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BS 1515 : Part 2 : 1968

THis BRITISH STANDARD, having been approved by the Chemical Engineering Industry Standards Com-
mittee and endorsed by the Chairman of the Engineering Divisional Council, was published under the
authority of the General Council on 15 March, 1968.

SBN : 580 00077 X

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 4000, fully indexed and with a note of the contents
of each, will be found in the British Standards Yearbook . The BS Yearbook may be consulted in many
public libraries and similar institutions.

This standard makes reference to the following British Standards:

BS 18.  Methods for tensile testing of metals.

BS 21.  Pipe threads.

BS 131. Methods for notched bar tests.
Part 2. The Charpy V-notch impact test.

BS 350. Conversion factors and tables.

BS 449. The use of structural steel in building.

BS 499. Welding terms and symbols.

BS 709. Methods of testing fusion welded joints and weld metal in steel.

BS 759. Valves, gauges and other safety fittings for application to land boilers and to piping installations
for and in connection with land boilers.

BS 903. Methods of testing vulcanized rubber.
Part A7. Determination of hardness.

BS 970. Wrought steels in the form of bars, billets, and forgings, up to 6 in. ruling section, for auto-
mobile and general engineering purposes. En series.

BS 1113. Water-tube boilers.

BS 1123. Safety valves, gauges and other safety fittings for air receivers and compressed air installations.

BS 1500. Fusion welded pressure vessels for general purposes.
Part 1. Carbon and low alloy steels.

BS 1501-6. Steels for use in the chemical, petroleum and allied industries.

BS 1560. Steel pipe flanged fittings (nominal sizes 14 in to 24 in) for the petroleum industry.

BS 1719. Classification, coding and marking of covered electrodes for metal-arc welding.

BS 1806. Dimensions of toroidal sealing rings (‘ O * seals and their housings).

BS 1966. Domed ends for tanks and pressure vessels.

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

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

BS 2901. Filler rods and wires for inert-gas arc welding.
Part 1. Gas-shielded tungsten-arc welding.
Part 2. Wires for gas-shielded metal-arc welding.

BS 2910. General recommendations for the radiographic examination of fusion welded circumferential
butt joints in steel pipes.

BS 2915. Domed metallic bursting discs and bursting disc assemblies.

BS 2926. Chromium-nickel austenitic steel electrodes for manual metal-arc welding.

BS 3019. General recommendations for manual inert-gas tungsten-arc welding.
Part 2. Austenitic stainless and heat-resisting steels.

BS 3605. Steel pipes and tubes for pressure purposes. Austenitic stainless steel.

BS 3799. Forged steel pipe fittings screwed and socket-welding for the petroleum industry.

BS 3915. Carbon and low alloy steel pressure vessels for primary circuits of nuclear reactors.
CP 3. Code of basic data for the design of buildings. Chapter 5. Loading.

BS 3971. Image quality indicators for radiography and recommendations for their use.

BS ....... * Class I arc welding of austenitic stainless steel pipework for carrying fluids.

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.

* In course of preparation.

The following BSI references relate to the work on this standard:
Committee reference CHE/19, CHE/19/-/1, CHE/19/-/1/5 Draft for comment 65/14241
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CO-OPERATING ORGANIZATIONS

The Chemical 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:

Association of Consulting Engineers (Incor- *Engineering Equipment Users’ Association
porated) Gas Council
*Board of Trade Glass Manufacturers’ Federation
*British Chemical Plant Manufacturers’ Associa- *Institution of Chemical Engineers
tion Institution of Gas Engineers
*Chemical Industries Association Institution of Structural Engineers
Coke Oven Managers’ Association *United Kingdom Atomic Energy Authority

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:.

Alloy Steels Association Food Manufacturers Federation (Inc)
Aluminium Federation Institute of Refrigeration
Associated Offices Technical Committee Institute of Welding
Association of Shell Boilermakers Institution of Mechanical Engineers
British Iron & Steel Federation Lloyds Register of Shipping
British Mechanical Engineering Federation Ministry of Labour (H.M. Factory Inspectorate)
British Welding Research Association Ministry of Technology (NEL)
Copper Development Association Oil Companies Materials Association
Council of British Manufacturers of Petroleum Stainless Steel Development Association
Equipment Stainless Steel Fabricators Association of
Electricity Council, The Central Electricity Great Britain
Generating Board and the Area Boards in Tank & Industrial Plant Association
England and Wales Water-tube Boilermakers’ Association
Engineer Surveyors’ Association Individual manufacturers
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BRITISH STANDARD SPECIFICATION FOR

FUSION WELDED PRESSURE VESSELS

FOR USE IN THE CHEMICAL, PETROLEUM AND ALLIED
INDUSTRIES

Part 2. Austenitic stainless steel

FOREWORD

This British Standard has been prepared under the authority of the Chemical Engineering Industry Standards Committee
in response to many requests from industry. It is similar to BS 1515 Part 1 ‘ Carbon and ferritic alloy steels,” and, while
generally similar design rules are employed, additions have been made to cover vessels for low duty and for vessels subject
to external pressure, jacketed vessels and tube plates. Variations in the sections on manufacture and inspection have also
been introduced to suit the practices adopted when using the materials of construction.

The standard is intended to serve as a guide for agreement between purchaser and manufacturer but does not purport
to indicate the duties for which the welded austenitic chromium nickel steel pressure vessels are suitable. Austenitic chromium
nickel steels generally possess important characteristics such as resistance to atmospheric and chemical corrosion and high
temperature scaling, good stress carrying capacity at elevated temperatures in corrosive environments and good ductility
and freedom from notch brittleness at sub-zero temperatures. The low thermal conductivity of austenitic stainless steels
(c.0-04 c.g.s. units at 100 °C) and the high coefficient of thermal expansion (c 18 x 10~¢°C) may give rise to thermal stress,
and account should be taken of this in design. Information concerning the most suitable grade of material for any specific
duty should be sought from the Stainless Steel Development Association or steel makers.

It has not been possible at this time to give firm design stress values at elevated temperatures for all the materials of
construction but recommended values are given for guidance in Appendix G pending the revision of British Standards for
austenitic steel. When these standards are revised and include elevated temperature properties the design stress factors given
in Section 2 should be applied.

In this standard the word plate has been used to denote plate and sheet. Sheet may be defined as rolled material not
greater than 3 mm or % in thick and plate as rolled material of greater thickness.

In drafting the standard the committee reviewed the method of flange design given in BS 1500 Part 1 and concluded
that this was not suitable for austenitic stainless steel. Investigation revealed that there was experience in this country of
the A.S.M.E. design method and it was therefore decided to include this method.

NOTE 1. Except for 3.11 the equations given throughout the standard are generally suitable for any coherent system of units and the milli-
metre values given in Appendix E are those given in current I.LI.LW. documents. Where metric values are given in parentheses the inch b
values were taken as a basis.

NOTE 2. Ifit is required to convert the values in this standard from one system of units into another it is reccommended the conversion factors
and tables in BS 350 ¢ Conversion factors and tables ’ be used. Attention is drawn to BS 2856 * Precise conversion of inch and metric sizes
on engineering drawings ’.

NOTE 3. Appendix K gives approximate conversions of some units.

SPECIFICATION
1. GENERAL

1.1 SCOPE by the purchaser of the vessel. An inspection department
maintained by the manufacturer does not satisfy this
requirement except in the case of vessels for the manu-
facturer’s own use and not for resale.

Upon satisfactory completion of the vessel the organiza-
tion(s) responsible for design, construction and inspection
are required to certify jointly that the design satisfies the
requirements of this standard and that the vessel has been
so constructed and tested.

This British Standard covers the design, construction,
inspection testing and certification of fusion welded
pressure vessels of austenitic stainless steels utilizing higher
design stresses for operating temperatures up to 400°C.
The term °‘ pressure vessel’ as used in this standard
includes branches up to the point of connection to the
connecting piping by bolting, screwing or welding.

This standard applies only to fusion welded pressure

vessels manufactured under the survey of a competent It is implicit that the vessels covered by this standard
engineering inspection authority or organization. The shall be made only by manufacturers who can satisfy the
intent of this requirement may be regarded as satisfied inspecting authority or organization that they are compe-
where inspection is carried out by competent personnel of tent and suitably equipped to fulfil all the requirements of
a separate engineering inspection department maintained the standard.
5
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This standard does not apply to vessels incorporating
multiple openings in line such as to involve ligament
efficiency as a factor in shell design thickness calculations
(see BS 1113*) or stayed vessels other than jacketed vessels.
This standard also does not apply to vessels with a shell
thickness exceeding %40 of the internal diameter.

Vessels for the transport of liquids and gases and for
nuclear applications may be subject to special regulations.

Where the words ‘purchaser’ and ‘manufacturer’
occur in the text they include representatives of the pur-
chaser and manufacturer and of the appointed inspecting
authority or organization.

When a vessel may be subjected to frequent variations
in pressure or temperature the effect of fatigue may require
consideration (see 3.1.4.2. and Appendix B).

1.2 INFORMATION TO BE SUPPLIED BY THE
PURCHASER AND THE MANUFACTURER

1.2.1 Information to be supplied by the purchaser. The
purchaser shall inform the manufacturer at the time of
the enquiry of the following:

(1) Design pressure(s), temperature(s) and loadings and
the materials of construction.

(2) The name of the inspecting authority representing
the purchaser.

(3) Whether radiographic or other non-destructive
examination is to be made of the entire length of the main
seams.

NOTE. In this standard a higher weld joint factor is permitted for
design when this requirement is met. See 3.1.3 and 5.2.

(4) Whether production control tests are required
(see 5.3).

(5) Any special or adverse conditions under which the
vessel will be required to operate.

(6) Whether any addition is required to the require-
ments of this standard.

(7) Any special statutory or other regulations with
which the vessel is required to comply.

(8) Surface finish requirements.
1.2.2 Information to be supplied by the manufacturer. The

manufacturer shall, on request, supply the purchaser or
the inspecting authority (or both) with:

* BS 1113, ¢ Water-tube boilers’.

6
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(1) Fully dimensioned sectional drawings showing in
full detail the construction of the vessel and material for
each part.

(2) Details of the methods chosen by the manufacturer
(where alternative methods are permitted by this standard)
for approval before putting the work in hand.

1.3 DEFINITIONS

For the purposes of this British Standard the following
definitions apply:

(1) Pressure vessel. A vessel subjected to internal or
external pressure as indicated in Fig. 1*.

(2) Design pressure. The maximum safe working
pressure of the vessel, or part of the vessel, as appropriate,
at the relevant design temperature. It is the pressure to be
inserted in the design formulae, unless otherwise specified,
to determine the scantlings of the respective parts of the
vessel.

(3) Design temperature. The temperature used in
design based on the actual metal temperature expected
under the operating conditions for the part concerned.

(4) Design stress. The stress to be used in the formulae
of Section 3 determined in accordance with 2.2.

It is recognized that vessels designed and fabricated in
accordance with this standard will contain regions at which
the localized and secondary stresses are appreciably higher
than those tabulated in this standard. In so far as it is
practicable, design rules for details have been formulated
to hold such stresses at safe levels consistent withexperience.

(5) Weld joint factor. The arbitrary ratio of the per-
missible stress in the welded seam to that in the plates
welded, expressed as a decimal.

(6) Post welding heat treatment (stress relief). The heat
treatment of a vessel in accordance with the requirements
of 4.5.

(7) Fusion welding. See BS 499t for definitions of
welding processes and types of joints.

(8) Welded seams. The main longitudinal and cir-
cumferential connections in the shell of a vessel.

(9) Welded joints. All welded connections other than
welded seams.

* Although the scantlings of many vessels subject only to pressure
or vacua below the limits indicated in Figs. 1a and b will be
determined by questions of stability and the need for adequate
structural rigidity it should not be assumed that the scantlings so
determined will be adequate in all cases to withstand the loading
due to pressure or vacuum. The design of such structures is outside
the scope of this standard.

+ B.S. 499, © Welding terms and symbols’.
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2. MATERIALS AND DESIGN STRESSES

2.1 MATERIALS

All materials used in the manufacture of pressure parts of
pressure vessels constructed in accordance with this
standard shall, except as provided below, be in accordance
with the appropriate specifications listed in Table 1.

Nothing in the foregoing shall preclude the use of
otherwise suitable material where so agreed by the pur-
chaser, manufacturer and inspecting authority. It is
recommended that, in such cases, particular attention be
given to the weldability and ductility of the material
proposed.

No such material shall have an elongation on a gauge
length of 5-654/S, less than 169, for plates, 159, for
castings and 14 % for tubes, pipes and forgings, for test
pieces obtained, prepared and tested in accordance with
BS 18*.

Materials used for supporting lugs, skirts, baffles and
similar non-pressure parts welded to vessels shall be of

* BS 18, ¢ Methods for tensile testing of metals ’.

weldable quality and suitable in other respects for the
intended service, and shall be identified by suitable
documentation (see 3.14).

In order to increase the proof stress of austenitic
stainless steels without impairing their other mechanical,
physical and corrosion-resistant properties, two techniques
have recently been developed, namely ‘warm-working’
on the one hand, and additions of nitrogen on the other.

¢ Warm-working ’ is the name given to the process
whereby the hot rolling of standard austenitic stainless
steels is finished at rather lower temperatures than usual,
and the material is then given a stress relieving anneal at
850°C. Additions of nitrogen are made to material which is
otherwise subjected to normal processing procedures.

Both these techniques result in considerable increases
in proof stress, which is of advantage in pressure vessel
design. These high proof materialsare not yet standardized,
and further information about them should be sought from
the manufacturers.

TABLE 1. PERMISSIBLE MATERIALS

Material Parent specification*

Ty;e- N - N(;rader | Vl;lrartes Forgings Castings Bars V Pipes Tubes
18/10 Cr Ni low carbon 801C BS 1501 BS 3605§
18/10 Cr Ni 801B BS 1501 BS 1503 BS 1504 BS 1506 BS 3605§
18/9 Cr Ni titanium stabilized 821Ti BS 1503 |
18/9 Cr Ni niobium stabilized 821Nb BS 1501 i BS 1503 BS 1504 BS 1506
18/8 Cr Ni titanium stabilized 821Ti BS 1501 E BS 1503 i BS 1506
19/11/3% Cr Ni Mo 846 BS 1501 BS 1503 BS 1504 BS 3605 §
17/10/2%4 Cr Ni Mo titanium ! [
stabilized 845Ti BS 1501 BS 1503 : BS 3605 § "
17/10/214 Cr Ni Mo niobium ; I !
stabilized 845Nb : BS 1504 ‘
17/10/2%4 Cr Ni Mo 845B BS 1501 BS 1503 BS 1504 BS 1506 BS 36051§ i
18/10 Cr Ni titanium stabilized 832Ti ! BS 3605§ BS 3059%

i
18/12 Cr Ni niobium stabilized 832Nb BS 36058 BS 3059t
* See page 2 for titles of British Standards referred to.
t A low carbon version is also available.
1 Conforms to proposed revision of BS 3059.
§ Test category to be specified.
8
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2.2 DESIGN STRESSES

2.2.1 Design stress values. Design stress values to be used
in conjunction with the formulae given in this standard
shall be determined by dividing the appropriate properties
of the material by the factors given in Table 2. The least
value of design stress obtained by considering each criterion
separately shall apply.

2.2.2 Shear stresses. The maximum permissible nominal
shear stress (where present alone) shall not exceed 50%;
of the value derived in accordance with 2.2.1.

2.2.3 Bearing stresses. The maximum permissible nominal
bearing stress shall not exceed 15 times the stress derived
in accordance with 2.2.1.

2.2.4 Castings. In the case of castings, the above factors
shall be divided by a quality factor of 0-75 except where
inspection additional to that specified in BS 1504 and as
detailed below is applied, when the above factors shall be
divided by 0-90.

BS 1515 : Part 2 : 1968

(1) Each casting shall be radiographically examined at
all critical locations and found free from harmful defects,
or the castings shall be full machined to such an extent that
all critical sections are exposed for the full thickness as in
the case of tube plates with holes spaced not further apart
than the thickness of the casting.

(2) All castings shall be examined at all critical
locations using a penetrant fluid procedure, or by grinding
or machining and etching.

(3) Castings found to be defective shall be rejected or
repaired to the satisfaction of the inspecting authority.
If repairs by welding are carried out the castings shall be
subsequently heat-treated as agreed between the steel-
maker and the inspecting authority. Repaired areas of
castings shall be re-examined in accordance with (1) above
and shall be shown to be free from harmful defects.

(4) Castings to which a quality factor of 0-90 is assigned
shall be clearly and permanently marked with a suitable
identification symbol after being examined as above and
found satisfactory.

TABLE 2. DESIGN STRESS FACTORS

1 2 3 4 5 6
Factor for
. Average stress
. Certified or Average stress
Specified Specified specified to produce ttotgfoduce
minimum l.!l;l‘;lml.lm minimum rupture in (l?a. c:-e:g/
tensile strength Yield stress 19 proof stress 100 000 h strain of 17,
at room (or 19 proof stress) ®at design at design in 100 000 h
temperature te:: p: ‘;::Er e temperature temperature teﬁ:e?;ég:r e
(Note 1) (Note 2) (Note 2)
Design tcmperature§ up to and
including 50°C 2:5 (Note 3) 15
. As altered
Design temperatures over 50°C 25 (Note 3) 15 1-35 15 1-0 April 1969
NOTE 1. It is recommended that certified and specified minimum NOTE 3. This factor is not normally effective. It has been included
1% proof stress values should be related to the standard test to provide for the possibility of using high proof stress stainless
temperature (as indicated in the appropriate material specification) steels for the manufacture of vessels constructed in accordance with
nearest to the required design temperature. Values appropriate to this standard. When sufficient experience of the use of such material
the actual design temperature may be obtained by interpolation. has been gained this factor will be reviewed.
) ) ) NOTE 4. Pending the inclusion of appropriate minimum values of
NOTE 2. Pending the inclusion of authoritative creep rupture and 1% proof stress in BS 1501, 1503, 1504 and 1506, permissible design
creep strain stress values in the relevant material specifications, the stress values for use with thematerial listed in Table 1 are given in
values for these properties shall be a matter for agreement between Table 24 Appendix G.
the purchaser and the manufacturer.
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3. DESIGN

3.1 GENERAL

Every pressure vessel shall be protected by means of a
pressure relieving device (see Appendix D)*. Vessels
covered by this standard shall be designed for the most
severe condition of co-incident design pressure and design
temperature expected in normal operation for the part
considered.

Where vessels are subjected to elevated or reduced
temperatures or thermal cycling, provision shall be made
in the design to permit expansion or contraction to avoid
excessive thermal stresses (see Appendix A).

Where alternate heating and cooling occurs reference
should be made to Appendix B.

3.1.1 Design thickness. In the clauses that follow, methods
are given for calculating the thicknesses required for the
various parts of a pressure vessel.

3.1.2 Design pressure. The normal operating pressure is
determined by the technical requirements of the process
to be used.

The design pressure is usually in excess of this to avoid
unnecessary blowing of safety devices (see Appendix D).

Where the maximum pressure is limited by means of
pressure-relieving devices it is recommended that there
should be sufficient margin between the design pressure
and the normal operating pressure to avoid frequent
blowing of the safety device.

Where, by reason of the process, a rapid rise in pressure
can occur which cannot be controlled by the normal
protective devices, special consideration shall be given to
this feature in the design.

Vessels subject to vacuum should be designed for the
maximum differential pressure to which the vessel may be
subjected in service. Except in those cases where a vacuum
break valve or a hydraulic seal is provided, it is recom-
mended that such vessels be designed for a full negative
pressure of 14-7 1bf/in® (1 kgf/cm?) or for the greatest
differential pressure which can occur.

3.1.3 Joint factors. The weld joint factors to be used for
design purposes shall be as follows (see.5.2):

100 %; radiographed Spot radiographed Not radiographed

1-00 0-85 0-75

Vessels 316 in (5 mm) and thicker shall be subjected
either to spot radiography or 100){ radiography (see
5.2.1.2). The shell or ends of vessels incorporating any form
of lap or fillet welded construction shall only be used for
vessels less than 346 in (5 mm) thick and in such cases the
factor used in computing the thickness shall not exceed 0-6.
Single fillet or lap welds shall not be used.

* Attention is drawn to the requirements of Regulation 5 of the
Chemical Works Regulations (S.R. and O. 1922 No. 731) as follows:

Every still and every closed vessel in which gas is evolved or into
which gas is passed and in which the pressure is likely to rise to a
dangerous degree, shall have attached to it and maintained in
proper condition, a proper safety valve or other equally efficient
means to relieve the pressure. Nothing in this Regulation shall apply
to metal bottles or cylinders used for the transport of compressed
gases.
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3.1.4 Loadings

3.1.4.1 In the design of a vessel the following loadings shall
be included where relevant (see also 3.4.2.4.).

(1) Design pressure

(2) Maximum static head of contained fluid under
normal operating conditions.

(3) a. The weight of vessel and normal contents, or

b. the weight of the vessel and maximum content of
water specified for the pressure test. ’

(4) Wind loading in combination with other loading
(see 3.4).

3.1.4.2 Special consideration may require to be given to
the effect of the following:

(1) Local stresses due to supporting lugs, ring girders,
saddles, internal structures or connecting piping (see
Appendix A).

(2) Shock loads due to water hammer or surging of
vessel contents.

(3) Bending moments caused by eccentricity of the
centre of working pressure relative to the neutral axis of
the vessel.

(4) Forces due to temperature differences, including
the effects of differential expansion.

(5) Forces caused by the method of supporting the
vessel during transit or erection.

(6) Fluctuating pressure and temperature (see
Appendix B).

Formal analysis of the effect of the above influences is
onlyrequired in cases where it is not possible to demonstrate
the adequacy of the proposed design, e.g. by comparison
with the behaviour of comparable vessels.

14°(slope 1:4)max.

| L F
T s
! - |

—= ~+—Parallel iength
a.
Taper may be inside vessel or outside

14%(slope 1:4)max:
D LG
==X\

-=——Parallel length

b.
Internal and external offsets need not be symmetrically disposed

Fig 2. Butt welds in plates of unequal thickness
(See Appendix E.10 for weld preparations)
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3.1.5 Butt welds between plates of unequal thickness.
Where plates of different thicknesses are joined by means
of butt welding a tapered transition shall be provided as
shown in Figs. 2 and 16. The weld may be partly or wholly
within the tapered section or separated from it by a short
parallel section.

3.2 CORROSION, EROSION AND PROTECTION

3.2.1 General. Stainless steels owe their corrosion resistance
principally to a thin inert oxide film which is usually
self-healing. If this film is dissolved or penetrated the
underlying metal may be attacked. Because of the com-
plexity of the subject it would be impossible to tabulate
in a document of this kind the suitability or otherwise of
the stainless steels covered against the various environ-
ments with which they may come into contact. Such data
have been published by the steel suppliers whose advice
should be sought in all cases of doubt.

3.2.2 Additional thickness to allow for corrosion. Corrosion
allowances are seldom appropriate for stainless steel, but
in some isolated instances they may be necessary. In cases
where corrosion may occur, additional metal thickness
over and above that required for the design condition shall
be provided, at least equal to the expected corrosion loss
during the desired life of the vessel.

Designers should give careful consideration to the effect

which corrosion may have upon the useful life of the
vessel. When in doubt, corrosion tests should be under-
taken by a competent person.

Stress corrosion cracking and intergranular corrosion
of stainless steels may occur under certain conditions of
temperature and environment and cannot be catered for
by increasing thickness. In general, contact with other
metals is without danger of bi-metallic corrosion of
stainless steel but the effect on the other metals should be
considered. Crevices should be avoided in design as they
may lead to differential aeration and severe local attack.

High temperature oxidation producing scaling will
not normally occur at temperatures covered by this
standard.

Consideration should be given to the suitability of the
materials for the environment to which each surface will
be exposed.

3.2.3 Wear plates. Where severe conditions of erosion and
abrasion arise local protective or ‘ wear’ plates, of an
easily renewable type, should be fitted directly in the path
of the impinging material.

3.3 WELDED SEAMS

The procedure described in Section 4 shall be used to
determine the forms of weld preparations for welded
seams on vessels covered by this standard. For guidance,
typical weld preparations are indicated in Appendix E.10.
They are not mandatory and other preparations may be
used provided always that they are shown by the procedure
described in Section 4 to produce satisfactory results.
Weld procedures requiring removal of second side metal
before welding that side may be arranged so that first side
welding is carried out from either the inside or the outside
of the vessel.

3.4 CYLINDRICAL AND SPHERICAL SHELLS

3.4.1 General The thickness shall be not less than that
calculated by the following formulae and shall be increased
if necessary to meet the requirements given in 3.1 and 3.2.

BS 1515 : Part 2 : 1968

The formulae in this section apply to vessels having a
D,/ D; ratio not exceeding 1.2.

For supports and stiffeners, see 3.14.

Where a shell is drilled with multiple holes the ligament
efficiency shall be determined in accordance with BS 1113*.

3.4.2 Shells subject to internal pressure

3.4.2.1 Symbols. The following symbols and values are
used in the design of cylindrical and spherical vessels
subject to internal pressure:

t = minimum calculated thickness of shell plate.
p = design pressure.

D; = inside diameter of shell.

D, = outside diameter of shell.

f = design stress from 2.2.

J = joint factor as shown in 3.1.3.

E

= modulus of elasticity of the material at the
operating temperature from Table 3.

3.4.2.2 Cylindrical shells. The thickness of shells shall be
determined by equation (1) or (2):

_ pD;

! C2T—p o
_ pD,

'_2fJ+p @

3.4.2.3 Spherical skells. The thickness of shells shall be
determined by equation (3) or (4).

_ le

vy gy @
_ pD,

AT+ “)

3.4.2.4 Cylindrical vessels under combined loadings. Under
no circumstances shall the shell thickness be less than that
given by equation (1) or ).

Where the shell is subjected to loadings additional to
those due to internal pressure, the basis of design shall be
that the stress equivalent to the membrane stresses shall
nowhere exceed the design stress. (For the treatment of
local stresses in the neighbourhood of the points of applica-
tion of the additional loads see Appendix A.)

The equations given below apply to the case where the
cylinder is subjected to loads producing a direct longi-
tudinal stress (e.g. from its own weight in the case of a
vertical vessel) a longitudinal bending moment (e.g. from
wind or piping loads or, in the case of a horizontal vessel,
the weight of the vessel and contents) and a torque about
the longitudinal axis (e.g. from offset piping and wind
loads).

The following notation is adopted:

f = design stress.

fa = design stress at 20°C.

p = pressure (design or test as appropriate). This is

positive for internal pressure and negative for
external pressure.

t = shell thickness.
t, = actual shell thickness at time of test.
D,, D,= internal, external diameters of shell.

* BS 1113, < Water-tube boilers °.
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E = modulus of elasticity.

M = longitudinal bending moment.
T = torque about vessel axis.

W = (vertical vessel only)

(1) for points above plane of support:
weight of vessel, fittings, attachments and
fluid supported above point considered, the
sum to be given a negative sign in equation

%).

(2) for points below plane of support:
weight of vessel fittings and attachments
below point considered, plus weight of fluid
contents, the sum to be given a positive sign
in equation (5).

o, = equivalent stress (shear strain energy basis).
o, = longitudinal stress.

gy = hoop stress.

T = shearing stress.
Then
T M
- Di2 + W Zi: 4”‘
Oz :41)———% ©)
wt(D; + 1)
D; +t
o4 ZBST? (6)
2T %)

“atD(D; + 1)

The stress equivalent to the membrane stress on the
shear strain energy criterion is given by equation (8).

o, = [0g* — 040, + 0 + 37} (3)

The requirements are that at design conditions

o Zf, (9a)
a, (tensile) = f (9b)
o, (compressive) £ 15 times the nominal
design stress obtained from table 4, taking 4 = 24_300 ’ 9c)
o
and at test conditions (see 5.5.2.1)
o < 1'3f, (d)
o, (tensile) = 1-3f, (9e)

o, (compressive) < 1:875 times the nominal

design stress obtained from table 4, taking 4 = ?4300t ©nN
o

In all cases each of the signs before the term 4M/D;
in equation (5) should be considered. Note the instructions
in the table of notation regarding the sign of W and p.

Values of ¢,, 09 and 7 should be determined for each
combination of loading during operation and test. The
equations cannot be reduced to a convenient explicit
expression for the calculation of f and solution must be
by trial and error.
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3.4.3 Shells subject to external pressure

3.4.3.1 Symbols

4 = a non-dimensional factor*.

t = minimum thickness of cylindrical or spherical
shell.

p = design external pressure.

D, = outside diameter of cylindrical or spherical
shell. ,

D, = diameter of the neutral axis of the stiffener.

R, = external radius of spherical vessel.

L = effective length of cylindrical shell (see Figs. 4
to 8).

[ = nominal design stress from Table 4.

E = modulus of elasticity of the material at the

temperature under consideration.
I = moment of inertia of stiffening rings.

3.4.3.2 Cylindrical shells. The minimum thickness of a
cylindrical shell under external pressure shall be not less
than that determined by the following procedure using the
graph in Fig. 3.

Assume a value for the minimum thickness ¢ and deter-

. . D .
mine the ratios —é‘—and 7"— Enter the chart, Fig. 3, at the
o

vertical scale equal to L/D, and move horizontally to the

sloping line representing the value of D,/z.
Project downwards and read off the value of factor 4
on the horizontal scale. Enter Table 4 with the value of 4,
read off the design stress corresponding to the design
temperature and enter this stress in the expression
Yt
D

o

If the value of p so obtained is less than the design value,
the chosen value of ¢+ must be increased and the chart

. D .
re-entered with a new value of t—" such that the required

design pressure is obtained.

3.4.3.3 Spherical shells. The minimum thickness of a
spherical shell under external pressure shall be not less
than that determined by the following procedure:

Calculate the factor 4 from

A 12 0007
RO

Enter Table 4 with this value of 4, read off the design

stress corresponding to the design temperature and enter

2ft

this stress in the expression p = = If the value of p so
o

obtained is less than the design value, the chosen value of
t must be increased and the procedure repeated until the
required design pressure is obtained.

FF o
* 4 = B 10
where F = factor of safety (mominally 3-0 based on elastic or
plastic collapse).
/= nominal membrane stress.
E: = tangent modulus of elasticity at the temperature under
consideration and at a stress equal to f-F.
Reference Sturm, R. S. © A study of the collapsing pressure of
thin walled cylinders ’. Eng. Exp. Station Bull. No. 329
University of [llinois, U.S.A. 1941.
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3.4.3.4 Cylindrical shells with stiffening rings subject to
external pressure

3.4.3.4.1 Intermediate stiffening rings composed of struc-
tural shapes welded continuously to the inside or outside
of the shell shall be such that together with a permissible
length of shell on each side of the stiffener (see Fig. 9)
the moment of inertia / of the combined section is not less
than:

. 2
_ 018 DEPLDS (10)

The permissible length of shell (L;) which may be
regarded as effectively contributing to the moment of
inertia of the stiffening section shall be calculated as
follows:

I

L, = 075v/D, (1n
but in no case shall L, be taken greater than L.

3.4.3.4.2 Stiffening rings not welded to the shell but fitted
inside the vessel in close coutact with the shell and provided
with adequate lateral support shall have a moment of
inertia I not less than that required by equation (10). In
this case no support by the shell plate shall be taken into
account.

BS 1515 : Part 2 : 1968

3.4.3.4.3 Stiffening rings shall extend completely around
the circumference of the shell and any joints shall be so
designed as to develop the full stiffness of the ring.

3.4.3.4.4 Stiffening rings arranged with local spaces
between the shell and ring, as shown in Fig. 9, shall be
the subject of special consideration, but in no case shall
the length of unsupported shell plate exceed the value
given in Fig. 10.

TABLE 3. VALUES OF E FOR MATERIALS

Temperature E

°C Ibf/in? x 10¢ | Kgf/mm? x 10°

0 276 0-194

20 27-4 0-192

150 26-8 0-188

200 264 0-186

300 256 0-180

400 24-5 0-172

Intermediate values may be obtained by interpolation.
The above values are suitable for design purposes.
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Fig. 3. Chart for determining the design of cylindrical vessels under external pressure
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Figs. 4-8. Effective length of cylinders subject to external pressure
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Fig. 9. Stiffening rings for cylindrical vessels subject to external pressure
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TABLE 4. NOMINAL DESIGN STRESS VALUES Ibf/in? FOR
VESSELS SUBJECT TO EXTERNAL PRESSURE

Design stress 1bf/in? for values of 4 (see Fig. 3)

Material* Temgecrature
Uptoand | 39 50 60 | 100 | 150 | 200 | 300 | 500 | 1000 3000 | 10000
BS 1501-801 C Up to and
inc. 50 934 934 934 (5000|5750 6300|6650 73508000 |8750| 9700
As alieres 100 914 914 |4300 [4100|4850 5300|5600 |6000 6500|7250 8550
150 894 894 3650 3750141504450 (4650|5000 (5450|6150 7500
200 874 874 | 3300 3400|3700 | 3950 | 4150 14400 4850|5400 | 6700
250 854 854 | 3100 3150 (3400|3600 |3750 4050|4450 |5000| 6000
300 834 834 | 2850 2950|3200 {3400 | 3550 ({3800 (4100|4650 | 5550
350 814 2450 2650 2750 | 3000 ‘3200 3350|3550 (3850|4350 | 5150
400 794 2250 2450 2500|2750 12950 {3050 ;3300 ;3600|4100 | 4850
BS 1501-821 Ti Up to and
Nb inc. 50 934 934 934 5600 | 6 500 | 7400 | 7850 | 8400 | 9000 | 9 350 | 10000 | 10 700
845 B 100 914 914 914 5450 [ 6200 | 7000 | 7450 | 8050 | 8650 | 9050 | 9750 |10 500
845 Ti 150 894 894 894 52505950 (6700 | 7100|7700 {8350 8750 9500 !10 300
200 874 874 874 5050|5750 {6400 | 6800 | 7400 | 8000 | 8450 | 9200 | 10 000
250 854 854 844 4900 {5550 {6250 {6600 |7200|7750|8150| 8900 | 9700
300 834 834 834 [4750|5450 (610016450 |7000|7500|7850| 8550 | 9250
350 814 814 814 4550|5350 |5900|6250 (6750 | 7300|7600 8200 | 8900
400 794 794 794 4400|5150 5700|6000 | 6500|7000 |7300| 7900 | 8550
* See page 2 for titles of British Standards referred to.
NOTE. Intermediate values may be obtained by linear interpolation.
TABLE 4M. NOMINAL DESIGN STRESS VALUES (Kgf/mm?) FOR
VESSELS SUBJECT TO EXTERNAL PRESSURE
Design stress kgf/mm? for values of 4 (see Fig. 3)
Material Tempsrcature
Up to and
P20 30 50 60 | 100 | 150 | 200 | 300 | 560 |1000| 3000 | 10000
BS 1501-801 C Up to and
inc. 50 0-06554 | 0-06554 | 006554 | 3-52 | 404 | 443 | 468 | 517 | 562 | 6:15 | 682
As altered 100 | 00644 |0-0644 |2:88 302 | 341 | 373 | 394 | 422 | 457 | 510 | 6:0L
April 1969 150 0-06254 | 0-062 54 | 2-57 264 | 292 | 313 | 327 | 352 | 3-83 | 432 | 527
200 0-0614 0-0614 | 2-32 2:39 | 260 | 278 | 2:92 | 3-09 | 341 | 380 | 471
250 0-0604 0-0604 2:18 221 | 239 | 253 | 264 | 285 | 313 | 352 | 4-22
300 0-058 54 | 0-058 54 | 2-00 2:07 | 225 | 2-39 | 2.50 | 2:67 | 2:88 | 327 | 3-90
350 0-0574 1-72 1-86 193 | 211 | 225 | 2:36 | 2-50 | 270 | 3-06 | 3-62
400 0-05554 | 1-58 1-72 176 | 1.93 | 207 | 2-14 | 2:32 | 263 | 2:88 | 341
BS 1501-821 Ti Up to and
Nb inc. 50 0-06554 | 0-06554 | 006554 | 3-94 | 467 | 520 | 5-52 | 591 | 6:33 | 6:57 | 7-03 7-52
845 B 100 0-0644 0-0644 0-0644 383 | 436 | 492 | 524 | 566 | 6:08 | 6:36 | 685 7-38
845 Ti 150 0-062 54 | 0-062 54 | 0-0624 369 | 418 | 471 ) 499 | 541 | 587 | 615 | 668 7-24
200 0-0614 0-0614 0-0614 355 | 404 | 450 | 478 | 520 | 562 | 594 | 6-46 7-03
250 0-0604 0-0604 | 0-0604 345 | 390 | 439 | 464 | 506 | 545 i 573 | 626 | 682
300 0-058 54 | 0-058 54 | 0-0584 334 | 3831 429 | 453 | 492 | 527 | 552 | 601 6-50
350 0-0574 0-0574 0-0574 320 | 376 | 415 | 440 | 474 | 513 | 534 | 575 6-26
400 0:055 54 | 0-05554 | 0-0554 309 | 362 | 400 | 422 | 457 | 492 | 513 | 555 6-01
18
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3.5 DOMED END PLATES

3.5.1 General. Domed ends of hemispherical, semi-
ellipsoidal or dished shape shall be designed in accordance
with the following formulae. The calculated thickness
shall be increased, if necessary, to meet the requirements
in 3.1 and 3.2.

3.5.2 Limitations of shape. End plates shall conform to
one of the following shapes (see BS 1966*):

Hemispherical (see Fig. 14a).

Semi-ellipsoidal (see Fig. 14b).

The ratio of major axis to minor axis should not be
greater than 2.6:1.

Dished and flanged (see Fig. 14c).

3.5.2.1 The inside radius of dishing R; shall be not greater
than the outside diameter D,,.

The inside corner radius r; shall be not less than 109,
of the inside diameter, nor less than 37%.

* BS 1966, - Domed ends for tanks and pressure vessels ’.

1 If this is not practicable, r; shall be not less than 6 % of the inside
diameter. In such cases consideration should be given to the
possibility of buckling in the knuckle region.

BS 1515 : Part 2 : 1968

3.5.3 Openings in domed ends

3.5.3.1 Holes cut in domed ends shall be circular, elliptical
or obround. Openings having a diameter exceeding 0-5D,,
shall be subject to special consideration. The radius of
flanging r of flanged-in openings (see Fig. 13) shall be not
less than 1 in. (25 mm)

3.5.3.2 Uncompensated openings. Flanged-in and other
openings shall be arranged so that the distance from the
edge of the end is not less than that shown in Fig. 11.
Where this cannot be complied with the design shall be
proved by a pressure test. In all cases the projected width
of the ligament between any two adjacent openings shall
be at least equal to the diameter of the smaller opening
as shown in Fig. 12.

3.5.3.3 Compensated openings. Openings where compensa-
tion is provided otherwise than by general thickening of
the end (over and above that required for an unpierced
end) shall comply with the requirements given in 3.10.
Ends containing only openings compensated in accordance
with 3.10 shall be regarded as plain domed ends for the
purposes of applying Fig. 15.

x<d, or d, whichever

is smaller
Fig. 12
r.
t e /! 4
hO
- ” -
- Do
Fig. 13
Figs. 11-13, Typical unreinforced openings
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Fig. 15. Shape factor for domed ends
NOTE 1. In the case of ends containing no uncompensated openings read K from full curves of #/Do = 0-002 to /Do, = 0-04 interpolating as

necessary.

NOTE 2. In the case of ends containing uncompensated openings read K from the broken line curves d/v/tDo = 50 to d/+/tDo = 0-5 inter-
polating as necessary. In no case shall K be taken as smaller than the value for a similar unpierced end.

NOTE 3. Linear interpolation is not recommended.
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3.5.4 Symbols. The following symbols and values are
used in the formulae:

t = minimum calculated thickness in inches of end
plate.

p = design pressure.

D; = inside diameter of end.

D, = outside diameter of end.

hg = effective outside height of end
hg = h, or D*/AR, or v/ D r,/2
whichever is smallest.

h; = inside height of end.

h, = outside height of end.

R; = inside radius of crown.

R, = outside radius of crown.

r; = inside radius of corner.

r, = outside radius of corner.

= design stress from 2.2.

= weld joint factor for any welded seam in the
end including circumferential end to-shell seam
in the case of ends not having a straight flange,

= 1-0 for ends made from one plate and attached
to shell with a straight flange as shown by the
full lines in Figs. 164, 16b and 16¢.

d = diameter of the largest opening in the head. In
the case of an elliptical opening the major axis
of the ellipse.

o

Q

~

. . kg d
K = afactor depending upon the ratios —= and
pencingtp D, "™ Vip,

and obtained from Fig. 15.
S¢ == length of straight flange after edge preparation.

3.5.5 Thickness of domed ends concave to pressure. The
thickness of the ends shall be determined by equation (12):

=
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The external height of dishing /4, may, for ends of
partially spherical form, be determined from equation (13).

D D
m=&—$&—%x%+f—%ﬂm

3.5.6 Domed ends convex to pressure

3.5.6.1 Symbols and values. The symbols and values
listed in 3.5.4 and 3.5.5 may be used.

3.5.6.2 Spherically dished ends. The thickness of domed
ends dished to partially spherical form shall be the greater
of the thicknesses determined by the following procedures:

(1) The thickness of an equivalent sphere, having a
radius R, equal to the outside crown radius of the end,
determined in accordance with 3.4.3.3.

(2) The thickness ¢, as determined for a domed end
under an equivalent internal pressure equal to 1-2 times
the external pressure.

3.5.6.3 Ellipsoidal ends. The thickness of domed ends of
true semi-ellipsoidal form shall be the greater of the
thicknesses determined by the following procedures:

(1) The thickness of an equivalent sphere determined
in accordance with 3.4.3.3. The value of R, shall be taken
as equal to the outside diameter of the end multiplied by
a factor taken from the following table:

ho/D, = 0-167 0-178 0-192 0-208 0-227 025
Factor = 1-36 1-27 118 1-08 099 090
ho/D, = 0278 0-313 0-357 0417 0-50
Factor = 0-81 0-73 065 057 0-50

(2) The thickness ¢ as determined for a domed end
under an equivalent internal pressure equal to 1-2 times
the external pressure.

3.5.7 Constructional details. Fig. 16 shows typical per-
mitted connéctions between ends and shells.
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|_Straight flange
optional

a. End same thickness as shell

Straight flange

Offset may be internal

or external
Parallel . Taper may include weld
length if desired

o,

b. End thicker than shell median plane offset

Straight flange Internal and external offsets

need not be symmetrically
disposed
_Parallel

length

Tapers may include weld if desired

==
"( —-\/\ // \
\ /
14° N )

(slope 114)  \
mali. ) /N

N =
T

~

c. End thicker than shell median plane approx. coincident

Fiz. 16. Typical permitted connections between ends and shells
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14%(slope |:4)max.

[4°(slope 1:4)max.

]

14°(slope 1:4) max.

Ri or /'I'

d. End thinner than shell

Vi

Parallel length if desired to

LA

(min) al . :
facilitate radiographic
- examination of shell/end seam

14%(slope I.'4)rr::\x.
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Maintain internal profile
of end over this area

e. End thinner than shell

Fig. 16. contd.
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3.6 CONICAL ENDS

3.6.1 General. Conical ends and conical reducing sections,
as shown in Fig. 17, shall be designed in accordance with
the following formulae. The calculated thickness shall be
increased, if necessary, to meet the requirements in 3.1
and 3.2.

Conical ends may be constructed of several ring sec-
tions of decreasing thickness as determined by the cor-
responding decreasing diameter.

3.6.2 Symbols. The following symbols and values are
used in the formulae:

BS 1515 : Part 2 : 1968

= outside diameter of the conical section or
end (see Fig. 17).

r = inside radius of transition knuckle, which
shall be taken as 001D, in the case of
conical sections without knuckle transition,
where the shell cone seam is left as welded.

D,

o0, = angle of slope of conical section (at the
point under consideration) to the vessel axis
(see Fig. 17).

b4 = difference between angle of slope of two
adjoining conical sections (see Fig. 17).

t = minimum calculated thickness of conical L .
section or end. K = a factor, taking into account the stress in the
P — design pressure. knuckle (see Table 5).
f = design stress, determined in accordance L = distance fr Om knuckle or junction‘ within
with 2.2, which meridional stresses determine the
J = joint factor of any welded seam as given in required thickness (see Fig. 17)
M3 — ~os [Dof
D, = inside diameter of conical section or end at cos ¥

the position under consideration (see Fig. 17).

TABLE 5. VALUES OF K AS A FUNCTION OF ¥ AND r/D,

Values of K for ri/ D, ratios of

b4

¢-01 0-02 0-03 0-04 0-06 0-08 0-10 0-15 0-20 0-30 0-40 0-50
10° 0-70 i 0-65 0-60 0-60 0-55 0-55 0-55 0-55 0-55 0-55 0-55 0-55
20° 1-00 i 090 0-85 0-80 0-70 0-65 0-60 0-55 0-55 0-55 0-55 0-55
30° 135 ¢ 12 i 11 1-0 0-90 0-85 0-80 0-70 0-65 0-55 0-55 0-55

| I X
45° | 2-:05 1-85 1-65 1-5 1-3 12 11 0-95 0-90 0-70 0-55 0-55
60° 3-2 ‘ 2-85 2-55 2:35 2:0 1-75 16 14 125 1-0 0-70 0-55
75° 68 | 585 5:35 4-75 3-85 35 3-15 27 2-4 1-55 1-00 0-55
25
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a. Cone/cylinder with knuckle

¢. Cone/cone with knuckle

’Y
N

d. Cone/cone without knuckle

- ——

b. Cone/cylinder without knuckle

Fig. 17. Typical permitted connections between cylindrical sheet and conical sections and ends
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3.6.3 Conical ends subject to internal pressure 3.7 BOLTED FLAT COVERS AND ENDS

3.6.3.1 Design method. The stresses in the knuckle or in 3.7.1 General. Flat covers and end plates shall be designed
the circumferential seam at the wide end of the cone acting in accordance with the following formulae, and the thick-
in a meridional direction are predominantly bending ness shall be increased, if necessary, to meet the require-
stresses and the stresses acting in a circumferential direc- ments given in 3.1 and 3.2.

tion are predominantly membrane stresses. The design Fig. 19 shows typical flat ends and covers.

takes into account each of these effects in turn, in 3.6.3.2 3.7.2 Symbols. The following symbols and values are
and 3 below. The greater of the two wall thicknesses so used in the formulae:

derived governs. For shallow cones, the thickness may be
determined by the method given in 3.6.3.4, even though the
resulting wall thickness may be less than those determined
under 3.6.3.2 and 3. t = minimum calculated thickness of end plate
anywhere within the outside diameter.

t = minimum calculated thickness of end plate,
anywhere within the gasket diameter.

3.6.3.2 Thickness of knuckle or conical section at junction.

The thickness of cylinder and conical section within dis- p = design prets:sur.e.
tance L from the junction shall be determined by: D = diameter in inches of the plate measured as
D.K indicated in Fig. 19.
PP . .
= 2f7 14) G = diameter of location of gasket reaction.

If the distance of a circumferential seam from the W = design bolt load for bolting up condition.
knuckle or junction is not less than L then J shall be taken hc = radial distance from gasket load reaction to the
as 10, otherwise J shall be the weld joint factor appropriate bolt circle diameter.
to the circumferential seam. f = design stress from 2.2.
3.6.3.3 Thickness of conical section away from junction. K =a constant which depends upon method of
The thickness of those parts of conical sections not less attachment to shell and is given in Fig. 19.

than a distance L away from the junction with a cylinder

or other conical section shall be determined by: 3.7.3 Thickness. The thickness of flat covers and end

plates shall be calculated from equation (16);

_{_PD, 1 s
= (2fJ _P> <C03 “) (5 for Fig. 19a: t=D ’Ijé_f

(16a)
3.6.3.4 Shallow conical sections. The thickness of conical for Fies. 19 and c: -G ;‘
sections having an angle of inclination to the vessel axis or Figs. and ¢ o Kf (16b)
of more than 75° shall be determined as for a flat cover as R
prescribed in 3.7. or = A/ 1-909 Wha
Gf (16¢)

3.6.4 Conical ends subject to external pressure
. . . 3.8 SPHERICALLY DOMED AND BOLTED ENDS
3.6.4.1 For a conical end or conical section, whether the CONFORMING TO FIG. 18
end is of seamless or butt welded construction, the general .
provisions of 3.6.3.2, 3.6.3.3 and 3.6.3.4 above are 3.8.1 General. Except as specified below bolted ends

applicable except that the thickness shall be as determined conforming to Fig. 18 shall be designed by treating the

below. domed end and the bolted flange as two separate com-
o . ponents in compliance with the relevant sections of this

3.6.4.2 When the angle of inclination of the conical standard.

section (at the point under consideration) to the vessel The method of determining the thickness of the flange

axis is not more than 75°, the thickness of the section ring involves assessing the final thickness in order to

shall be made equal to the required thickness of a cylindrical arrive at the location of the centroid and hence the value

shell in which the diameter is D,/cos « and the effective of h, and is thus a * trial and error ’ calculation.

length is equal to the slant height of the cone or conical For the purposes of the calculations in 3.8.2 and 3.8.3

sgction, or the slgnt height between the effective stiffening the following symbols apply:

rings, whichever is less. Bi = angle between tangent to domed crown section

3.6.4.3 The thickness of conical sections having an angle at its edge and a plane parallel to flange face.

of inclination to the vessel axis, of more than 75° shall be a = axial distance from the mid-surface of the

determined as for a flat cover as prescribed in 3.7. crown section at edge to the back face of the

flange ring, (governed by weld dimensions).

3.6.5 Construction details K, = bolt pitch correction factor =

3.6.5.1 Conncctions between cylindrical shell and conical J bolt spacing

sections and ends shall preferably be by means of a knuckle 2 (bolt diam.) + T

transition radius. Typical permitted details are shown in T
Fig. 17. Alternatively conical sections and ends may be
butt-welded to cylinders without a knuckle radius when

= minimum calculated flange ring thickness.
Ty, = flange thicknessrequired for operating condition.

the change in angle of slope ¥ between the two sections Tra = flange thickness required for bolting-up condi-
under consideration does not exceed 30°. tion.
H, = radial component of membrane force developed
3.6.5.2 Butt welds between ring sections of different thick- in the spherical crown section, acting at the
ncss shall be in accordance with Fig. 2. edge.
27
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h, = axial distance from the mid-surface of the
crown section at edge to the centroid of the
flange ring cross section.

R, = inside radius of curvature of spherical crown
section.

t. = minimum calculated thickness of spherical
crown section.

f = nominal design stress for the material of the
spherical crown section at the design tempera-
ture.

J = joint factor.

For definition of other symbols, see 3.11.4.
3.8.2 Subject to internal pressure (concave to pressure)

3.8.2.1 Crown section. The minimum thickness of the
spherical crown section shall be

_ 5PR
<= %I a7

3.8.2.2 Flange ring. The bolting area required, the bolt
loads and the gasket width check shall be calculated as
specified in 3.11.

3.8.2.3 Flange ring thickness. The minimum thickness of
the flange ring T shall be the greater of Ty, or Ty, as
determined below but shall be not less than twice the
crown thickness i.e. T > 2¢..

(1) Operating condition:

fo=F+ VF+J, 18)
_PBVAR? — B
where F 8500 (4 — B)
;. _MyKi(4 + B)
° BSro (A — B)

M,, = Hphp + Hghg + Hrht + H:h,
H, = Hpcotf
h, = 0-5T (assumed) — a

NOTE. The product H:h may be negative if the sense of this
moment is opposite to the moments Hphp, Hghg and Htht.

28
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(2) Bolting up condition:

Tor — A/Irq (A + B) Mym
A= [
(4 — B) BSga (19

3.8.3 Subject to external pressure (convex to pressure)

3.8.3.1 Crown section. The minimum thickness of the
spherical crown section shall be determined in accordance
with 3.8.2.

3.8.3.2 Flange ring. The thickness of the flange ring shall
be determined in accordance with the rules for internal
pressure in 3.8.2 except that

M,y = Hp (hp — hg) + Hry (hr — hg) —

NOTE. The gasket should be checked against excessive deformation
under the action of the bolt load and the external pressure thrust.

-~ Ya ]
]

Full o A B)
penetretoon Point of
weld ™ h’D action

T 4

Shown as welded
Smooth weld
bolh sides

7
Centroid

SN Tﬁ
/— e /2 C

Use any suitable type of gasket

Fig. 18. Spherically domed and bolted end

Documents

Document Sharing Hub


http://www.avadocuments.com/doc/bs-1515-2-1968
http://www.avadocuments.com/doc/bs-1515-2-1968

BS 1515 : Part 2 : 1968

Fig. Type Limitations K

|- D |
a. Il | Gasket shall be full 6-0
H ! width of flange

o + |

b.
G »h s l‘_
(M ' i
¢ t
| b= . . 1
' ! 030 + 1.5 X Wy X hg
HXG
where
\/L *\/L W1 = minimum  required  bolt
load for operating condi-
tions.
C. H = total hydraulic force.

(For explanation of notation see
3.11.4).

o~ -

— r—%
1

Fig. 19. Typical flat ends and covers
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3.9 FLAT TUBE PLATES

3.9.1 Tube plate. The types of tube plate indicated in

Figs. 20a to 20e represent forms of construction commonly

encountered in shell and tube heat exchanger design.
Typical forms of connections are given in Appendix E.

3.9.2 Symbols used in design. The following symbols and
values are used in the design procedure for determining
the tube plate thickness:

A = cross-sectional area of bore of shell
_wD?
=

a = cross-sectional area of metal in one tube.

B = cross-sectional area of shell plate
=D+ Dt

(o = Cross-sectional area of tube holes in the tube
plate
_nnd?

-

D = bore of cylindrical shell.

D; = diameter of the largest inscribed circle which
can be drawn within an unpierced portion of
the tube plate.

d = outside diameter of tubes.

E;, = modulus of elasticity for shell.

E, = modulus of elasticity for tubes.

f = design stress.

G,

G, = non-dimensional functions of k (see Figs. 21a,

G, b and ¢).

h = thickness of the tube plate.

k = non-dimensional factor dependent upon heat
exchanger dimensions (see 3.9.4(2) ).

L = effective length of a tube.

n = number of tubes.

P, = radial stress in tube plate.

P, = longitudinal stress in tubes.

P = equivalent pressure difference

na
=P1r—Ps— P2 e

P = gauge pressure outside tubes.

P2 = gauge pressure inside tubes.

Py = maximum pressure difference which can
occur across tube plate in service.

P, = effective pressure difference due to the

combined pressure difference p and the
differential expansion y

Ena

. Elna
e = E,B
t = thickness of shell.
ocg = coefficient of linear expansion of the shell.
oc, = coefficient of linear expansion of the tube.
y = total differential strain

oc; 6, — 0) — o 0 — 0,).
A—-C

A ==
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u = ligament efficiency assumed equal to
0-4 for single-pass heat exchangers,

0-5 for two-pass heat exchangers,

0-6 for four-pass heat exchangers
in the absence of an authoritative alternative.

7 = deflection efficiency assumed equal to p in
the absence of an authoritative alternative.

0, = temperature of the shell.

0, = temperature of the tubes.

6, = assembly temperature.
na

O

P =P1—Pz(1+ﬁ)-

P =p1—pe <1 +A +‘§Z> + ByE.
Pe =p+ByE.

3.9.3 Minimum tube pitch. The centre lines of tubes,
measured at the tube plate, shall not be closer together
than 1-25d.

3.9.4 Thickness of tube plates. A summary of the design
formulae to be used for determining the thickness of
tube plates is given in Table 6. These are not suitable for
direct determination and a process of trial and error must
be followed, the procedure for which is as follows:

(1) Assume a likely value for the plate thickness, 4.

Where the tubes are roller-expanded into the tube
plate, the thickness of the plate must be sufficient to ensure
an adequate grip between the tubes and plate. A plate
thickness of not less than d/2 and not more than d is likely
to be required for this purpose.

(2) Obtain the value of & from equation (20)

D o
k=1322 (1
A oLk (20)
(3) From Figs. 2la, b and c obtain the values of G,
Gs, G, using the following criteria to decide the type of
support which is applicable:

Plate held in joint which effectively
prevents angular deflection at the
periphery: clamped support.

Narrow joint face or trapped ring: simple support.

Wide gasket joint inside bolt holes,

or full-faced joint across flange

attached to a thin walled shell: halfway between
simple and
clamped support.

(4) Using the appropriate formulae in Table 6 deter-
mine the values of P, max. and P; max.

(5) Depending upon the magnitudes of the values
obtained for P, max. and P, max. as compared with the
design stresses given in Table 2, choose where necessary
another value of 4 to bring one of the values of P, max.
and P, max. close to, but neither exceeding, the design
stress permitted.

(6) Add the appropriate corrosion allowance to the
value obtained for .
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(7) The thickness of tube plates, calculated by the
above method, will always be adequate but may sometimes
be greater than necessary because of the simplified nature
of the design calculations.

Where appropriate, and by agreement between the
manufacturer, purchaser and inspection authority, more
detailed analyses may be used. Such analyses may include:

a. a correction for the effect of Poisson’s ratio;

b. consideration of the elastic restraint imposed by the
shell, where no shell expansion device is fitted;

c. allowance for the edge moments resulting from

BS 1515 : Part 2 : 1968

and d. the effect of thermal gradients, which can be
particularly important with thick tube plates.

3.9.5 Thickness of non-uniformly pierced tube plates.
Tube plates in which the tubes are not spaced uniformly
over their whole area may contain unpierced portions of
appreciable extent deriving no support from the tube
bundle. The thickness of such a tube plate shall be not less

than:
[P
D‘A/ 2f @D

flange bolting;

TABLE 6. SUMMARY OF DESIGN FORMULAE FOR HEAT EXCHANGER TUBE PLATES

Pr max.

Type of heat

Value may be either positive or

P max.

Positive value denotes tensile

Design conditions to consider

exchanger | negative depending upon the side stress
i of the tube plate to which the Negative value denotes compressive
stress applies stress
Box* A <D> Either — p— Do Gs Simul 1 £ i
0X ' 4.G (0 + G \ & B 0+ G, imultaneous values of p, ,p, and y which

may occur in service giving rise to the
highest numerical value of py,.

. pr— Db (D : | ith 1 (P1 — ps) Gy X
Floating head ~4 o~ | | Eit TP 3 Simultaneous values of p, and p, which
| may occur in service giving rise to the
i ‘ highest numerical value of p; — p,.
:' [ or L i #(Pl —ps) Gy ' :
| I A
: i
; .1
; D2 D\ : ' . [ P2 Gs
Gland | a# G \n / ‘ Elther—ﬁ— + 3 The highest value of p, which may occur
! | - in service.
! | 1[ | p.G,
! or —
| B R |
| f |
1 !
| |
o | 0309 (p, — pu) (D\* (imply |
Hair-pin 4 \h ) supported) |
i | ) C » Simultaneous values of p; and p, which
T - 2

01875 (p; — po)
|

(;

D) (clamped) '

/ 1
i
|
!

na

|

may occur in service giving rise to the
highest numerical value of p, — p,.

* Where the stresses on either the tube plate or the tubes are excessive, the form of shell construction shown in Fig. 20b may be adopted but
the design must be the subject of agreement between the purchaser and the manufacturer.

K. A. G. Miller
K. A. Gardiner
J. P. Dunean.
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Fig. 20. Heat exchangers
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Fig. 20. Heat exchangers (cont.)
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Fig. 21a. Values for G,

34

Documents

Document Sharing Hub

Full document details: BS 1515-2:1968


http://www.avadocuments.com/doc/bs-1515-2-1968
http://www.avadocuments.com/doc/bs-1515-2-1968

BS 1515 : Part 2 : 1968

-t

Fig. 21b. Values for G,

35

Documents

Document Sharing Hub

Full document details: BS 1515-2:1968


http://www.avadocuments.com/doc/bs-1515-2-1968
http://www.avadocuments.com/doc/bs-1515-2-1968

BS 1515 : Part 2 : 1968

§3-

[Ga

*
—
a
)
3
©
(14
a
~—

n
(-]

o 10 20 30 40 50 60 (Q BO 90 100 [0 12:0 130 (40 }50 160 ITO 180 190,300

Fig. 21c. Values of G,

36

Documents

Document Sharing Hub

Full document details: BS 1515-2:1968


http://www.avadocuments.com/doc/bs-1515-2-1968
http://www.avadocuments.com/doc/bs-1515-2-1968

3.10 OPENINGS AND BRANCH CONNECTIONS

3.10.1 General. The amount of compensation to be
provided at an opening, from the point of view of internal
pressure, shall be not less than that specified in this
clause. The effect of any other loads shall be taken into
account. Similarly the effects of attachments and dis-
continuities in the proximity of the openings shall be taken
into account.

NOTE 1. The basis on which these requirements are founded is
outlined in Appendix F.
NOTE 2. All dimensions exclude corrosion allowance.

For the purposes of the calculations in 3.10.2 to
3.10.5 the following symbols apply (see also Figs. 24-41):

D = mean diameter of spherical or cylindrical section
of shell,

= 2R, sec « for a conical section of a shell (see Fig.
24).

T = shell thickness as calculated by the formulae for
pressure loading only in 3-4 and 3-6 for a plain
spherical, cylindrical or conical shell section.

R, = radius of conical shell section at opening (see
Fig. 24).

« = one half apex angle of cone, degrees (see Fig. 24).
d = bore of opening not provided with a branch, or

mean diameter of branch.

t = branch thickness as calculated by the formulae
for pressure loading only in 3.4 for a plain
cylinder.

T, = total thickness of shell as required by this section
for single openings.

t. = total thickness of branch as required by this
section for single openings.

T; = final thickness of shell between the openings
considered.

t; = final thickness of branch.

p = pitch measured between centre lines of two
openings along mid thickness of shell.

d, = average value of d for any two adjacent openings
being considered.

A, = cross-sectional area of shell between bores of
the two adjacent openings considered (see Fig.
36).

A, = half the total cross-sectional area of the two
nozzles, taken within the appropriate distance
0-64 V/dt; from the shell in the plane containing
the pitch and nozzle axis, together with half
the total cross-sectional area of the weld metal
lying outside the surfaces of the shell and
branch (see Fig. 36).

A, = sum of the two products 0-64Vdt; for the two
openings considered (see Fig. 36).

g = arrangement factor from Fig. 35.

H = minimum width of thickened shell at thickness
T..

h = minimum length of thickened branch at thickness
L.

3.10.2 Application. The following rules shall be used for
the design of circular and obround openings and nozzles
(including oblique nozzles), arranged singly or in groups,
in spherical, cylindrical and conical shells provided that:

Full document details: BS 1515-2:1968
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(1) Spherical shells
a. for openings and nozzles normal to the shell surface

(i) The major axis of the opening does not exceed
one half of the diameter of the shell.

(ii) The ratio of the major to minor axes of the
opening does not exceed 2.

b. for oblique nozzles, the nozzle is of circular cross’

section complying with (1)a(i) above and the angle between
the axis of the nozzle and a line normal to the shell surface
does not exceed 50°.

(2) Cylindrical and conical shells
a. for openings and nozzles normal to the shell surface
(i) The ratio of the axis of the opening measured
circumferentially along the shell to the shell
diameter does not exceed 4.
(ii) The ratio of the major to minor axes of the
opening does not exceed 2.

b. for oblique nozzles, the nozzle is of circular cross
section complying with (2)a(i) above and the angle between
the axis of the nozzle and a line normal to the shell surface
does not exceed 50°.

(3) Domed ends

The domed end shall be considered as a spherical shell
of diameter equal to twice the maximum crown radius at
mid-thickness and the conditions (1) above shall apply.
In addition the openings or nozzles shall be situated in such
a way that in projection, the distance from them (or
from their reinforcements) to the cylindrical part is not less
than one tenth of the cylindrical shell diameter ( see Fig.
11).

(4) Other configurations

All nozzles and openings not covered above shall be
designed on the basis of special analysis, experimental
evidence, operating experience or tests to the satisfaction
of the purchaser.

3.10.3 Design of isolated openings and branch connections.

3.10.3.1 Openings not fitted with branch pieces, Figs. 25,
29 and 40. The minimum value of T; as a ratio to T shall
be read from the vertical axis of Fig. 22* (#,/T, = 0)
against the calculated value of d/V DT. Ifd/V' DT < 0-14,
T, shall be taken not less than 7.

3.10.3.2 Branch connections. Branch connections may be
reinforced by means of a local increase in shell thickness
or nozzle thickness, or by a combination of increases.

3.10.3.2.1 Shell thickness not increased (see Figs. 26, 27,
30, 31 and 41, with T, = T)).

The minimum value of #, as a ratio to T shall be read
from the hoy*zontal axis (T;/T = 1-0) of Fig. 22 for protrud-
ing nozzles and Fig. 23 for flush nozzles, against the
calculated value of d/V/ DT. The thickness ¢, shall not be
less than 7.

3.10.3.2.2 Shell thickness increased, T, > T (see Figs. 28,
32, 39 and 41).

The curve appropriate to the value of d/V DT in Fig.
22* or Fig. 23* shows all acceptable minimum combinations
of T,/T and ¢,/T, from which a suitable choice shall be
made, but 7, shall not be less than .

* Figs. 22 and 23 are intrinsically identical with Figs. 14 and 15 of
BS 3915 : 1965 ‘Carbon and low alloy steel pressure vessels for
the primary circuits of nuclear reactors’ but obviate a trial and error
process in establishing dimensions.
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3.10.3.3 Extent of reinforcement

3.10.3.3.1 Except when branch or shell or both are
thickened above the values 7, and T, respectively, local
to their junction as permitted in 3.10.3.3.2 below, or when
credit is to be taken for the area of weld metal as permitted
in 3.10.3.3.4 below:

(1) the thickness ¢, of the branch and protrusion if
fitted, shall not be reduced within a distance

h=Vad,

measured from the relevant surface of the shell of
thickness T, (see Figs. 26, 27, 28, 30, 31 and 32),

and (2) the thickness T, of the shell shall not be
reduced within a distance H measured from the outer
surface of the branch piece of thickness #,, or the bore of
the opening if no branch is fitted (see Figs. 25, 28, 29,
32 and 39) where H is the smaller of

H= ;and H = +/DT..

3.10.3.3.2 The thickness of the branch, and protrusion if
fitted, may be increased above ¢, local to the shell and
reduced at more distant points to a value not less than ¢,
provided that one half the total cross-sectional area of the
branch walls falling within the dimensions 4 as calculated
and measured in 3.10.3.3.1(1), shall be not less than h.r,
for a flush nozzle and 2h.7, for a protruding nozzle (see
Figs. 37 and 38).

3.10.3.3.3 The thickness of the shell may be increased
above T; local to the nozzle and reduced to a value not
less than T at more distant points, provided that one
half the total cross-sectional area taken between the outer-
most extremity of the dimension H on one side of the
nozzle, and a similar point on the opposite side of the
nozzle but excluding any area included in 3.10.3.3.2,
shall be not less than 7, (H + t,). The value of H isto be
calculated and measured as in 3.10.3.3.1(2) (see Figs. 37
and 38).

3.10.3.3.4 Credit may be taken for the cross-sectional area
of weld metal lying outside the surfaces of shell and
branch at their junction, in determining final thicknesses.
The area of weld metal may be added to that of the branch,
or to that of the shell, or divided between both, and final
thicknesses shall be determined by the area requirements
in 3.10.3.3.2 and 3.10.3.3.3.

3.10.3.4 Rim reinforcements. The design of rim reinforce-
ments, Figs. 33 and 34, may be derived from that for
branch connections in the following manner. Proceeding
as in 3.10.3.2, determine a combination of T, and ¢,
using Fig. 22 if the rim is to be protruding (Fig. 33), or
Fig. 23 for a flush rim (Fig. 34). The rim shall be designed
to a smooth profile concentrating material near the edge
of the opening, such that one half of the total cross-
sectional area falling within the outermost extremities of
the dimensions # and H, as calculated and measured in
3.10.3.3.1, shall be not less than

2h.t; + (H +1) T, if the rim protrudes,
and h.t, + (H 4 t) T, if the rim is flush.
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For the protruding rim, the cross-sectional area should
be equally disposed about the shell mid-thickness.
NOTE. The cross-sectional area of the rim required in this deriva-
tion will vary depending on the particular combination of T and #r.
A trial procedure using different combinations of Tr and 7 may be
employed to establish the minimum area required.

3.10.3.5 Obround, elliptical and oblique openings and
nozzles. Compensation shall be calculated in the same way
as for circular openings and nozzles located normal to the
shell except that:

(1) In calculating the compensation required the ratio
of d/D is taken as:

for spherical shells, and cylindrical shells with the
major axis of the opening parallel to the axis of

the shell
__ major axis of opening
YD =~ el diameter

for cylindrical shells with the minor axis of the
opening parallel to the axis of the shell

minor axis of opening
shell diameter.

(2) In determining dimensions A and / the value of d
shall be as given in (1) above.

d/D =

(3) In the case of multiple openings the value of dj
used in 3.10.4 (2) and (3) shall be determined using d from
(1) above.

3.10.4 Method of design of multiple openings and branch
connections

(1) Calculate compensation dimensions required as for
an isolated opening, i.e. assuming that the full width H is
available.

(2) Where the shortest pitch between adjacent openings
is such that
the dimensions shall be that calculated in (1) above.

(3) Where the shortest pitch between adjacent openings

is such that
p<dsy+3V DT
the dimensions calculated in (1) above shall be increased
if required so that for each ligament (see Figs. 35 and 36).
As + Ay — Ay = gpT
and for cylindrical tube sheets not fitted with welded
stubs (Fig. 35)
A = gpT.

3.10.5 Reinforcing pads. Reinforcing pads may be used
provided that the following conditions are observed:
(1) The d/D ratio is not greater than:
14 for double sided pads
Y4 for single sided pads.
(2) The width of the pad is not less than H/2.

(3) The thickness of the pad does not exceed 7 or 114
inches (38 mm) whichever is the lesser.

(4) The thickness of the pad is not less than 7/4.
(5) The amount of compensation to be provided shall

be equal to the amount which would have been necessary
had the compensation been integral.

NOTE. Particular attention should be given to cases where there
is a possibility of temperature gradients across the thickness of the
shell and where these are severe pads should not be used.
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Fig. 24. Nozzle in 2 conical shell
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Figs. 25-28. Notation applicable to spheres
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Figs. 29-32. Notation applicable to cylinders
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Hatched area > 2h.tr + (H + tr)Tx Hatched area > h.tr + (H + t0)Tx
Fig. 33. Protruding rim Fig. 34. Flush rim

NOTE. The dimensions 7r, H, tr and / refer to the design of a branch connection using components of con-
stant thickness from which the design of the profiled rim is derived on an area basis.
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SPHERICAL VESSELS
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For holes arranged along
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the transverse direction

CYLINDRICAL TUBE SHEETS
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NOTE. For elliptical and oblique nozzles the value of d is the dimension of the
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Area =
Area @ >
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Fig. 38. Modified flush branch compensation
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Fig. 39

Cylinder
7. Sphere

Fig. 40

Fig. 41
Figs. 39-41. Notation applicable to spheres and cylinders
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3.10.6 Vessels subject to external pressure

3.10.6.1 Compensation of openings in single-walled
vessels subject to external pressure shall be designed in
accordance with the rules for vessels subject to internal
pressure given above, using a design pressure 1-5 times the
external design pressure.

3.10.6.2 In the case of double walled vessels, openings in
the shell subject to external pressure shall be compensated
to comply with the requirements in 3.10.6.1. Compensation
of openings in the shell subject to internal pressure shall
comply with 3.10.1. These requirements shall be complied
with irrespective of whether or not there is a common
branch rigidly attached to both shells.

3.10.7 Tell-tale holes. Compensating rings and similar
constructions which may have chambers sealed in by the
welding construction may have one tell-tale hole tapped
%4 in max. BSP thread for test of the welding sealed off by
the compensating ring. These holes shall remain open
while the vessel is in operation.

3.10.8 Screwed connections

3.10.8.1 Screwed threads. Threads shall be in accordance
with BS 21* or API 5L or 5Bf. The following con-
structions are permitted:

(1) Threads may be tapered or parallel, but if parallel
threads are used, a collar on the pipe and a facing around
the hole shall be arranged to provide a joint-face.

(2) Screwed connections should not exceed 114 in
BSP thread size or equivalent.

3.10.8.2 Welded sockets. These may be used for construc-
tions as shown in Fig. 131 of Appendix E. Welded sockets
shall comply dimensionally with BS 3799f or be of equi-
valent design.

3.10.8.3 Tapped holes in plates. The maximum diameter
shall not exceed the thickness of the plate.

3.10.8.4 Screwed nipples. Screwed nipples may be fitted,
using constructions similar to those for screwed sockets
given in this section. In no case shall the thickness of the
nipple (below the thread) be less than that given in this
section and Table 7.

3.10.9 Studded connections. The forms of connection
shown in Figs. 129 and 130 of Appendix E are permissible.

The net cross-sectional area of the block or pad shall
be as required by this section.

3.10.9.1 Stud holes.

3.10.9.1.1 Stud holes in pads shall not penetrate the
thickness of the pad. Stud holes in shells or end plates
shall not penetrate to the calculated plate thickness.

Stud holes shall be tapped to a depth not less than the
diameter of the stud plus %4 in (3 mm).

3.10.9.1.2 Stud holes shall straddle the centre line of the
vessel wherever practicable.

* BS 21,  Pipe threads ’.
T API 5L, ¢ Line pipe ’.

API 5B, ¢ Threads for valves, fittings and flanges °, (API specifica-
tions are issued by the American Petroleum Institute).
+ BS 3799, * Forged steel pipe fittings screwed and socket welding
for the petroleum industry .

BS 1515 : Part 2 : 1968

3.10.10 Branch pipes

3.10.10.1 General. The design of branch pipes is governed
by three main considerations:

(1) ability to withstand the design pressure,

(2) anormal margin of strength to cover superimposed
loading by connected pipe-work or fittings,

(3) suitability for the recommended forms of branch-
to-shell attachment welds.

3.10.10.2 Branch thickness

3.10.10.2.1 The minimum thickness of a branch shall be
calculated in accordance with the provisions of 3.1 and
3.4 for cylindrical shells.

3.10.10.2.2 Notwithstanding the minimum thickness so
calculated the thickness of a branch on final inspection
after fabrication shall be not less than the value given in
Table 7 or the shell thickness, whichever is the thinner.
These tabular values incorporate a margin of strength,
suggested by experience, to cover additional loading by
connected pipework of the order normally to be expected
with a properly designed and supported piping arrange-
ment.

TABLE 7. THICKNESS OF BRANCHES

Branch nominal size Minimum thickness

in mm in mm

2 and smaller 51 % 3
2%, 3, 3% 65, 80, 90 e 5
4,6 100, 150 A 6
8, 10 203, 254 e 8
12, 14 305, 356 3% 10
16, 18 406, 457 b2 13

It is recommended that advantage be taken of the
provisions set out in 3.9 which relate to the inclusion of
excess branch thickness in material available for the
compensation of openings.

Branches bearing no additional loading, e.g. at drain
points, may by agreement between the purchaser and
manufacturer have thicknesses less than those given in
Table 7. It is preferable that such branches be as short as
possible.

3.10.10.3 Appendix E shows permissible constructions.

3.10.11 Special connections. See 3.13 for special connections
through jacketed shells.

3.11 BOLTED FLANGED CONNECTIONS
3.11.1 General

3.11.1.1 The rules in this clause apply specifically to the
design of bolted flanged connections and are to be used in
conjunction with the applicable requirements of this
standard.

These rules provide only for hydrostatic end loads and
gasket seating (see 3.11.9 for flanges subject to external
pressure). Where suitable, flanges complying with the

45

Documents

Document Sharing Hub

Full document details: BS 1515-2:1968


http://www.avadocuments.com/doc/bs-1515-2-1968
http://www.avadocuments.com/doc/bs-1515-2-1968

BS 1515 : Part 2 : 1968

appropriate British Standard shall be used and in such
cases the calculations required by this section need not be
carried out.

3.11.1.2 The design of a flange involves the selection of the
gasket (material, type, and dimensions), flange facing,
bolting, hub proportions, flange width, flange thickness
(see Note to 3.11.5). Flange dimensions shall be such
that the stresses in the flange, calculated in accordance
with 3.11.7 do not exceed the values specified in 3.11.8.

3.11.1.3 Hub flanges shall not be made by machining the
hub directly from plate materials except subject to special
approval by the purchaser.

3.11.1.4 The thickness of flanges shall be determined as the
greater required either by the operating or by the bolting
up conditions and in all cases both conditions shall be
calculated in accordance with the following:

(1) Operating conditions. The operating conditions are
the conditions required to resist the hydrostatic end force
of the design pressure tending to part the joint, and to
maintain on the gasket or joint-contact surface sufficient
compression to assure a tight joint, all at the design
temperature. The minimum load is a function of the design
pressure, the gasket material, and the effective gasket or
contact area to be kept tight under pressure (equation
(22) in 3.11.5), and determines one of the two requirements
for the amount of the bolting, 4. This load is also used
for the design of the flange (equation (24) in 3.11.5).

(2) Bolting-up conditions. The bolting-up conditions
are the conditions existing when the gasket or joint-
contact surface is seated by applying an initial load with
the bolts when assembling the joint, at atmospheric
temperature and pressure. The minimum initial load con-
sidered to be adequate for proper seating is a function of
the gasket material, and the effective gasket or contact
area to be seated (equation (22) in 3.11.5) and determines
the other of the two requirements for the amount of
bolting, An,. For the design of the flange, this load is
modified (equation (25) in 3.11.5), to take account of the
operating conditions, when these govern the amount of
bolting required, 4, as well as the amount of bolting
actually provided, Ay,

3.11.1.5 The following rules are based upon considera-
tions of strength. In unusual circumstances consideration
may be required to ensure freedom from leakage.*

3.11.2 Bolts, studs and nuts. It is reccommended that bolts
and studs have a nominal diameter of not less than 14 inch
(12 mm). If bolts or studs smaller than 34 inch (12 mm) are
used bolting material shall be of alloy steel. Precautions
shall be taken to avoid over-stressing smaller diameter
bolts. Bolts and studs shall not have a thread of coarser
pitch than 8 t.p.i. (3 mm pitch) except by special approval
by the purchaser.

3.11.3 Classification of flanges. For design purposes,
flanged facings shall come under one of the following
categories:

(1) Narrow-faced flanges. These are flanges where
all the face contact area lies inside the circle enclosed by

* Reference. Murray N. W. and Stuart D. G. ‘ Behaviour in large
taper hub flanges ’. Symposium on pressure vessel research towards
better design. Inst. Mech. E. 1961,
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the bolt holes. They may be of the gasketed type or have
face-to-face joints or a combination of both with or
without a seal weld. The design rules for such flanges are
given below.

(2) Wide-faced flanges. These are flanges with face
contact area outside the circle enclosed by the bolt holes.
The design rules for these flanges are not included (see
3.11.1).

3.11.4 Flanges subject to internal pressure. (Narrow faced
flanges.)

The flange design methods outlined in this clause, to-
gether with 3.11.5, 3.11.6, 3.11.7 and 3.11.8 are applicable
to circular flanges under internal pressure.

The notation described below is used in the formulae
for the design of flanges (see also Fig. 42):

A = outside diameter of flange or, where slotted
holes extend to the outside of the flange, the
diameter to the bottom of the slots, inches.

A, = actual total cross-sectional area of bolts at
root of thread or section of least diameter
under stress, square inches.

An = total required cross-sectional area of bolts,
taken as the greater of A,,; and Ay, square
inches.

Amn = total cross-sectional area of bolts at root of

thread or section of least diameter under stress,
required for the operating conditions, square
inches = W,,,/S¢.

An: = total cross-sectional area of bolts at root of
thread or section of least diameter under stress,
required for gasket seating, square inches

= Wn2/Sa.
B == inside diameter of flange, inches.
Cg = bolt pitch correction factor

__bolt spacing
2(bolt diameter) + ¢

b = effective gasket or joint-contact-surface scating
width, inches (see Note, 3.11.5).

2b = effective gasket or joint-contact surface pres-
sure width, inches (see 3.11.5).

b, = basic gasket seating width, inches (from
Table 9).

C - bolt-circle diameter, inches.

== factor, for integral-type flanges
U
d == v hogo®s
for loosc-type flanges

d = Vlelogoz.

e = factor, for integral-type flanges
_F
e = Ay
for loose-type flanges
e =k
hy
F - factor for integral-type flanges (from Fig. 44).
F_ == factor for loose-type flanges (from Fig. 46).
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f = hub stress-correction factor for integral flanges S, = nominal bolt stress at atmospheric tempera-
from Fig. 48 (when greater than 1 this is the ture, 1bf/in? (see Table 12).
ratio of the stress in the small end of hub to s _ inal bolt st t desien t ¢
the stress in the large end); (for values below b= fb‘}‘?‘ﬂa (’)I' bi r(;,;s) at design temperature,
limit of figure use /= 1). [in® (see Table 12).
G = diameter at location of gasket load reaction. Sga = nominal design stress for flange material at
Except as noted in sketch (1) of Fig. 42, G is atmospheric temperature (gasket seating con-
defined as follows (see Table 9): ditions) 1bf/in? from Table 2*.
when b, <4 inch, G = mean diameter of . desi for fl .
gasket contact face, inches: Sko = nommal esign stresses for ange materga_l at
when b >1% inch, G = outside diameter desn'gr; temperature* (operatmg condition)
of gasket contact face less 2b, inches. Ibf/in? from Table 2*.
&o = thickness of hub at small end, inches. Sy = calculated longitudinal stress in hub, 1bf/in2.
g = thickness of hu.b at back of flange, inches. Sr = calculated radial stress in flange, 1bf/in®.
H == total hydrostatic end force, pounds
= 0-785G?P. St = calculated tangential stress in flange, 1bf/in?
Hp = hydrostatic end force on area inside of flange _ . . .
pounds == 0-785BP. T = factor involving K (from Fig. 43).
Hg = gasket load (difference between flange design t = flange thickness, inches.
bolt load and total hydrostatic end force), _ . . .
pounds Hg = Wy, — H = H,, for operating U = factor involving K (from Fig. 43).
condition, Hg = W for gasket seating con- V= factor for integral-type flanges (from Fig. 45).
dition. .
H, == total joint-contact-surface compression load, VL = factor for loose-type flanges (from Fig. 47).
pounds, = 2b x 3-14 GmP. W = flange design bolt load, for the operating con-
Hy = difference between total hydrostatic end force ditions or gasket seating, as may apply pounds
and the hydrostatic end force on area inside of (see 3.11.5.3 and 3.11.9).
ds, = H — Hp. . .
h _ garl;gle, p(t);: ninsc;he b W, = minimum required bolt load for the operating
- A eng > S . conditions, 1bf (see 3.11.5).
hp = radial distance from the bolt circle, to the
circle on which Hp acts, as prescribed in W, = minimum required bolt load for gasket seat-
3.11.6, inches. ing, 1bf (see 3.11.5).
hg = radial dis.tar;ce_fr(;lm gasket load reaction to W — width, in inches, used to determine the basic
the bolt circle, inches gasket seating width b,, based upon the con-
Y tact width between the flange facing and the
2 7 gasket (see Table 9).
ho = \/ng m.ches. ) Y = factor involving K (from Fig. 43).
hy == radial distance from the bolt circle to the . . .
circle on which Hy acts as prescribed in ¥ = gasket or joint-contact-surface unit seating
3.11.6, inches. load, 1bf/in* (see Note to 3.11.5).
K == ratio of outside diameter of flange to inside Z = factor involving K (from Fig. 43).
diameter of flange = A/B.
\ . e + 1 3 3.11.4.1 Loose-type flanges. This type covers those designs
! — factor = T~ + AN where the method of attachment is not considered to give
_ the mechanical strength equivalent of integral attachment.
M, - The greater of M,, or Matm ‘5*0 See Fig. 42 (1), (2), (3) and (4) for typical loose-type flanges
: Sea and the location of the loads and moments. Welds and
M im =+ total moment acting upon the flange for gasket other details of construction shall satisfy the dimensional
seating conditions, in 1bf. requirements given in Fig. 42 (2), (3) and (4).
M,, == total moment acting on the flange for operating
conditions in Ibf. 3.11.4.2 Integral-type flanges. This type covers designs of
m - gasket factor, obtain from Table 8 (see Note such a nature that the flange and nozzle neck, vessel, or
to 3.11.5). pipe wall is considered to be the equivalent of an integral
N - width, inches, used to determine the basic structure. In welded construction, the nozzlé neck, vessel,
gasket seating width b,, based upon the or pipe wall is considered to act as a hub. See Fig. 42 (5),
possible contact width of the gasket (see (6), (6a), (6b) and (7) for typical integral-type flanges and
Table 9). the location of the loads and moments. Welds and other
. . . details of construction shall satisfy the dimensional re-
p = design pressure, Ibf/in%. For flanges subject to . A
external pressure, see 3.11.9. quirements given in Fig. 42 (5), (6), (6a), (6b) and (7).
R radial distance from bolt circle to point of

connection of hub and back of flange, inches
(integral and hub flanges),

* The above definitions arc based on the assumption that the
materials for the flange ring and neck are not significantly different
in their appropriate mechanical properties. If they are different

-8 - either the lower values should be used or special consideration given
2 to the design.
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3.11.4.3 Optional-type flanges. This type covers designs
where the attachment of the flange to the nozzle neck,
vessel, or pipe wall is such that the assembly is considered
to act as a unit, which shall be calculated as an integral
flange, except that for simplicity the designer may calculate
the construction as a loose-type flange provided none of the
following values is exceeded:

8o = % inch (16 mm);f— = 300; P = 300 Ibf/in?

o
(21 kgf/cm?)
operating temperature = 700°F; see Fig. 42 (8), (8a), (8b)
and (9) for typical optional-type flanges. Welds and other
details of construction shall satisfy the dimensional require-
ments given in Fig. 42 (8), (84), (8b) and (9).

LOOSE-TYPE FLANGES

Loadings and dimensions not shown are the same as sketch (2)

Gasket o t —ed—

RN =

:hc \Z" ~;~ /:D .70 Cf
Hy + Hy T E B j:,
G < Hy g

To be taken at mid-point of
contact between flange and
lap independent of gasket
location

M

!

‘R

AN

~ Nv!
[}0-7 t, (r%

t, + /4 in 6 mm(max)

3

Gasket\ -—t—-r—'h
\ v

Fig. 42. Classification of flanges for calculation purposes
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For hub tapers 6° or
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INTEGRAL-TYPE FLANGES

A5 g, (min)
Gasket [~ 1 GdSkei W |
R A C } R C
D
,4f W | A w |
f J _ { } - I Slope
h. H L r h r 8
h G ‘s A l 1:3
lr *‘——*k _.__(__!L L ‘rJ P (max)
A ® H. ol = B—L
G g =g G g‘/ 8 h T
1 o 8 _-_9_,_ 9, 5 > 9%
2 Where hub slope adjacent to
©) flange exceeds 1:3 use details
(6a) or (66)
©
5 9 (min) Gasket ] A
& weld f Ao\ w
| 4 | \\ _
(6a) =7 f R
| hl‘ HG L go R /JD C
|
7 W\ 1 {
Uniform thickness G r 7 f —f H
15g, (min.) 5 g ﬂ
2
0-25 Jgo but not less than Yain 6mm,
T Slope I:3 the minimum for either leg- This
(6b) g, (max.)

weld may be machined to a
& corner radius as permitted
1 in detail (5) in which case

g & weld 9 =%

o
Slope’ |:3 (mdx.) (7)

Fig. 42. Classification of flanges for calculation purposes (continued)

49

Documents

Document Sharing Hub

Full document details: BS 1515-2:1968


http://www.avadocuments.com/doc/bs-1515-2-1968
http://www.avadocuments.com/doc/bs-1515-2-1968

