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Tuis BriTisH STANDARD, having been approved by the
Mechanical Engineering Industry Standards Committee
was published under the authority of the Executive Board
on 7 Jatuary, 1969.

First published, May 1953
First revision, January 1969

SBN: 580 00419 8

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 con-
cerned, 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.

This standard makes reference to the following British

Standards:

BS 639, Covered electrodes for the manual metal-arc
welding of mild steel and medium-tensile steel.-

BS 1501, Steels for fired and unfired pressure vessels.
Plates.

BS 2600. General recommendations for the radiographic
examination of fusion welded butt joints in steel.

BS 2645, 'Tests for use in the approval of welders.

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

BS 3923. Methods for ultrasonic examination of welds.

. Part 2. Automatic examination of welded seams.

BS 3971. Image quality indicators for radiography and

recommendations for their use,

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 BSI references relate to the work on this standard:
Committee reference MEE/[34/15 Draft for comment 67/9733
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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:

*Associated Offices’ Technical Committee
*Association of Consulting Engineers
Association of Mining Electrical and Mechanical Engineers
*Board of Trade .
British Chemical Plant Manufacturers’ Association
British Compressed Air Society !
British Electrical and Allied Manufacturers’ Association
British Gear Manufacturers® Association .
British Internal Combustion Engine Manufacturers’ Association
*British Mechanical Engineering Confederation
British Pump Manufacturers’ Association’
*British Steel Industry . . .
*Crown Agents for Oversea Governments and Administrations
*Department of Employment and Productivity (H.M, Inspectorate)
*Electricity Council, the Central Electricity Generating Board
and the Area Boards in England and Wales
*Engineering Equipment Users’ Association
*Gas Council
*Institute of Marine Engineers
*Institution of Civil Engineers
*Institution of Gas Engineers . ,
*Institution of Heating and Ventilating Engineers
*Institution of Mechanical Engineers o
Institution of Mechanical Engineers (Automobile Division)
Institution of Production Engineers L .
Locomotive and Allied Manufacturers® Association of Great Britain
London Transport Board =
Machine Tool Trades Association
Ministry of Defence
Ministry of Defence, Army Department
*Ministry of Power
Ministry of Public Building and Works
Ministry of Technology (Aviation) .
Ministry of Technology—National Engineering Laboratory
Ministry of Transport
National Coal Board ..
National Physical Laboratory (Ministry of Technology)
Royal Institute of British Architects

* The Government departments and scientific and industrial
organizations marked with an asterisk in the above list, togetlier
with the following, were directly represented on the committee
entrusted with the preparation of this British Standard:

Association of Shell Boilermakers

Combustion Engineering Agsociation

Institution of Engineers and Shipbuilders in Scotland
Lloyds Register of Shipping

Ministry of Defence, Navy Department

North East Coast Institution of Engineers and Shipbuilders
Water-tube Boilermakers’ Association

Welding Institute

Individual Manufacturers of furnaces,
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'BRITISH STANDARD SfECIFlCATION FOR
CORRUGATED FURNACES FOR
SHELL BOILERS

FOREWORD

This British Standard was first published in 1953 to replace BS 3023, ¢ Corru-
gated furnaces and smoke tubes for marine boilers ’. The present revision has
been undertaken to incorporate such modifications as are entailed by the
adoption of Recommendation No. R......* of the International Organization for
Standardization (ISO), and to bring this standard into line with current practice.

This standard provides for corrugated furnaces subject to external pressure
for both. land and marine boilers and embraces requirements for materials,
construction, de31gn pressures and dimensions of the various types of corrugated
furnaces now in common use.

NOTE. Information concerning SI umts is given in BS 350, ¢ Conversion factors and tables’
and in PD 5686 ¢ The use of SI units .

SPECIFICATION
i. SCOPE

This British Standard specifies requirements for corrugated furnaces for land and
marine shell boilers where the design mean metal temperature does not exceed
350°C. It covers the Fox, Morison, Deighton, and suspension bulb types of
furnaces with various throat designs and connections,.

2. MATERIALS ) ,
Corrugated furnaces shall be manufactured from steel complying with BS 15017.
The plates used shall have a minimum specified tensile strength at room temper-

ature of not less than 400 N/mm?, and be one of the following grades:
151, 161, 211, 213 or 221—Class A or Class B,

‘3. SHAPES AND END CONNECTIONS

Typical shapes of corrugations and end connections of furnaces are shown in
Figs. 2a-e and Figs. 3a—f respectively. Any combination of end attachments
may be used, e.g, flanged at both ends, or flanged at one end and plain at the
other, or plain at both ends. The plain portion of the furnace may also be relative
to either the top or the bottom of the corrugations.

Where it is necessary for the length of the plain portion to exceed 270 mm
the requirements specified in 4.3 shall be taken into account.

* Rivorene : ISO Recommendation for stationary boilers (in course of preparation).
1 BS 1501 ¢ Steels for fired and unﬁred pressure vessels. Plates ’.
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4. DESIGN

4.1 The minimum thickness of a corrugated furnace shall be determined by
equation (1). In no case, however, shall the thickness exceed 22 mm or be less
than 10 mm. (8 mm minimum thickness in the case of a 115 mm pitch Fox
corrugation.)

_pPX
=S5 +C o

where ¢ = minimum thickness of the furnace plate measured at the bottom of
the corrugations, in millimetres.

p = design pressure, in N/mm?
D = outside diameter of the furnace measured at the bottom of the corru-
gations, in millimetres.

Ey== 0-2%, proof stress in N/mm? at the design temperature, but this stress
shall not exceed 183 N/mm? See 4.1.1.

K = a constant as follows:
1°5 for Fox, Morison and Deighton corrugations.
1-4 for suspension bulb corrugations,

C = a corrosion allowance, to be taken as 0-75 mm unless a higher figure
is agreed to take account of adverse conditions.

4.1,1 In the case of Class B plate, the specified minimum yield stress or 029
proof stress shall be taken from the appropriate table in BS 1501*. If Class A
plate is used instead of Cldss B, the heat treatment shall be in accordance with
BS 1501, except that the requirement for normalizing shall apply to all thick-
nesses of plate, and for design purposes the values of the yield stress or 0274
proof stress, Er shall be derived from Table 1.

The minimum design temperature shall be taken as the temperature of the
water contained in the boiler plus 90 degC, subject to the overriding provisions
that it shall be not less than 250°C,

TABLE 1, MINIMUM VALUES OF THE RATIO OF THE YIELD STRESS
OR 02% PROOF STRESS AT ELEVATED TEMPERATURES TO THE
MINIMUM SPECIFIED TENSILE STRENGTH AT ROOM TEMPER-
ATURES OF CLASS A CARBON STEEL BOILER PLATES

Temperatures °C | 250 | 275 | 300 | 325 [ 350

Ratios 040 | 038 | 0:36 | 034 | 0:33

Intermediate values may be interpolated.

* BS 1501, ¢ Steels for fired and unfired pressure vessels. Plates .
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4.2 In addition to meeting the requirements of equation (1), the thickness and
type of corrugation shall be selected so that the second moment of area of one
-complete corrugation about its neutral axis satisfies equation (2) below:

(D3 pL) .
I> 1-03 x 10¢ @
where I. = second moment of area in mm* of one complete corrugatxon about

its neutral axis, excluding corrosion allowance.
Dy, == mean diameter of furnace, in millimetres.
p = design pressure, in N/mm?®. '
L = the pitch of one corrugation in millimetres,
Second moments of area for standard corrugations are given in Appendxx A,

4.3 Where the length of the plain portion of the furnace exceeds 270 mm the
thickness of the plain portion shall be determined in accordance with BS 2799*, -
In such cases the length of the section, in millimetres, shall be the length of section _
between the centre of curvature of the last corrugation and a point of substantial
support.

4.4 Where the last corrugation supports a length of plain furnace tube, the
second moment of area of the one complete corrugation shall be not less than
that required by equation (3). Alternatively, where the secorid moment of area
of the last corrugation is less than that required by equation (3), the deficiency
shall be met either by suitably reducing the length L, or by the addition of a
stiffening ring of sufficiently augmenting second moment of area welded to the
plain furnace tube in reasonably-close proximity to its junction with the corru-
gated tube. Stiffening rings shall be designed in accordance with BS 2790%,

_ (DgPLa) ] @)
-1-33 x 10°
where I = second moment of area in mm?* of one complete corrugatlon about

- its neutral axis. .
D, = outside diameter of plain furnace in millimetres, -
p = design pressure in N/mm?. -
L, = length in millimetres as shown in Fig. 1, in which the dimension L,

shall not be greater than L, the regular pitching of the stiffening
rings on the plain tube,

Second moments of area for standard corrugations are glven in Appendix A.

* BS 2799, * Cylindrical land steam boilers of welded constructxon (other than water-tube
boilers) °.

NOTE. Equations (2) and (3) include the value of Young’s modulus of elasticity which has

been taken as 185 kN/mm?.
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