machine does not allow the
full specimen to be tested, two narrower tensile specimens shall be
substituted. These specimens shall be the full thickness of the plate at
the welded seam and their breadths shall be as great as the testing machine
will reasonably allow and the effective cross-sectional area of each test
piece shall be not less than 1% sq. in.”

Clause 59b. Radiographic examination. In the Note, delete the words
¢ should be read in conjunction with this clause * and substitute ‘ shall be
followed.’

Clause 61. Heat treatment. In the fifth paragraph, amend the third line
to read: : ‘

‘ temperature of 600 + 20°C (1112 4 36°F) and the drum shall’.

Clause 68b. Testing routine for butt-welds of tubes, integral piping, headers
and similar components.

Insert an asterisk after the word ‘ integral ” in the title and add the following
Note at the end of this clause:

‘*For the purpose of this standard, ‘ integral piping’ is considered as that within
the whole of the circulatory system of the boiler between the economiser or
feed water inlet header and the superheater outlet header, and where a reheater is

fitted, between the reheater inlet header and the reheater outlet header, and as such
shall be non-destructively tested in accordance with Clause 685.

Clause 74. Ligament efficiency of drum and header shells. Delete the last
paragraph of sub-clause a, and substitute:

¢ Where the circumferential pitch between tube holes measured on the
mean of the external and internal drum or header diameters is such that
the circumferential ligament efficiency determined by Equation 2 is less
than one half of the ligament efficiency on the longitudinal axis, then E
in Equation 1 shall be taken as twice the circumferential efficiency.’

Clause 82. Longitudinal joints. Delete the text of this clause and substitute:
¢ Longitudinal joints shall be fitted with double butt straps.’
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PD 5042
Amendment No. 5, published 10 October, 1963

to B.S. 1113 : 1958
Water tube boilers

Revision

Clause 68a. Butt welding of pressure parts. In the third paragraph, delete
the last three lines commencing ‘ except-that, irrespective of tube thick-

’

ness . . . etc.’.

Clause 95b. Hydraulic tests—completed boilers. Add the following Note:

“NOTE 2. Headers having circumferentially site butt-welded joints which have
been radiographed in accordance with Clause 595 are not to be regarded as
components within the meaning of sub-clause b(ii) above, provided that the
separate sections of such headers have been previously tested to a pressure of
1-5 P 1b/in? and the welding has been carried out in compliance with Clause 68a.’
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B.S. 1113 : 1958

Tris BRITISH STANDARD, having been approved by the
Mechanical Engineering Industry Standards Committee and
endorsed by the Chairman of the Engineering Divisional
Council, was published under the authority of the General
Council on 30th December, 1958.

The Institution desires to call attention to the fact that this
British Standard does not purport to include all the necessary
provisions of a contract.

In order to keep abreast of progress in the industries
concerned, British Standards are subject to periodical 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 to which they refer.

A complete list of British Standards, numbering over 3000,
indexed and cross-indexed for reference, together with an
abstract of each standard, will be found in the Institution’s
Yearbook, price 15s.

This standard makes reference to the following British
Standards:

B.S.  10. Tables of pipe flanges (for land use).

B.S. 18. Tensile testing of metals.

B.S. 21. Pipe threads. Part 1 : Basic sizes and tolerances.
B.S. 131. Forms of notched bar test pieces.

B.S. 350. Conversion factors and tables.

B.S. 425. Forms and dimensions of boiler rivets (as manu-
factured) (% in. to 2 in. diameter).

B.S. 537. Lancashire and Cornish boilers of riveted construction..

B.S. 609. Horizontal multitubular boilers of riveted con-
struction.

B.S. 639. Covered electrodes for the metal-arc welding of’
mild steel.

B.S. 665. Vertical cross tube boilers of riveted construction.
B.S. 759. Valves, gauges and other safety fittings for applica-

tion to land boilers and piping installations for and
in connection with land boilers.
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B.S. 761. Vertical multitubular boilers of riveted construction.

B.S. 779. Cast iron boilers for central heating and hot water
supply.

B.S. 806. Ferrous pipes and piping installations for and in
connection with land boilers.

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

B.S. 855. Welded steel boilers for hot water central heating
and hot water supply.

B.S. 916. Black bolts, screws and nuts.

B.S. 931. Loco-type multitubular boilers of riveted con-
struction.

B.S. 1633. Steel for land boilers, receivers and other pressure
vessels.

B.S. 1821. Class I oxy-acetylene welding of steel pipelines and
pipe assemblies for carrying fluids.

B.S. 2600. General recommendations for the radiographic
examination of fusion welded joints in thicknesses
of steel up to 2 inches.

B.S. 2633. Class I metal-arc welding of steel pipelines and
pipe assemblies for carrying fluids.

B.S. 2790. Cylindrical land steam boilers of welded con-
struction (other than water-tube boilers).

B.S. 2856. Precise conversion of inch and metric sizes on
engineering drawings.

B.S. 3059. Steel boiler and Superheater tubes.

B.S. 3100. Steel castings for general engineering purposes :
Specification B.S. 592.

British Standards are revised, when necessary, by the issue either
of amendment slips or of revised editions. It is important that
users of British Standards should ascertain that they are in
possession of the latest amendments or editions.

The following B.S.I. references relate to the work on this standard:—
Committee referencesMEE/34, MEE/34/2, MEE/34/2/1.
Draft for comment CX(MEE)7922.
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CO-OPERATING ORGANIZATIONS

The Mechanical Engineering Industry Standards Committee,
under whose supervision this British Standard was prepared,
consists of representatives from the following Government
departments and scientific and industrial organizations :—
* Admiralty
Air Ministry
*Associated Offices’ Technical Committee
*Association of Consulting Engineers (Incorporated)
British Chemical Plant Manufacturers’ Association
British Compressed Air Society
*British Electrical and Allied Manufacturers’ Association
*British Engineers’ Association
British Gear Manufacturers’ Association
British Internal Combustion Engine Manufacturers’ Association
*British Iron and Steel Federation
*British Railways, The British Transport Commission
*Crown Agents for Oversea Governments and Administrations
D.S.I.R.—Mechanical Engineering Research Laboratory
*Electricity Council, The Generating Boards and the Area Boards
for England and Wales
*Engineering Equipment Users’ Association
*Gas Council
High Commission of India
*Institute of Marine Engineers
Institute of Petroleum
*Institution of Civil Engineers
*Institution of Gas Engineers
*Institution of Heating and Ventilating Engineers
*Institution of Mechanical Engineers
Institution of Mechanical Engineers (Automobile Division)
Institution of Production Engineers
Locomotive and Allied Manufacturers’ Association of Great
Britain
Machine Tool Trades Association
*Ministry of Labour and National Service (Factory Inspectorate)
*Ministry of Power
Ministry of Supply
*Ministry of Transport and Civil Aviation
*Ministry of Works
National Coal Board
National Physical Laboratory (D.S.I.R.)
Radio Industry Council
War Office
The Government Departments and scientific and industrial
organizations marked with an asterisk in the above list, together
with the following, were directly represented on the Committee
entrusted with the preparation of this standard :—
Association of British Chemical Manufacturers
British Coal Utilization Research Association
British Welding Research Association
Combustion Engineering Association
Institution of Electrical Engineers
Institute of Fuel
Institute of Welding
Lloyd’s Register of Shipping
London Transport Executive, The British Transport Commission
North East Coast Institution of Engineers and Shipbuilders
Water-Tube Boilermakers Association
Individual Manufacturers of Water Tube Boilers
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BRITISH STANDARD FOR

WATER TUBE BOILERS. AND—THEIR

FOREWORD

This British Standard, first published in 1943 and subsequently revised in 1951,
forms one of a series for Land Boilers, the preparation of which was authorized
by the Mechanical Engineering Industry Standards Committee.

This standard has again been extensively revised. The use of the term
‘design pressure’ introduced in the 1951 revision instead of the terms previously
used, ‘maximum permissible working pressure’ and °safety valve blow-off
pressure’, which were derived from the Factories Act 1937, has been retained.

It is stipulated that the calculations made to determine the scantlings shall be
based on the design pressure, which shall not be less than the highest pressure
at which any safety valve is to be set to lift.

Many new provisions to bring this standard into line with present day
practice have been included, such as the inclusion of additional steels, and
requirements for welded-on and welded-in tube stubs for connecting pipes and
tubes by welding to headers, butt welding of pressure parts, and welding of
non-pressure parts to pressure parts. The drum thickness formula, the tube
thickness formula, the tables of design stresses for boiler shells, integral
superheater drums, headers, standpipes and tubes, and the hydraulic test
clause, have been modified. The rules for compensation for holes are still under
consideration and appropriate amendments to this standard will be issued in
due course. Users of this standard will find it helpful and advisable to make a
detailed comparison with the 1951 edition, particularly in regard to the tables.

Developments in design and materials, and the evidence of experience, have
been taken into consideration in the formulation and revision of this standard
with the object of providing adequate protection of life and property, a reason-
ably long safe period of usefulness and a proper margin for deterioration in
service.

The formulae in Section Four of this standard apply to boilers constructed
throughout under the conditions prescribed in the standard, which are based
upon average normal conditions of draught, good feed water and adequate
supervision.

Where working conditions are adverse by reason of abnormal rates of
firing, bad feed water, undue erosion, exposure to the elements, unavoidable
inadequacy of maintenance supervision, or other causes, it is recommended that
the scantlings arrived at by calculation from the given formulae should be
specially considered.

10
Documents

Document Sharing Hub

Full document details: BS 1113:1958


http://www.avadocuments.com/doc/bs-1113-1958
http://www.avadocuments.com/doc/bs-1113-1958

B.S. 1113 : 1958

One method of compensation for such adverse conditions may be to design
for a working pressure in excess of the intended operating pressure so as to
offset the possible reduction of life in service caused by the adverse conditions.

During the revision, consideration has again been restricted to those types
of water tube boilers in general use. It is realised that some of the formulae
included might be inapplicable to new developments, and in such cases the
scantlings should be the subject of agreement between the purchaser and the
manufacturer.

It is recognised that the design of water tube boilers is the subject of con-
tinuous development, and this British Standard will accordingly be revised as
and when necessary.

This British Standard forms one of a series of British Standards for boilers.
Other standards are:

B.S. 537. Lancashire and Cornish boilers of riveted construction.

B.S. 609. Horizontal multitubular boilers of riveted construction.

B.S. 665. Vertical cross tube boilers of riveted construction.

B.S.761. Vertical multitubular boilers of riveted construction.

B.S.779. Cast iron boilers for central heating and hot water supply.

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

B.S. 855. Welded steel boilers for hot water central heating and hot water

supply.

B.S.931. Loco-type multitubular boilers of riveted construction.

B.S. 2790. Cylindrical land steam boilers of welded construction (other than

water-tube boilers).

When it is required to convert the figures in this standard from British units
into metric units it is recommended that the conversion factors and the tables of
conversion contained in B.S. 350, ¢ Conversion factors and tables’, be used.
Attention is also drawn to B.S. 2856, ¢ Precise conversion of inch and metric sizes
on engineering drawings . .
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SPECIFICATION

SECTION ONE : GENERAL

SCOPE
1. This British Standard applies solely to water tube boiler units, including
superheaters and economisers and the other parts connected to the boiler
without the interposition of a shut-off valve, exclusive of brickwork setting and
insulation. The boiler(s) will be complete with mountings constructed in accord-
ance with B.S. 759*, unless they are specifically excluded in the enquiry and
order.

NOTE. It is desirable that there should be a margin between the actual pressure at which the
boiler generates and delivers steam and the lowest pressure at which any of the safety valves
is to be set to lift, to prevent unnecessary lifting of the safety valves.

Economisers separated from boilers by shut-off valves, air pre-heaters,
mechanical stokers, fuel burning equipment, forced or induced draught equip-
ment or other accessories which may be required by the purchaser are extraneous
to this standard and are matters for mutual arrangement between the purchaser
and the manufacturer. Where such accessories are required or contemplated, it
is recommended that all particulars which would affect the boiler(s) should be
disclosed by the purchaser to the manufacturer at the time of the enquiry.

This British Standard does not apply to pressure parts constructed of
materials of qualities different from those specified, and the use of such materials
should be the subject of agreement between the purchaser and the manufacturer.
It is realized that some of the formulae adopted could not be applied to all
conceivable combinations and variations in design which progress might
necessitate. Such conditions may arise through the use of unusual fuels or special
designs, or through the conditions of service which the boiler unit has to meet,
and any of these conditions may justify an increase or decrease in the scantlings
specified. In all such cases the scantlings should be the subject of agreement
between the purchaser and the manufacturer.

t
INFORMATION TO BE SUPPLIED BY THE MANUFACTURER Si( IJ”WWH’U;

2. The manufacturer shall; 1 trchaser and/or the inspecting
authority with fully dimension rawings showing in full detail the
construction of all the Sure parts of the boiler for approval before putting
the work in hand.

INFORMATION TO BE SUPPLIED BY THE PURCHASER

3. The purchaser shall disclose to the manufacturer at the time of the enquiry:
a. The name of the inspecting authority representing the purchaser.

NOTE. The use of the term ‘inspecting authority’ in this standard refers to the person or
company appointed to undertake the work of supervision prescribed in Clause 94.

* B.S. 759, ‘Valves, gauges and other safety fittings for application to land boilers and piping
installations for and in connection with land boilers’.
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b. Any adverse conditions under which the boiler will be required to
operate.

c. Whether any variation is desired from the requirements of this standard.

d. Any special statutory or other regulations with which the boiler is required
to comply.

INTERPRETATION

4. If any ambiguity be found or doubt arise as to the meaning or effect of any
part of this standard or as to whether anything ought to be done or omitted to
be done in order that this standard should be complied with in full, the question
shall be referred to the Land Boilers Technical Committee of the British
Standards Institution whose interpretation of the requirements of this standard
upon the matter at issue shall be given free of charge and shall be final and
conclusive. Parties adopting this standard for the purposes of any contract
shall be deemed to adopt this provision unless by their contract they either
expressly exclude it or else import an arbitration provision in terms extending to
the interpretation of this standard. But this provision is limited to questions of
interpretation and does not confer on the Committee any power or jurisdiction
to adjudicate upon the contractual rights or duties of any person under a contract
except so far as they may necessarily be affected by the interpretation arrived at
by the Committee.

Findings or rulings of the Committee upon matters of interpretation may
be incorporated as ‘ addenda ’ to the standard and if so incorporated shall be
treated as amendments thereto.
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SECTION TWO : MATERIALS

A. PLATES AND RIVET BARS

5. Plates and rivet bars shall comply in all respects with B.S. 1633, “ Steel for
land boilers, receivers and other pressure vessels’. Grades covered by that
standard are listed in Tables 1 and 2.

TABLE 1

MECHANICAL PROPERTIES FOR PLATES AND RIVET BARS
NOTE. The values tabulated below are selected from B.S. 1633.

i
| Minimum elongation on
1
‘ _ I [
o g ! Grade in l Tensile .
Description | B.S. 1633 strength Al‘es_t Plece | Gauge Gauge
| with8in. | oo length
! gauge = -
' | length I of 4\/A of 5'65'\/A
tons/sq.in.| percent | percent | per cent
Plates for drum | Grade C 28-32 20%* 27 23
shells, i.e., Individual plates
wrapper plates | not exceeding
and tube plates | 10 tons in weight
butt straps and | Grade C 28-34 — 26 22
rum ends Individual plates
exceeding 10 tons
in weight
Grade D 30-34 18* 24 21
Individual plates
not exceeding
10 tons in weight
Grade D 30-36 — 23 20
Individual plates
exceeding 10 tons
in weight
Grade E 32-38 | 17+ 22 19
Plates for Grade A 24-28 25% 30 26
flanging drum | Grade B 26-30 23* 29 25
ends or forge | Individual plates
welding not exceeding
10 tons in weight
Grade B 26-32 — 28 24
Individual plates
exceeding 10 tons
in weight
Rivet bars Grade A 24-28 — 31 27
Grade B 26-30 — 30 26

* For plates under 34 in. in thickness the minimum elongation value may be reduced by 3.
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DEFACEMENT OF IDENTIFICATION MARK ON MATERIAL FAILING TEST
6. Should the material fail to pass the prescribed tests, the identification mark
of the inspecting authority which has been stamped on the material shall be
defaced by punch marks extending beyond the identification mark in the form
of a cross, thus showing that the material has failed.

B. PLATES FOR FUSION WELDED BOILER DRUMS
APPLICATION OF SECTION TWO A, AND TENSILE TESTS
7. The requirements of Section Two A, as far as they relate to plates, apply to
steel plates for fusion welded boiler drums, except that the tensile strength and
elongation of the materials shall be between the limits shown in Table 2, and
shall be specified for each component part of the boilers.

TABLE 2
TENSILE STRENGTH AND MINIMUM ELONGATION FOR PLATES
FOR FUSION WELDED DRUMS

! | |

Tensile
strength

Minimum elongatlon on
Test piece ‘ Gauge
Awith8in.  length
gauge of 4/ 4
length

Gauge -
length
of 5:65v 4

per cent
23

Grade in !

Description B.S. 1633

1

per cent
27

tons/sq. in.
28-32

per cent
20%*

\
—
\

Grade C

" Individual plates
| not exceeding |
1 10 tons in weight

| Grade C

l Individual plates
} exceeding 10 tons
i in weight

Grade D
Individual plates
not exceeding

i 10 tons in weight

Grade D
Individual plates
exceeding 10 tons
in weight

Grade E

Grades C, D and
E above, and
Grade B.
Individual plates
not exceeding

10 tons in weight

Grade B
Individual plates
exceeding 10 tons
in weight |

3/g in. in thickness the minimum elongation value may be reduced by 3.

Plates for drum
shells, i.e.,
wrapper plates
and tube plates
26

28-34 22

30-3¢ | 18* 24 21

23 20

30-36

32-38 17* 22 19

Drum ends
stand or branch
pipes and
seatings for
mountings

26-30 23* 29 25

26-32 28 24

* For plates under
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C. SEAMLESS FORGED DRUMS IN CARBON STEEL

MATERIAL

8. The steel shall be made by the open hearth or an electric process, acid or
basic, as may be agreed between the purchaser and the manufacturer (see also
Clauses 62 and 63), and shall show an analysis:

Sulphur 0-050 per cent max.
Phosphorus 0-050 per cent max.

FREEDOM FROM DEFECTS

9. The drums shall be free from surface defects and shall be finished to the
specified dimensions within the limits agreed upon between the purchaser and
the manufacturer.
Defects in forgings shall not be repaired without the previous sanction of the
inspecting authority.
HEAT TREATMENT

10. Each drum shall be efficiently heat-treated:
a. At various stages during manufacture, as required, and
b. On completion of the forging process but prior to the hydraulic test.

MECHANICAL TESTS

11. Material shall pass the mechanical tests hereinafter specified.

Sufficient material shall be left on the open ends of each forging to enable
tangential test pieces to be taken. These shall consist of test pieces for not less
than one tensile test and one bend test from each open end. In the case of drums
with open ends the test material shall not be parted off before heat treatment.
If the drums are closed in at the ends the test rings shall be parted off immediately
before this operation; subsequently the test rings and the forging shall be similarly
and simultaneously heat-treated in the same furnace.

In the case of drums of solid drawn construction having one unpierced blind
end, the tests to be made shall be subject to agreement between the purchaser
and the manufacturer,

a. Selection of test pieces. All test pieces shall be selected by the authorized
inspector (or by the manufacturer’s representative when testing is not required
to be witnessed by the purchaser) and shall be tested in his presence and he shall
satisfy himself that the conditions hereinafter described are fulfilled.

b. Tensile test pieces. The tensile strength and elongation shall be determined
from a British Standard test piece (see B.S. 18%).

* B.S. 18, ‘Tensile testing of metals’.

16
Documents

Document Sharing Hub

Full document details: BS 1113:1958


http://www.avadocuments.com/doc/bs-1113-1958
http://www.avadocuments.com/doc/bs-1113-1958

B.S. 1113 : 1958

c. Tensile test.

tons/sq. in.
Not less than: Not more than:
Tensile strength: 28 32
32 36
34 38

Percentage elongation on a gauge
length of 44/ A4: Not less than 700 divided by the tensile
strength (tons/sq. in.) of the specimen.

Should a tensile test piece break outside the middle half of the test gauge

length (see Fig. 1) the test may, at the manufacturer’s option, be discarded and
another test be made of the same drum.

Middle
r'half

N— _A
~j|’4Gl""'zG "ll'aGr“
Gauge lenqtgj\

G
Fig. 1.

d. Bend test pieces. Bend test pieces shall be of rectangular section 1 in.
wide by % in. thick. The edges shall be rounded to a radius of ¥ie in.

e. Bend tests.! Test pieces shall be bent over the thinner section, when cold,
through an angle_of 180° without fracture, the internal radius of the bend being
not greater than that specified in Table 3.

TABLE 3

INTERNAL RADIUS OF BEND TESTS FOR THE MATERIAL OF
SEAMLESS SOLID FORGED DRUMS

Tensile strength w Inte;;‘la{)le;%dius
| -
tons/sq. in. : in.
|
Up to 32 E %
Above 32 and up to 36 | B
Above 36 and up to 38 %4

Bend tests may be made by pressure or by blows.
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ADDITIONAL TESTS

12. Should either a tensile or a bend test fail, two further tests of the material
which failed may be made on test pieces taken from the same test rings. If the
results obtained from these re-tests are satisfactory, the drum shall be considered
to comply with this standard, provided that in other respects it fulfils the con-
ditions of this section of the standard. If these re-tests do not give satisfactory
results, the drum represented may be re-heat-treated together with the remainder
of the test rings, and presented for further testings.

In all cases where final re-tests do not give satisfactory results, the drum
represented by the test pieces which fail shall be deemed not to comply with
this standard.

D. PRESSURE PART FORGINGS OR SOLID DRAWN HEADERS IN
CARBON STEEL : OTHER THAN SEAMLESS DRUMS

MATERIAL

13. The steel shall be made by the open hearth or an electric process, acid or
basic, as may be agreed between the purchaser and the manufacturer, and shall
show on analysis:

Sulphur 0-050 per cent max.

Phosphorus 0-050 per cent max.

When steels are intended for service at temperature in excess of 700°F this

shall be stated in the enquiry and order (to the steelmaker), and the silicon content
shall then be 0-10 per cent minimum.

FREEDOM FROM DEFECTS

14. The forgings and headers shall be free from defects of any kind and shall be
finished to the specified dimensions within the limits agreed upon between the
purchaser and the manufacturer.

Defects shall not be repaired without the previous sanction of the inspecting
authority.

HEAT TREATMENT

15. Each forging or header shall be efficiently heat-treated unless during the
last stage of manufacture it has been finished at such a temperature as to ensure
that the material will have satisfactory mechanical properties.

MECHANICAL TESTS

16. Sufficient material shall be left on each forging or header to enable tests to
be taken, except where a number of small forgings are required and the expense
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incurred in leaving testing material on each one would be excessive. In the latter
case it shall be optional for the manufacturer to supply, at his own cost,
additional forgings. In the case of 100 or more forgings :

(i) not less than two per cent of the total order, or

(ii) not less than two forgings from each cast.

a. Selection of test pieces. The inspector may select for testing, from the
total made from each cast, such forgings as he may consider necessary from
the quantity specified above.

All test pieces shall be selected by the authorized inspector (or by the
manufacturer’s representative when testing is not required to be witnessed by
the purchaser) and shall be tested in his presence and he shall satisfy himself
that the conditions herein specified are fulfilled.

b. Tensile test pieces. The tensile strength and elongation shall be determined
from a British Standard test piece (see B.S. 18).

c. Tensile test.

tons/sq. in.
Not less than: Not more than:
Tensile strength 24 28
28 32
32 36
34 38

Percentage elongation on a
gauge length of 44/ 4: Not less than 700 divided by the tensile
strength (tons/sq. in.) of the specimen.

Should a tensile test piece break outside the middle half of the test gauge
range (see Fig. 1) the test may, at the manufacturer’s option, be discarded and
another test made.

d. Bend test pieces. Bend test pieces shall be of rectangular cross section
machined to a finished size of 1in. wide by 3 in. thick. Alternatively, in the
case of headers, bend test pieces may be cut transversely 134 T wide by 7 thick,
where T is the thickness of the header. The edges shall be rounded to a radius
of ¥is in. The test pieces shall be bent over the thinner section.

e. Bend tests. Test pieces shall be bent, when cold, through an angle of 180°,
without fracture, the internal radius of the bend being not greater than specified
in Table 4 for the 1 in. wide by 3 in. thick test piece and not more than 14T
for the full thickness test piece.
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TABLE 4
INTERNAL RADIUS OF BEND TESTS FOR THE MATERIAL OF
FORGINGS AND SOLID DRAWN HEADERS OTHER THAN SEAMLESS

DRUMS
. Internal radius
Tensile strength of bend
ton/sq. in. in.
Up to 32 in. Y4
Above 32 and up to 36 %%
Above 36 and up to 38 %

ADDITIONAL TESTS
17. Should either a tensile or a bend test fail, two further tests of the type which
failed may be made on test pieces taken from the same forging or header. If the
results obtained from these re-tests are satisfactory the forgings or headers shall
be accepted, provided that in other respects they fulfil the conditions of this
section of the standard. If these re-tests do not give satisfactory results, the
forgings or headers represented may be re-heat-treated together with the remain-
der of the test samples and presented for further testing.

In all cases where final re-tests do not give satisfactory results, the forgings

or headers represented by the test pieces which fail shall be deemed not to comply
with this standard.

E. PRESSURE PART FORGINGS OR SOLID DRAWN HEADERS IN
ALLOY STEELS : OTHER THAN SEAMLESS DRUMS

Pressure part forgings or solid drawn headers in 25 per cent molybdenum steel

MATERIAL

18. The steel shall be made by the open hearth or electric process, acid or basic,
and shall show on analysis:

Carbon 0-15 per cent to 0-25 per cent.
Silicon 0-10 per cent to 0-35 per cent.
Manganese  0-40 per cent to 0-70 per cent.
Nickel 0-30 per cent max.
Molybdenum 0-45 per cent to 0-65 per cent.
Copper 0-30 per cent max.

Sulphur 0-050 per cent max. (acid).

0-40 per cent max. (basic).
Phosphorus  0-050 per cent (acid).
0-040 per cent (basic).
Tin 0-040 per cent max.
If aluminium be added, the amount shall not exceed 14 1b/ton of molten metal.
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FREEDOM FROM DEFECTS

19. The forgings or headers shall be free from defects of any kind and shall be
finished to the specified dimensions within the limits agreed upon between the
purchaser and the manufacturer.

Defects shall not be repaired without the previous sanction of the inspecting
authority.

HEAT TREATMENT

20. The forgings or headers shall be normalized at a temperature between
900°C and 940°C.

MECHANICAL TESTS

21. Sufficient material shall be left on each forging or header to enable test
pieces to be taken, except where a number of small forgings are required and the
expense incurred in leaving testing material on each one would be excessive.
In the latter case, it shall be optional for the manufacturer to supply, at his own
cost, additional forgings. In the case of 100 or more forgings :

(i) not less than two per cent of the total order, or

(ii) not less than two forgings from each cast.

a. Selection of test pieces. The inspector may select for testing, from the
total made from each cast, such forgings as he may consider necessary from the
quantity specified above.

All test pieces shall be selected by the authorized inspector (or by the manu-
facturer’s representative where testing is not required to be witnessed by the
purchaser) and shall be tested in his presence and he shall satisfy himself that
the conditions herein specified are fulfilled.

b. Tensile test pieces. The tensile strength and elongation shall be determined
from a British Standard test piece (see B.S. 18).

c. Tensile test.

Tensile strength: Not less than 31 tons/sq. in.
Percentage elongation on a Not less than 700 divided by the tensile
gauge length of 44/4: strength (tons/sq. in.) of the specimen.

d. Bend test pieces. Bend test pieces shall be of rectangular cross section
1 in. wide by % in. thick. Alternatively, in the case of headers, bend test pieces
may be cut transversely 134 T wide by T thick, where T is the thickness of the
header. The edges shall be rounded to a radius of »is in. The test pieces shall
be bent over the thinner section.

e. Bend tests. Test pieces shall be bent, when cold, through an angle of
180° without fracture, the internal radius of the bend being not greater than

% in. for the 1 in. wide by 3 in. thick test piece and not more than 134T for
the full thickness test piece.
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ADDITIONAL TESTS

22. Should either a tensile or a bend test piece fail, two further tests of the type
which failed may be made on test pieces taken from the same forging or header.
If the results obtained from these re-tests are satisfactory, the forgings or headers
shall be accepted, provided that in other respects they fulfil the conditions of this
section of the standard. If these re-tests do not give satisfactory results, the
forgings represented may be re-heat-treated together with the remainder of the
test samples and presented for further tests.

In all cases where final re-tests do not give satisfactory results, the forgings
or headers represented by the test pieces which fail shall be deemed not to comply
with this standard.

Pressure part forgings or solid drawn headers in 1 per cent chromium 14 per cent
molybdenum steel

MATERIAL

23. The steel shall be made by the open hearth or electric process, acid or basic,
and shall show on analysis:

" Carbon O 16-per—cent-te-8-26-pertemt. O- | 5 Meve.
m Lf . Silicon 0-10 per cent to 0-35 per cent.

Manganese  0-40 per cent to 0-70 per cent.

Nickel 0-30 per cent max.

Chromium  0-70 per cent to 1-10 per cent.

Molybdenum 0-45 per cent to 0-65 per cent.

Copper 0-30 per cent max.

Sulphur 0-050 per cent max. (acid).
0-040 per cent max. (basic).

Phosphorus  0-050 per cent max. (acid).
0-040 per cent max. (basic).

Tin 0-040 per cent max.

If aluminium be added, the amount shall not exceed 14 Ib/ton of molten
metal.

FREEDOM FROM DEFECTS

24. The forgings or headers shall be free from defects of any kind and shall be
finished to the specified dimensions within the limits agreed upon between the
purchaser and the manufacturer.

Defects shall not be repaired without the previous sanction of the inspecting
authority.

HEAT TREATMENT

25. The forgings or headers shall be normalized at a temperature between
880°C and 920°C and cooled in air out of contact with draught.
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At the option of the makers, the forgings or headers may also be tempered
at a temperature not exceeding 660°C.

MECHANICAL TESTS

26. Sufficient material shall be left on each forging or header to enable test
pieces to be taken, except where a number of small forgings are required and the
expense incurred in leaving testing material on each one would be excessive. In
the latter case, it is optional for the manufacturer to supply, at his own cost,
additional forgings. In the case of 100 or more forgings :

(i) not less than two per cent of the total order, or

(i) not less than two forgings from each cast.

a. Selection of test pieces. The inspector may select for testing, from the
total made from each cast, as many forgings as he may consider necessary from
the quantity specified above.

All test pieces shall be selected by the authorized inspector (or by the manu-
facturer’s representative where testing is not required to be witnessed by the
purchaser) and shall be tested in his presence and he shall satisfy himself that
the conditions herein specified are fulfilled.

b. Tensile test pieces. The tensile strength and elongation shall be determined
from British Standard test piece (see B.S. 18%).

c. Tensile test.

Tensile strength: Not less than 31 tons/sq. in.
Percentage elongation on a Not less than 700 divided by the tensile
gauge length of 4/ A: strength (tons/sq. in.) of the specimen.

d. Bend test pieces. Bend test pieces shall be of rectangular cross section
1 in. wide by % in. thick. Alternatively, in the case of headers, bend test pieces
may be cut transversely 1347 wide by T thick, where T is the thickness of the
header. The edges shall be rounded to a radius of %is in. The test pieces shall
be bent over the thinner section.

e. Bend tests. Test pieces shall be bent, when cold, through an angle of
180° without fracture, the internal radius of the bend being not greater than
% in. for the 1in. wide by % in. thick test piece and not more than 14T for
the full thickness test piece.

ADDITIONAL TESTS

27. Should either a tensile or a bend test piece fail, two further tests of the type
which failed may be made on test pieces taken from the same forging or header.
If the results obtained from these re-tests are satisfactory, the forgings or headers
shall be accepted, provided that in other respects they fulfil the conditions of
this section of the standard. If these re-tests do not give satisfactory results,
* B.S. 18, ‘Tensile testing of metals”.

23
Documents

Document Sharing Hub

Full document details: BS 1113:1958


http://www.avadocuments.com/doc/bs-1113-1958
http://www.avadocuments.com/doc/bs-1113-1958

B.S, 1113 : 1958

the forgings represented may be re-heat-treated together with the remainder of
the test samples and presented for further tests.

In all cases where final re-tests do not give satisfactory results, the forgings
or headers represented by the test pieces which fail shall be deemed not to comply
with this standard.

Pressure part forgings or solid drawn headers in 214 per cent chromium and
1 per cent molybdenum steel

MATERIAL

28. The steel shall be made by the open hearth or electric process, acid or basic,
and shall show on analysis:

Carbon 0-08 per cent to 0-15 per cent.
Silicon 0-50 per cent max.
Manganese  0-40 per cent to 0-70 per cent.
Nickel 0-30 per cent max.

Chromium  2-00 per cent to 2:50 per cent.
Molybdenum 0-90 per cent to 1-20 per cent.
Sulphur 0-040 per cent max.
Phosphorus  0-040 per cent max.

The recommended limits for copper and tin are 0-25 per cent max. and
0-035 per cent max. respectively.

If aluminium be added, the amount shall not exceed 14 Ib/ton of molten
metal.

FREEDOM FROM DEFECTS

29. The forgings or headers shall be free from defects of any kind and shall be
finished to the specified dimensions within the limits agreed upon between the
purchaser and the manufacturer.

Defects shall not be repaired without the previous sanction of the inspecting
authority.

HEAT TREATMENT

30. The forgings or headers shall be either:

a. Annealed at a temperature between 900°C and 960°C; annealed material
may be tempered.

or b. Normalized at a temperature between 900°C and 960°C followed by a
tempering at 650°C to 750°C.

For forgings of heavy section, special consideration of the normalizing
temperature to be used may be necessary.
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MECHANICAL TESTS

31. Sufficient material shall be left on each forging or header to enable test
pieces to be taken, except where a number of small forgings are required and the
expense incurred in leaving test material on each one would be excessive. In the
latter case, it is optional for the manufacturer to supply, at his own cost,
additional forgings. In the case of "100 or more forgings :

(i) not less than two per cent of the total order, or

(ii) not less than two forgings from each cast.

a. Selection of test pieces. The inspector may select for testing, from the
total made from each cast, such forgings as he may consider necessary from
the quantity specified above.

All test pieces shall be selected by the authorized inspector (or by the
manufacturer’s representative when testing is not required to be witnessed by
the purchaser) and shall be tested in his presence and he shall satisfy himself
that the conditions herein specified are fulfilled.

b. Tensile test pieces. The tensile strength and elongation shall be determined
from a British Standard test piece (see B.S. 18%).

c. Tensile test.
Tensile strength: Not less than 27 tons/sq. in. for material
in the annealed condition.
Not less than 31 tons/sq. in. for material.
in the normalized and tempered condition.
Percentage elongation on a  Not less than 700 divided by the tensile
gauge length of 44/ 4: strength (tons/sq. in.) of the specimen.

d. Bend test pieces. Bend test pieces shall be of rectangular cross section 1 in.
wide by % in. thick. Alternatively, in the case of headers, bend test pieces may
be cut transversely 134T wide by T thick, where T is the thickness of the header.
The edges shall be rounded to a radius of ¥is in. The test pieces shall be bent
over the thinner section.

e. Bend tests. Test pieces shall be bent, when cold, through an angle of
180° without fracture, the internal radius of the bend being not greater than
% in. for the 1 in. wide by % in. thick test piece and not more than 1147 for
the full thickness test piece.

ADDITIONAL TESTS {

32. Should either a tensile or a bend test piece fail, two further tests of the type
which failed may be made on test pieces taken from the same forging or header.
If the results obtained from these re-tests are satisfactory, the forgings or
headers shall be accepted, provided that in other respects they fulfil the conditions

B.S. 18, ¢ Tensile testing of metals’.
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of this section of the standard. If these re-tests do not give satisfactory resuits,
the forgings represented may be re-heat-treated together with the remainder of
the test samples and presented for further tests.

In all cases where final re-tests do not give satisfactory results, the forgings
or headers represented by the test pieces which fail shall be deemed not to comply
with this standard.

F. TUBES

33. Tubes shall comply with the appropriate provisions of B.S. 3059, ‘Steel
boiler and superheater tubes’.

NOTE. This new standard supersedes B.S. 494, B.S. 512, B.S. 1652, B.S. 1653, B.S. 1654
and B.S. 1678.

G. PIPES

34. Pipes forming an integral part of the boiler unit shall be seamless or electric
resistance welded and shall comply with B.S. 806, ‘Ferrous pipes and piping
installations for and in connection with land boilers’.

H. STEEL CASTINGS

35. Carbon steel castings for pressure parts shall comply with Grade A of
B.S. 592; in B.S. 3100, ‘Steel castings for general engineering purposes’.

26
Documents

Document Sharing Hub

Full document details: BS 1113:1958


http://www.avadocuments.com/doc/bs-1113-1958
http://www.avadocuments.com/doc/bs-1113-1958

B.S. 1113 : 1958

SECTION THREE : CONSTRUCTION AND WORKMANSHIP
A. DRUMS : GENERAL

DRUM ENDS

36. Each drum end shall be made from one piece of rolled plate. Dishing and
peripheral flanging of end plates shall be carried out by machine. Cold flanging
and sectional flanging shall not be employed. For the purpose of relieving
internal stresses, all plates which have been dished, flanged or locally heated,
shall afterwards be efficiently heat-treated unless during the last stage of manu-
facture they have been uniformly heated throughout.

Care shall be taken to see that the flanges are cylindrical, of good surface,
and free from local irregularities.

Where flats are pressed in drum ends for the attachment of mountings, they
shall be formed with an ample radius at the junction of the flat and curved
surfaces, and shall be free from sharp corners or tool marks; the plate shall not
be unduly thinned.

For riveted construction, drum ends shall be machined to fit closely into
the drum shell, and flogging and/or hammering shall not be used in the fitting
of ends. The caulking edges of all flanged plates shall be machined or flame-cut
by machine (see Clause 41).

ACCESS TO DRUMS

37. At least one manhole shall be provided in each drum to allow access for
thorough cleaning and inspection except that, where the drum is too small to
permit entry, openings sufficiently large and numerous shall be provided for
these purposes.

FRAMES AND DOORS FOR ACCESS OPENINGS

38. Frames and doors for access openings shall be of wrought steel to comply
with Section Two, and shall be of the pressed type; they shall be circular or
elliptical without welds and shall be machined to provide a flat jointing surface
for the door.
NOTE. Where a frame is fitted it should, wherever practicable, be so secured to the inside
of the shell that the minor axis is parallel to the longitudinal axis of the drum (see Clause 80).

All frames shall, before securing, bed closely to the surface to which they
are to be connected.

Frames riveted to drums shells shall be at least double riveted and all
caulking edges shall be machined or flame-cut by machine (see Clause 41).

Frames welded to drum shells shall be fillet welded at the inner and outer
boundaries of the bedded surfaces. Each fillet weld shall extend at least the full
thickness T of the flange of the frame or of the plate compensated, whichever is
the less (see Fig. 2) or an equivalent section of weld attachment shall be provided.
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