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PD 1574

Amendment No. 1, published 11 February, 1953

to B.S. 1113: 1951
Water tube boilers and their integral superheaters

Revision
PAGES 74 AND 75 — CLAUSE 93 — HYDRAULIC TESTS.

Page 74, Clause 93. Delete Sub-clause b. ‘Fusion welded drums’, and
substitute the following :—

¢b. Fusion welded drums. On completion of all welding and after
heat treatment the drums shall be subjected to a hydraulic test
pressure of 1-5 P + 50 Ib/sq. in. This pressure shall be maintained
for a sufficient length of time to enable an inspection to be made of all
seams and connections, but in any case for not less than 30 minutes.

The Inspecting Authority may, at its discretion, call for a
thorough hammer test throughout the length of the welds, care
being taken to avoid damage to the surface of the plates.’

Page 75, Clause 93. Delete paragraph (ii) of Sub-clause c. ‘Seamless
forged drums or shells’, and substitute the following :—

‘(i) With drum ends attached by fusion welding, on completion
of all welding and after heat treatment the drums shall be subjected
to a hydraulic test pressure of 1:5 P - 50 Ib/sq. in. This pressure
shall be maintained for a sufficient length of time to enable an
inspection to be made of all seams and connections, but in any case
for not less than 30 minutes.

The Inspecting Authority may, at its discretion, call for a
thorough hammer test throughout the length of the welds, care
being taken to avoid damage to the surface.’
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PD 1813
Amendment No. 2, published 15 February 1954
to B.S. 1113 : 1951

Water tube boilers and their integral superheaters

Revision

Page 22. Clause 38, ¢ Tubes’. Line 1. Delete ‘ or’. Line 2. Insert
‘or B.S. 1678’ between ‘ B.S. 1654, and ‘ as .
Add the following reference at the end of this clause :—
‘B.S. 1678. Cold drawn electrically welded mild steel boiler and
superheater tubes.’

Page 61. Table 11, ¢ Minimum body and flange thicknesses of forged
standpipes . Amend the headings of this table to read as follows :—

Minimum thickness
Design Design Design
Design pressure pressure pressure
pressure above 160 above 260 above 360
Nominal up to and up to and up to and up to
bore of 160 1b/sq. in. and including | and including | and including
standpipe 260 1b/sq. in. 360 1b/sq. in. 600 1b/sq. in.
Flange Flange F(llange Ftliange
adjoin- adjoin- adjoin- adjoin-
ing Body ing Body ing Body ing Body
drum drum drum drum

Page 68. Table 15, ¢ Nominal stresses at working metal temperatures for
tubes’. Columns 3 and 4. Delete ‘ 27-33 tons/sq. in.” and substitute
¢ 25-33 tons/sq. in.” in the heading of each of these columns.

Full document details: BS 1113:1951
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Page 69. Table 17, ¢ Minimum nominal thickness of tubes’. Amend this

table to read as follows :—

Outside diameter of tubes

Nominal thickness

Cold drawn | Hot finished Elmtll‘;g::llly
in. S.W.G. S.W.G. S.W.G.
Up to and including 2 13 10 13
Over 2 up to and including 3 12 10 12
Over 3 up to and including 3% 10 10 10
Over 3% up to and including 4% 9 9 9

General. Delete the phrase ‘ultimate tensile stress’ and substitute
¢ tensile strength * wherever it occurs in this British Standard.

Full document details: BS 1113:1951
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PD 2642
Amendment No. 3, published 12 November, 1956
To B.S. 1113 : 1951
Water tube boilers and their integral superheaters

Revision

Pages 67 and 68. Delete existing Clause 88 and Tables 15 and 16 and
substitute :—
C. TUBES
88. The minimum thickness of tubes shall be determined by the
i following formula. In no case, however, shall the nominal thickness of
. the tubes be less than that given in Table 17 :—
PD

=——_+C Equation 22
2f—|—P+ quati

where

= minimum thickness of tube in inches.

design pressure in pounds per square inch.

outside diameter of tube in inches.

nominal stress in pounds per square inch at working metal
temperature (see Table 15).

= 0-04 for values of P up to and including 1000.

a SgoH4
I

C = ‘-lpgfor values of P greater than 1000.

NOTE. It should be noted that T derived from equation 22 is the minimum
thickness of straight tubes and further provision must be made for minus tolerances
where necessary. It should also be noted that additional thickness may need to be
provided in cases where abnormal corrosion or erosion is expected in service (see
Foreword, paragraph 5).

For tubes absorbing heat the working metal temperature shall be
taken as :(—

a. For economiser tubes, the maximum water temperature for
which the part of the element is designed plus 20°F.

b. For furnace and boiler tubes, the saturation temperature corres-
ponding to pressure P plus 50°F.

c. For convection superheater tubes, the maximum steam tem-
perature for which the part of the element is designed plus 70°F.

d. For radiant superheater tubes, the designed maximum steam
temperature plus 90°F.

For tubes not absorbing heat the working metal temperature shall
be taken as that of the steam or water inside the tube.
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TABLE 15. NOMINAL STRESSES AT WORKING METAL
TEMPERATURES FOR TUBES

Carbon steel tubes

Half per cent Chrome-
Working See * molybdenum molybdenum

metal B See 494 steel tubes steel tubes
temperature BS. 512 See T See 1 See §

B.S. 1654 B.S. 0000 B.S. 1652 B.S. 1653

B.S. 1678

Degrees F Ib/sq. in. Ib/sq. in. Ib/sq. in. Ib/sq. in.
Up to 650 11 200 15 000 15 500 15 500
Up to 700 10 800 14 350 15 500 15 500
Up to 750 10 100 12 950 15 500 15 500
Up to 800 9 000 10 800 14 750 15 250
Up to 850 7 500 7 800 14 000 14 600
Up to 900 6 000 6 000 12 600 13 200
Up to 925 — — 11 200 12 200
Up to 950 — — 9 000 11 200
Upto 975 — —_ 7 000 9250
Up to 1000 — — 5200 7 500
Up to 1025 — —_ — 5800
Up to 1050 — — — 4 500

Intermediate values may be interpolated.

* B.S.
* B.S.
*B.S.
*B.S.

1 B.S.
1 B.S.

§ B.S.

in Clause 38 are under revision.

Full document details: BS 1113:1951

494, ‘ Cold drawn seamless mild steel boiler and superheater tubes ’.

512, * Hot finished seamless mild steel boiler and superheater tubes ’.
1654, ¢ Electrically welded mild steel boiler and superheater tubes .

1678, ‘ Cold drawn electrically welded mild steel boiler and superheater

tubes *.

0000, ¢ Hot finished seamless carbon steel boiler and superheater tubes

(27 tons/sq. in. minimum tensile strength) * (in course of preparation.)

1652, ¢ Seamless half-per-cent molybdenum steel boiler and superheater

tubes’.

1653, ¢ Seamless chromium-molybdenum steel boiler and superheater tubes’.
NOTE. The standards for boiler and superheater tubes mentioned above and also
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B.S. 1113: 1951

THIs BRITISH STANDARD, having been approved by the Mechanical Industry
Standards 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 31st March, 1951.

First published, July, 1943.
First revision, March, 1951.

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, the
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 1700, indexed
and cross-indexed for reference, together with an abstract of each standard,
will be found in the Institution’s Yearbook, price 7s. 6d. post free.

This standard makes reference to the following British Standards :—

B.S. 10. 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. 425. Forms and dimensions of boiler rivets (as manufactured),
% in. to 2 in. diameter.

B.S. 494. Cold drawn weldless steel boiler and superheater tubes for
designed steam temperatures not exceeding 850°F.

B.S. 512. Hot finished weldless steel boiler and superheater tubes for
designed steam temperatures not exceeding 850°F.

B.S. 592. Carbon steel castings for general engineering purposes.

B.S. 639. Covered electrodes for metal arc welding wrought iron and
mild steel.

B.S. 759. Valves, gauges and similar fittings for land boiler installations.

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

B.S. 916. Black bolts and nuts. Hexagon and square, B.S.W. and B.S.F.

B.S. 1271. Proof test for creep quality of carbon steel plate of boiler
plate quality.

B.S. 1652. Half per cent molybdenum steel seamless boiler and super-
heater tubes for design steam temperature not exceeding
950°F. (510°C.).
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B.S. 1653. Chrome-molybdenum steel seamless boiler and superheater
tubes for design steam temperatures not exceeding 1000°F.
(538°C.).

B.S. 1654. Electrically welded mild steel boiler and superheater tubes for
design steam temperatures not exceeding 850°F. (454°C.).

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

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 amend-
ments or edition.

MEE/34
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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 Engincers’ Association
British Internal Combustion Engine Manufacturers’ Association
*British Iron and Steel Federation
*British Railways, The Railway Executive
*Crown Agents for the Colonies
Department of Scientific and Industrial Research
Engineering Equipment Users’ Association
*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 Manufacturers’ Association
Machine Tool Trades’ Association
*Ministry of Fuel and Power
*Ministry of Labour and National Service (Factory Department)
Ministry of Supply
*Ministry of Transport
*Ministry of Works
*Office of the High Commissioner for India
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 committees entrusted with the preparation of this
standard :(—

Association of British Chemical Manufacturers
British Coal Utilization Research Association
British Electricity Authority and Area Boards
British Welding Research Association
Combustion Engineering Association
Individual Manufacturers of Water Tube Boilers
Institute of Fuel

Institute of Welding

Institution of Electrical Engineers

Lloyd’s Register of Shipping

London Transport Executive

Watertube Boilermakers® Association
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BRITISH STANDARD SPECIFICATION FOR
WATER TUBE BOILERS AND THEIR
INTEGRAL SUPERHEATERS

FOREWORD

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

The present edition has been extensively revised. The terms ‘maximum
permissible working pressure * and ‘ safety valve blow-off pressure ’in the
Factories Act, 1937, have been deleted and replaced by the term ° design
pressure.’

Other new provisions to bring the standard into line with present day
practice have been included, notably those for standpipes fabricated, and
secured to the boiler shell, by fusion welding.

The formulae in Section Four of this British Standard apply to boilers
constructed throughout under the conditions prescribed in Section Five
and working under average normal conditions of draught, good feed
water and adequate supervision.

Where working conditions are adverse, e.g. abnormal evaporation,
bad feed water, undue erosion, or exposure to the elements, or where of
necessity maintenance supervision will be inadequate, it is recommended
that the scantlings found by calculation from the formulae given should
be specially considered.

One method of compensation for adverse conditions of the kind may
be to design for a working pressure above that at which it is intended to
operate the boiler, having regard to the probable reduction of life in service
due to the adverse causes.

It has been the general desire to avoid the use of complicated formulae
and this has been made possible by confining consideration to the types
of water tube boilers in general use. 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 and in such
cases the scantlings should be the subject of agreement between the
purchaser and the manufacturer.

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

It is recognized that the design of water tube boilers is the subject
of continuous development, and it is intended to review as necessary the
following standard with a view to the incorporation of such modifications
as are found desirable as a result of progress.
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It should be noted that the materials requirements for plates and rivet
bars are those given in B.S. 1633, * Steel for land boilers, receivers and
other pressure vessels,” but with the addition of a clause relating to the
defacing of material failing to satisfy the tests. For convenience the
relevant clauses are reprinted in Section Two, A, of this British Standard,
and the ranges of mechanical properties appropriate to water tube boilers
have been assembled in Table 1.

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

B.S. 537. Lancashire and Cornish boilers.

B.S. 609. Multitubular horizontal boilers (dryback and waste hear).

B.S. 665. Vertical cross tube boilers.

B.S. 761. Cylindrical vertical multitubular boilers.

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.

SECTION ONE : GENERAL
SCOPE

1. This British Standard applies solely to water tube boiler units including
superheaters and economisers and the other parts connected thereto
without the interposition of a shut-off valve, exclusive of brickwork
setting and insulation. The boiler(s) shall be complete with mountings
constructed in accordance 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
equipment 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 stipulated and the use of such
materials shall 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
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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 shall be the subject of agreement between the purchaser and the
manufacturer.

INFORMATION TO BE SUPPLIED BY THE MANUFACTURER

2. The manufacturer shall, on request, supply the purchaser and/or the
inspecting authority with fully dimensioned sectional drawings showing in
full detail the construction of all the pressure 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 engineer authority representing the
purchaser.

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 Com-
mittee 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

NOTE. The provisions of this section are those given in B.S. 1633, * Steel for land
boilers, receivers, and other pressure vessels,” but with the addition of Clause 18
relating to the defacing of rejected material.

PROCESS OF MANUFACTURE

5. The steel shall be made by the open hearth or electric process, acid or
basic, as may be agreed between the purchaser and manufacturer.

CHEMICAL COMPOSITION

6. The steel shall not contain more than :
Sulphur 0-05 per cent.
Phosphorus 0-05 per cent.

When the material is required for flame-cutting and/or welding, this
shall be stated in the enquiry and order, in which case the carbon content
shall not exceed 0-30 per cent.*

When steels are intended for service at temperatures 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, or alterna-
tively, the material shall pass the ‘ Proof test for creep quality of carbon
steel plate of boiler plate quality > as described in B.S. 1271.

HEAT TREATMENT

7. All plates over 114 in. in thickness and not intended for hot forming
shall be supplied in the normalized condition, unless otherwise specified
in the order. (See also Clause 12a.)

SULPHUR PRINT TEST

8. A sulphur print test shall be taken from the material of each charge
used for rivet bars, for the purpose of ensuring that sulphur segregates are
not concentrated in the core. The stage in manufacture at which this
test is made shall be at the option of the steel manufacturer.

FREEDOM FROM DEFECTS

9. The finished material shall be sound, free from harmful segregation of
impurities and from cracks, surface flaws and laminations. It shall also
have a workmanlike finish and shall not have been hammer dressed,
patched or repaired by welding. This shall not prevent minor corrections
by agreement between purchaser and manufacturer, nor shall it prevent the

* When the material is required for flame-cutting and/or welding, special precautions
will be required when the carbon content exceeds 0-26 per cent.
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removal of slight scale or shell by such means as chisel, file, buff or sand
or shot blast, provided that the material is not thereby reduced below
the specified thickness.

ROLLING MARGIN

10. No plate, section or bar shall be under the specified thickness at any
part, or more than 5 per cent over the calculated weight, except that, in
the case of thin plates and wide plates, the weight tolerance shall be as
set out in Appendix B.

TESTING AND INSPECTION

11. The following tests and inspections shall be made at the place of
manufacture prior to despatch, but in the event of any of the material
proving unsatisfactory in the course of being worked into boilers,
receivers or other pressure vessels, such material shall be rejected not-
withstanding any previous certificate of satisfactory examination or
testing.

MECHANICAL TESTS

12. Plates, and rivet bars shall satisfy the following mechanical tests :—

a. Selection of test pieces. All test pieces shall be selected by the
inspector (or by the steel manufacturer’s representative where testing and
inspection are not carried out by the purchaser). They shall be tested
in his presence and he shall satisfy himself that the conditions of this
British Standard are fulfilled.

The test pieces shall not be annealed or otherwise heat treated, unless
the material from which they are taken is similarly treated, in which case
the test pieces shall be similarly and simultaneously treated with the
material before testing. )

b. Tensile test pieces. The ultimate tensile stress and elongation shall
be determined on British Standard test pieces which, in the case of plates,
shall be taken crosswise from the rolled material. Any straightening of
the test pieces which may be required shall be done cold.

(i) Plates. Wherever practicable, the rolled surface shall be retained
on two opposite sides of the test piece. The ultimate tensile stress, and
percentage elongation on an 8 in. gauge length, shall be determined on
standard test piece A (see Appendix A). For plates over 2 in. in thick-
ness, standard test piece B (machined) may be used.

(i) Rivet bars. Rivet bars may be tested full size as rolled, or
they may be turned down to a convenient size.

If tested at 1 in. diameter or under, standard test piece B (see
Appendix A) shall be used. The sectional area of a machined test
piece shall be not less than 14 sq. in. If the test piece is over 1 in.
in diameter, standard test piece B1 (see Appendix A) may be used.
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c. Tensile test. The ultimate tensile stress and elongation of the
various classes of materials shall be between the limits shown in Table 1.

NOTE. Should a tensile test piece break outside the middle half of its gauge length
(see Fig. 1), the test may, at the manufacturer’s option, be discarded and another test
made on a test piece cut from the same plate, section or bar.

Middle
halt

N— A )
426 G- A

| —

Gauge length
G

Fig. 1. Diagram explaining the term ‘ middle half * of the gauge length

d. Bend test pieces. Test pieces shall be taken lengthwise or crosswise
from plates and lengthwise from rivet bars, and shall, where practicable,
be not less than 134 in. wide. For small sections and bars the whole
section may be used.

The rough edge or arris caused by cutting may be removed by filing,
grinding or machining, but the test pieces shall receive no other pre-
paration.

e. Bend test. The test piece, when cold, shall be doubled over until
the internal radius is equal to one-and-a-half times the thickness of the
test piece and the limbs are parallel, and shall not then fracture.

J- Dump test. Short lengths, equal to twice their diameter, taken from
the selected rivet bars shall, when cold, be compressed to half their length
and shall not then fracture.

NUMBER OF TENSILE, BEND AND DUMP TESTS

13. a. Plates. For shell plates (i.e. wrapper plates and tube plates) and
butt strap plates, one tensile test and one bend test shall be taken from each
end of each plate as rolled. For other plates, such as end plates and flanging
plates, one tensile and one bend test shall be taken from one end of each
plate as rolled.

b. Rivet bars. One tensile test shall be made for each 15, or part of
15, bars rolled of each diameter from the same cast, but not less than
two tensile tests shall be made unless the total number of bars rolled
from the same cast is 8, or less than 8, and the bars are the same section
or diameter, when one test will suffice.

For bars for rivets, one dump test shall be made for each tensile
test. Bend tests are not required.
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TESTS ON MANUFACTURED RIVETS

14. Rivets selected by the inspector from the bulk in such proportion as
may be specified and approved, shall pass the following tests :—

a. Rivet shanks shall be bent cold and hammered until the two parts
of the shank touch in the manner shown in Fig. 2, without fracture on
the outside of the bend.

b. Rivet heads shall comply with B.S. 425, ¢ Forms and dimensions
of boiler rivets > and shall be flattened, while hot, in the manner shown
in Fig. 3, without cracking at the edges. The head shall be flattened
until its diameter is 214 times the diameter of the shank.

U]

Fig. 2. Fig. 3.

RE-TESTS

15. Should any test piece fail to fulfil the test requirements, two further
tests of the same kind may be made, but should either of these fail,
the material represented thereby shall be rejected, or, at the option of
the manufacturer, normalized or annealed, and re-submitted for test.

MARKING

16. All plates shall be legibly marked in two places with the manufacturer’s
name or trade mark and with numbers or other identification marks
by which they can be traced to the cast of steel from which they were
made. A line of white paint shall encircle the numbers or identification
marks. Where a plate is cut into pieces it shall be so stamped that each
piece shall bear the numbers or identification marks.

Rivet bars shall be so marked, or bundled and tabbed, as to enable
the material to be traced to the cast of steel from which it was made.

CERTIFICATES

17. The manufacturer of the material shall supply signed certificates of
test stating the reference number of each plate and rivet bar, the results
of the mechanical tests, the process by which the steel has been manufac-
tured and the chemical analysis of each cast, as required by this standard.
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TABLE 1. MECHANICAL PROPERTIES FOR PLATES AND
RIVET BARS

NOTE. The values tabulated below are selected from the ranges given in Table 1 of
B.S. 1633, as provided for in the footnote to that table.

Minimum elongation Bend
per cent test
Ultimate .
tensile Radius
Description stress o(fT!)end
Test =
A Test Test i
tons/ | piece A | pioce B+ | piece Bl tth(l)(;leSS
sq. in. or B ¢
dia.)
Plates for drum shells (i.e., 28-32 20 — — 15T
wrapper plates and tube
plates) butt straps and drum
ends.
Plates for flanging drum ends | *24-30 23 — — 11T
or forge welding.
\
Rivet bars 24-28 — 25 30 —
!
or
26-30 23 28

* A range of not more than 4 tons/sq. in. shall apply, such range to be specified for
each component part of the boiler.

t Machined in the case of plates.

DEFACEMENT OF IDENTIFICATION MARK ON MATERIAL FAILING TEST

18. Should the material fail to satisfy the prescribed tests, the identifi-
cation 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 denoting that the
material has so failed.

B. PLATES FOR FUSION WELDED BOILER DRUMS
APPLICATION OF SECTION TWO, A, AND TENSILE TESTS

19. The requirements of Section Two, A, of this standard, so far as they
relate to plates, shall apply to steel plates for fusion welded boiler drums,
excepting that the ultimate tensile stress 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.
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TABLE 2. ULTIMATE TENSILE STRESS AND MINIMUM
ELONGATION FOR PLATES, ETC., FOR FUSION
WELDED DRUMS

. Minimum
o Ultimate .
Description tensile stress | e ionBltion
ton/sq. in. per cent
Plates for drum shells (i.e., wrapper 28-32 20
plates and tube plates).
. 2 2
Drum ends, stand or branch pipes and 6(:30 S
seatings for mountings. 0832 20

C. SEAMLESS FORGED DRUMS
PROCESS OF MANUFACTURE

20. Carbon steel for seamless steel drums 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 67 and 68.)

CHEMICAL ANALYSIS

21. The steel shall not contain more than :
Sulphur 0-05 per cent.
Phosphorus 0-05 per cent.

FREEDOM FROM DEFECTS

22. The drums shall be free from surface defects and shall be finished to
the specified dimensions within the limits agreed upon between the pur-
chaser and the manufacturer.

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

HEAT TREATMENT

23. 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.
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MECHANICAL TESTS

24. Material shall satisfy 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 taken 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 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 hereinafter
described are fulfilled.

b. Tensile test pieces. The ultimate tensile stress and elongation shall
be determined from British Standard test pieces (see Appendix A).

¢. Tensile tests. The ultimate tensile stress and minimum elongation
shall be as shown in Table 3.

TABLE 3. ULTIMATE TENSILE STRESS AND MINIMUM
ELONGATION FOR SEAMLESS FORGED DRUMS

Ultimate Minimum

: elongation
tensile stress Test piece C

ton/sq. in. per cent
28-32 ( 25
32-36 ‘ 21
34-38 19

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.

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 %4 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 that specified in Table 4.
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TABLE 4. INTERNAL RADIUS OF BEND TESTS FOR THE
MATERIAL OF SEAMLESS SOLID FORGED DRUMS

Internal
Ultimate tensile stress radius of
bend
ton/sq. in. in.
Up to 32 %
Above 32 and up to 36 b
Above 36 and up to 38 A

Bend tests may be made by pressure or by blows.

ADDITIONAL TESTS

25, 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 accepted, provided that in other respects it fulfils the conditions
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 to have
failed.

D. CARBON STEEL FORGINGS AND SOLID DRAWN HEADERS :
OTHER THAN SEAMLESS DRUMS

PROCESS OF MANUFACTURE

26. Carbon 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.

CHEMICAL ANALYSIS

27. The steel shall not contain more than :

Sulphur 0-05 per cent.
Phosphorus 0-05 per cent.

FREEDOM FROM DEFECTS

28. 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.
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HEAT TREATMENT

29. 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

30. The material of parts subject to internal pressure shall satisfy the
mechanical tests herein specified.

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 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 as follows :—

(i) In the case of 100 or more forgings, 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
up to the extent of the quantity specified above.

Al test pieces shall be selected by the authorized inspector (or by the
manufacturer’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 ultimate tensile stress and elongation shall
be determined from British Standard test pieces (see Appendix A).

c. Tensile tests. The ultimate tensile stress and elongation shall be
between the limits shown below. A range of not more than 4 ton/sq. in.
for each class of material shall apply, and this tensile range shall be
specified.

(i) Ultimate tensile stress 24 to 38 ton/sq. in.

(ii) Elongation 33 per cent to 19 per cent determined on British
Standard test piece C, or subsidiary standard round test pieces (see
Appendix A).

In no case shall the sum of the ultimate tensile stress in ton/sq. in. and
corresponding percentage elongation be less than 57.

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 made.

d. Bend test pieces. Bend test pieces shall be of rectangular cross
section machined to a finished size of 1 in. wide by 3 in. thick. In the case
of headers, bend test pieces may be cut transversely 114 T wide by T thick,
where T is the thickness of the header. The edges shall be rounded to a
radius of Y46 in. The test pieces shall be bent over the thinner section.
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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 5 for the 1 in. wide by % in. thick test piece and not
more than 134 T for the full thickness test piece.

TABLE 5. INTERNAL RADIUS OF BEND TESTS FOR THE
MATERIAL OF FORGINGS AND SOLID DRAWN HEADERS
OTHER THAN SEAMLESS DRUMS.

Internal
Ultimate tensile stress radius of
bend
ton/sq. in. in.
Up to 32 Y4
Above 32 and up to 36 3%
Above 36 and up to 38 %

ADDITIONAL TESTS
31. 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 remainder 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 to have failed.

E. MOLYBDENUM STEEL FORGINGS AND SOLID DRAWN
HEADERS : OTHER THAN SEAMLESS DRUMS.

PROCESS OF MANUFACTURE
32. Molybdenum steel shall be made by the open hearth or an electric
process.
CHEMICAL ANALYSIS
33. The steel shall conform to the following limits of chemical composi-

tion :—
Grade A Grade B
per cent. per cent,
Carbon 0-2 max. 0-2 to 0-27
Manganese  0-8 max. 0-4 tc 0-8
Silicon 0-10 to 0-:35 0-10 to 0-35
Sulphur 0-05 max. 0-05 max.

Phosphorus  0-05 max. 0-05 max.
Molybdenum 0-4 to 0-6 0-45 to 0-65
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FREEDOM FROM DEFECTS

34. 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

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

MECHANICAL TESTS

36. 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 manu-
facturer to supply, at his own cost, additional forgings as follows :—

(i) In the case of 100 or more forgings, 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. All test pieces shall be selected by the author-
ized inspector (or by the manufacturers’ 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 ultimate tensile stress and elongations shall
be determined from British Standard test pieces (see Appendix A).

c. Tensile tests. The ultimate stress shall be 26 ton/sq. in. minimum on
Grade A and 31 ton/sq. in. minimum on Grade B. The minimum elonga-
tion shall be 30 per cent on Grade A and 22 per cent on Grade B
determined on British Standard test piece C, or subsidiary standard round
test pieces (see Appendix A).

d. Bend test pieces. Bend test pieces shall be of rectangular cross
section 1 in. wide by % in. thick. In the case of headers, bend test pieces
may be cut transversely 14 T wide by T thick, where T is the thickness of
the header. The edges shall be rounded to a radius of %4e 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
135 T for the full thickness test piece.

ADDITIONAL TESTS

37. 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
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621618

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 to have failed.

F. TUBES

38. Tubes shall comply with B.S. 494, B.S. 512, B.S. 1652, B.S. 1653, or
-S. 1654)as may be agreed between the manufacturer and the purchaser,
viz. :—

B.S. 494, ‘Cold drawn seamless mild steel boiler and superheater
tubes for design steam temperatures not exceeding 850°F
454°C)”

B.S. 512, ‘Hot finished seamless mild steel boiler and superheater
tubes for design steam temperatures not exceeding 850°F
454°C)”

B.S. 1652, ‘ Half per cent molybdenum steel seamless boiler and
superheater tubes for design steam temperatures not
exceeding 950°F (510°C).’

B.S. 1653, ‘ Chrome-molybdenum steel seamless boiler and super-
heater tubes for design steam temperatures not exceeding
1000°F (538°C).

B.S. 1654, ‘Electrically welded mild steel boiler and superheater
tubes for design steam temperatures not exceeding 850°F

(454°C).’
BS. le1f  san emsll Wol 24

G. PIPES

39. Carbon steel pipes forming an integral part of the boiler unit shall
comply with B.S. 806, ‘ Ferrous pipes and piping installations for and in
connection with land boilers,” for seamless pipes.

H. STEEL CASTINGS

40. Steel castings for pressure parts shall comply with Grade A of
B.S. 592: 1950, ‘ Carbon steel castings for general engineering purposes.’
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SECTION THREE : CONSTRUCTION AND WORKMANSHIP

A. DRUMS : GENERAL
DRUM ENDS

41. 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,
ftanged or locally heated, shall afterwards be efficiently heat-treated unless
during the last stage of manufacture 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 46).

ACCESS TO DRUMS

42. 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

43. Frames and doors for access openings shall be of wrought steel to
comply with Section Two, A, and shall be of the pressed type ; they shall
be 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 drum shells shall be at least double riveted and all
caulking edges shall be machined or flame-cut by machine (see Clause 46).

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 compen-
sated, whichever is the less (see Fig. 4) or an equivalent section of weld
attachment shall be provided.
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Manhole doors shall be of the internal type ; they shall be formed
from steel plate and shall be fitted with two studs, each provided with an
integral collar. Where studs are riveted into the manhole door plate, the
heads shall be in accordance with B.S. 425, ¢ Forms and dimensions of
boiler rivets (as manufactured),” and slots shall be provided in the rivet
holes to prevent turning. Where studs are screwed through the manhole
door plate they shall each be fitted with a nut on the inside of full thickness
in accordance with B.S. 916* except that where the thickness of the door is
not less than the diameter of the stud, the stud may be screwed through the
door and fillet welded on the inside. Where the stud hole does not penetrate
through the door, the length of the screwed portion of the stud in the plate
shall be not less than the diameter of the stud, and a locking plate shall be
provided.

Internal doors for openings not larger than 9 in. by 7 in. in size need be
fitted with only one stud, which may be forged solid with the door. Cross
bars shall be of wrought steel.

The spigot of the door where it is in a central position in the manhole
shall have a clearance of not more than }{¢ in. all round.

All jointing surfaces shall be machined.

SEATINGS FOR MOUNTINGS

44. a. Mountings, including short standpipes for mountings, may be
attached directly to any drum shell, end plate or header where there is a
sufficient thickness of metal to allow a suitable surface to be obtained for
their attachment.

The minimum thickness of the drum shell or drum end at the hole shall
be not less than the thickness required for the design pressure, considering
the shell or end as being unpierced. (See also Clauses 73 and 80.)

Where the mountings or standpipes are secured by studs, the studs
shall have a full-thread holding in the drum shell or end for a length of at
least one diameter. If the stud holes penetrate the whole thickness of the
shell or end, the studs shall be screwed right through and be fitted with a
nut inside of full thickness in accordance with B.S. 916*. Where boits are

*B.S. 916, ¢Black bolts and nuts. Hexagon and square, B.S.W. and B.S.F.’
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used for securing mountings or standpipes, they shall be screwed right
through the plate with their heads inside the drum.

b. In cases where the thickness of the drum shell or drum end is
insufficient for direct attachment, mountings shall be attached to suitable
steel seatings. These seatings may take the form of short stand pipes,
pressed plate saddles or forged pads as may be most convenient and may
be secured to the drum by riveting (see Fig. 16), or alternatively in the
case of standpipes (provided the steel does not contain more than 0-30 per
cent carbon) by one of the following methods :—

() Expanding, belling and seal welding. Where the nominal bore of
the standpipe does not exceed 124 in. the standpipe may be expanded
in a hole with a parallel width of seating not less than 4 in. and after-
wards belled and seal welded internally or externally, provided the
thickness of the standpipe before expanding complies with the
requirements of Clause 81. The amount of internal projection and
belling of the standpipe shall be not less than that required by Clause
69 and Table 8.

(ii) Screwing and seal welding. Where the nominal bore of the stand-
pipe does not exceed 134 in. the standpipe may be screwed and seal
welded internally or externally, as shown in Fig. 34, provided the thick-
ness of the standpipe at the bottom of the complete thread is not less
than that required by Clause 81 for a plain stand pipe. The screwing
shall comply with B.S. 21, ‘Pipe threads. Part I : Basic sizes and
tolerances,” with a taper or vanishing thread.

NOTE. The vanishing portions of the thread shall be not less than three pitches in
length, and the diameter at the root of the thread shall increase uniformly from the
standard root diameter to the diameter at the top of the thread (this may be produced
by suitably grinding the dies). The tapped hole in the drum shall be tapered out to
correspond.

(iii) Welding only. Typical methods of attachment of standpipes by
welding only, showing minimum weld dimensions are illustrated in
Figs. 35 to 41, 47 and 48. The thickness of a standpipe attached by
welding only shall be not less than that required by Clause 81. The
constructions shown in Figs. 35 to 40 may be finished flush inside the
shell if necessary.

When for the constructions shown in Figs. 35 to 40, internal access
to the shell is so restricted as to render impracticable the formation of
the internal groove by machining or chipping the shell, the internal
groove may be formed within the standpipe and the standpipe finished
flush inside. Where the standpipe is secured by welds not penetrating
the full thickness of the shell or end as in Figs. 36, 37, 39 and 40, the
hole drilled in the shell or end for the reception of the standpipe shall
be 14 in. greater in diameter than the outside diameter of the standpipe.

c. Pressed plate saddles. Where pressed plate saddles are employed,
they shall be formed to bed closely to the drum shell or end and be
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machined on the face adjoining the mountings, and on the edges. Where the
studs for the attachment of mountings are screwed through the saddle,
each shall be fitted on the inside with a nut of full thickness in accordance
with B.S. 916*. Where the stud holes do not penetrate through the saddle
the length of the screwed portion of the stud in the plate shall be not less
than the diameter of the stud.

d. Forged pads. Where forged pads are used, the joint faces shall be
machined, The pads shall have sufficient thickness to allow the drilling of
stud holes for mountings without the inner surface being pierced, and the
length of the screwed portion of the stud in the pad shall be not less than
the diameter of the stud.

e. Standpipe flanges. Flanges may be forged solid with the standpipes
or secured in accordance with the constructions shown in Figs. 31 and 32.
Flanges shall be machined on the jointing and bolt bearing surfaces
and on the edges. Flanges in contact with the drum shell or drum end
shall bed closely. For riveted construction the caulking edges shall be
machined or flame-cut by machine (see Clause 46.)

[+ Bolted connections. Bolts and nuts shall be machined where they
come in contact with the flanges of standpipes, and all holes in saddles and
pads shall be drilled.

g. Welding of standpipes and flanges. Not less than two runs of metal
shall be deposited at each weld. Each run of weld metal shall be thoroughly
cleaned and freed from slag before the next run is deposited. Where one
side of a double V weld has been completed, the under surface of the
original run of metal shall be removed by grinding, chipping or machining
to give a clean metallic surface before welding on the other side is commenc-
ed. The final finish of the weld shall be such that the change of section
from drum to standpipe, or from flanges to standpipe, is gradual and free
from sharp notches.

Electrodes shall comply with the requirements of Class A of B.S. 639,
¢ Covered electrodes for metal arc welding, wrought iron and mild steel.’

After completion of welding (except in the case of seal welds) the drum
shall be stress-relieved by heat treatment.

DOUBLING PLATES AND COMPENSATING RINGS

45. Doubling plates and compensating rings shall be of wrought steel
without weld to comply with Section Two, A. Before securing in place
they shall bed closely to the surfaces to which they are to be connected.

For welded construction 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. 4, Clause 43) or an equivalent section of
weld attachment shall be provided.

*B.S. 916, ¢ Black bolts and nuts. Hexagon and square, B.S.W. and B.S.F.”
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B. RIVETED DRUMS

PREPARATION OF PLATES

46. The edges of all plates and butt straps shall be machined or flame-cut
by machine and the caulking edges shall make an angle of approximately
80 degrees with the surface of the plate.

Plates which are to be flame-cut by machine without heat treatment or
subsequent grinding or machining shall not have a higher carbon content
than 0-26 per cent.

Where the carbon content exceeds 0-26 per cent, heat treatment and
grinding or machining shall be carried out.

All plate edges shall have a smooth finish.

CYLINDRICAL SHELLS OF DRUMS

47. a. Each drum shell plate shall be of cylindrical form to the extreme
edges of the plate. The bending shall be done entirely by machine. Local
heating and hammering shall not be employed. Where the plate is bent to
an internal radius of less than 20 times the plate thickness it shall be
efficiently heat-treated after bending to relieve internal stresses unless
during the last stage of bending it has been uniformly heated throughout.

b. Wherever possible the design shall be such that the longitudinal
seams shall be accessible for inspection and shall not be exposed to the
gases of combustion.

BUTT STRAPS

48. Butt straps shall be cut from the shell plates, or alternatively, all butt
straps of similar thickness for each drum shall be cut from one plate.
Straps shall be pressed or bent in rolls to the shell curvature.

The ends of longitudinal butt joints of shell rings shall be welded for
a length not exceeding three times the overlap at the circumferential joint,
provided that the butt straps are run as closely as practicable to the
circumferential joint.

RIVET HOLES

49. Rivet holes shall not be punched, but shall be drilled through the solid
plate. The rivet holes shall be drilled with plates in place and straps and
ends bolted in position. After drilling, the plates shall be separated, the
burrs shall be removed and the surfaces of the plates in contact shall be
cleaned. All tacking holes shall be drilled to a size which will allow the
holes to be enlarged to the required finished size by drilling or reaming.
All rivet holes shall be slightly countersunk under each rivet head.

The diameter of the rivet hole shall be not more than ¥4 in. larger than
the standard diameter of the cold rivet as manufactured (see Clause 50).
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