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Foreword

This British Standard, first published in 1938 and
subsequently revised in 1942, 1954, 1967, 1975, 1986 and
1990, has been prepared under the direction of the
Pressure Vessel Standards Policy Committee. It
supersedes the 1990 edition which is withdrawn.

This British Standard forms one of a series for boiler
installations, the others in the series being:

BS 1113 Specification for design and manufacture of
water-tube steam generating plant (including
superheaters, reheaters and steel tube economizers)

BS 2790 Specification for design and manufacture of
shell boilers of welded construction

For information on the materials and the standard sizes of
steel pipes applicable to this standard, reference should be
made to the following standards.

BS 1387 Specification for screwed and socketed steel
tubes and tubulars and for plain end steel tubes suitable
for welding or for screwing to BS 2 1 pipe threads

BS 3600 Specification for dimensions and masses per
unit length of welded and seamless steel pipes and
tubes for pressure purposes

BS 3601 Specification for carbon steel pipes and tubes
with specified room temperature properties for pressure
purposes

BS 3602 Specification for steel pipes and tubes for
pressure purposes: carbon and carbon manganese steel
with specified elevated temperature propertnes

Part 1 Specification for seamless and electric
resistance welded including induction weided tubes

Part 2 Specification for longitudinally arc welded
tubes

BS 3604 Steel pipes and tubes for pressure purposes:
ferritic alloy steel with specified elevated temperature
properties
Part 1 Specification for seamless and electric
resistance welded tubes

Part 2 Specification for longitudinally arc welded
tubes

BS 3605 Austenitic stainless steel pipes and tubes for
pressure purposes

Part 1 Specification for seamless tubes

Integral piping for water-tube boilers as determined in the
scope and definition clauses of BS 1113 is excluded from
this standard and is dealt within BS 1113.

This 1993 edition incorporates all technical changes up to
and including Amendment No. 4 {16 Dec 1992) associated
with the 1990 edition. Changes of significance in these
amendments have included the development of the
following:

{a) matching of pipe bores and outside diameters for
butt welding;

(b) changes to the hydrostatic test;
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{c) issue of appendices for flexibility, evaluation of
stresses in branches subject to moment load, and
design by analysis;

(d) issue of enquiry cases for the use of butt welding
pipe fittings, and testing of pipe bends.
In this standard pressures are expressed as 'gauge’
unless otherwise stated.

Fluid pressure is expressed in bar except in the case of
calculations where N/mm? is used. 1 bar = 0.1 N/mm2 =
100 kPa.

A format has been adopted that will facilitate
amendment. It is intended to keep this standard up to
date by the issue of replacement or additional pages
when necessary. Each replacement or added page will
carry an issue number (with date} indicating its
relationship to the original issue of this standard, the
pages of which are marked ‘lssue 1'. For example:

Issue 1 will indicate an original page of, or one that
has been added to, the original issue of this standard
and has not been amended since insertion;

Issue 2 will indicate a first amendment of either an
original page or an added page;

Issue 3 will indicate a second amendment of either
an original page or an added page.

Side-lining on replacement pages will indicate that
changes of technical or reference significance have
been made at that point.

This British Standard sets forth engineering
requirements deemed necessary for the design and
construction of ferrous pipework for and in conjunction
with land boilers.

Because of the wide range of pipes and piping
installations that may be designed and manufactured in
accordance with this standard, general guidance has
been given on some aspects with specific requirements
being for agreement between the parties concerned
according to the particular design and manufacturing
details. The purpose of this standard, however, is
unchanged from previous editions.

It has been assumed in the drafting of this British
Standard that the execution of its provisions is
entrusted to appropriately qualified and experienced
people.

The purchaser is recommended as an aid to
demonstrating the pipework supplier's capability of
achieving the required quality level, to specify in his
contract, that the manufacturer operates a quality
system in compliance with the appropriate Parts of
BS 5750.

This standard is included in the list of 'Standards
significant to Health and Safety at Work' published by
the UK Health and Safety Executive {HSE}* and is also
referred to by HSE in giving guidance.

Compliance with a British Standard does not of itself
confer immunity from legal obligations.

*Health and Safety Executive, Baynards House, 1 Chepstow Place, London, W2 4TF.

(v)
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Section one. General

1.1 Scope

This British Standard specifies requirements for the
design and construction, including materials and design
parameters, workmanship, inspection and testing, for
ferrous pipes and piping installations for and in connection
with land boilers.

This standard applies to the following.

(a) The ferrous pipework connecting steam generating
plant to engine, turbine or industrial plant and all
ancillary steam and water pipework in connection
therewith.

{b) The pipes and pipe fittings forming parts of the
installations described in (a) for:

{1) pipes of any bore, where the pressure exceeds
3.5 bar; and

(2) pipes over 250 mm bore for steam at pressures
up to and including 3.5 bar.
NOTE 1. The term ‘pipe fitting” used in this standard includes
tees, elbows and special components, but excludes valves and
everything covered by BS 759 and BS 6759.
{c) Ferrous pipes and piping installations constructed in
materials used up to the design temperature limits
given in table 3.2.

This standard does not apply to the component parts of
the boiler unit or to integral piping which are dealt with in
BS 1113.

NOTE 2. Attention is drawn to the safety requirements specified
in section seven of BS 1113 : 1992 for certain valves and fittings

which may require installation in piping systems beyond the
scope of BS 1113.

NOTE 3. The titles of the publications referred to in this standard
are listed on the last page.

1.2 Interpretation

If any ambiguity is found or doubt arises as to the meaning
or effect of any part of this standard or as to whether
anything ought to be done or omitted in order to comply
with this standard in full, the question shall be referred to
the Piping Systems Technical Committee (PVE/10) of the
British Standards Institution, whose interpretation of the
requirements of this standard upon the matter at issue will
be given free of charge and shall be accepted as final and
conclusive. Parties adopting this standard for the
purposes of any contract shall be deemed to have
accepted this provision unless by their contract they either
expressly exclude it or else include an arbitration provision
extending the interpretation of this standard; however,
this provision shall be limited to interpretation and shall
not confer upon the committee any power or jurisdiction
to adjudicate upon the contractual rights or duties of any
person under a contract except in so far as they may
necessarily be affected by the interpretations arrived at by
the committee.

Findings or rulings of the committee upon all enquiries,
including matters of interpretation, that are of sufficient

BS 806 : 1993
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importance for both enquiries and replies to be made
public as soon as possible will be published in an
enguiry-reply form for inclusion in the BS 806 ring-binder
as Enquiry Cases. Their availability will be notified in BS/
News.

After taking into account any public comment thereon,
Enquiry Cases will be incorporated, if appropriate, into the
standard either by amendment or in the course of the next
convenient annual updating.

1.3 Definitions and prime symbols

1.3.1 Definitions

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

1.3.1.1 purchaser. The organization or individual who
buys the finished piping installation for its own use or as
an agent for the owner.

1.3.1.2 manufacturer. The organization that designs,
fabricates and erects the piping installation in accordance
with the purchaser’s order. The design, fabrication and
erection functions may be carried out by separate
organizations.

1.3.2 Prime symbols

The prime symbols used in the equations in this British
Standard are defined as follows.

D mean outside diameter* of the pipe {in mm)

d meaninside diameter* of the pipe (in mm}. This
should not be confused with nominal size, which is an
accepted designation associated with outside
diameters of standard rolling sizes.

& minimum thickness of the pipe calculated by the
appropriate equation (in mm)

. t, minimum thickness of the pipe before bending, i.e. t;+

bending allowance {in mm}

minimum thickness of the branch or main at the
branch position {in mm)

t mean thickness based on limiting thickness
tolerances of the ordered pipe (in mm)

7 design temperature (in °C)

design pressure {in N/mm32)
f maximum permissible design stress {in N/mm?2)
P, hydraulic test pressure {in N/mm2)

1.4 Information and requirements to be
agreed and to be documented

1.4.1 Information to be supplied by the purchaser

The following information shall be supplied by the
purchaser and shall be fully documented. Both the
definitive requirements specified throughout this standard
and the documented items shall be satisfied before a
claim of compliance with the standard can be made and
verified.

* The mean diameter for the purposes of calculation is the diameter midway between the maximum and minimum diameters possible

using tolerances specified in the tube manufacturing specifications.

1/1
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(a) The design pressure and temperature determined in
accordance with section two including any exceptional
conditions (see note 2 to 2.3).

NOTE. Itis the responsibility of the purchaser to ensure that

the installation is operated within the limits determined in
accordance with section two.

(b) The name of the Inspecting Authority, if any.

{c) Whether or not the purchaser or his representative
desires to witness any tests.

(d) Whether or not the purchaser desires to receive any
test certificates.

(e) Any special limitations, e.g. with respect to
composition, heat treatment, inspection (test category)
that are required in relation to the particular end use of
the pipes/piping system (see 3.1.1).

(f) The pipe internal surface conditions required before
erection, if not in accordance with 5.8.

1.4.2 Requirements to be agreed and documented

1.4.2.1 General. The items listed in 1.4.2.2 and 1.4.2.3 to
be agreed shall be fully documented. Both the definitive
requirements specified throughout this standard and the
documented items shall be satisfied before a claim of
compliance with this standard can be made and verified.

NOTE. Users of this standard should appreciate that a number of
items of agreement, i.e. those listed under 1.4.2.3, cannot be
agreed/documented at the time of placing the contract or order
for the pi:awork and do not necessarily apply in every case; they
make proisions for individual agreements that may be necessary
during the manufacturer’s operations to deal with certain
practical eventualities. It is important to distinguish these items
(1.4.2.3) from those listed in 1.4.2.2, which need to be agreed and
documented when the contract or order is placed.

1.4.2.2 Reguirements to be agreed and documented at the
contraci or order stage. The following items, as
appropriate, shall be agreed and documented.

(a) Design lifetime of piping installations (see 2.8).

(b) Basis for extrapolation of values of design
temperature (see general note (b) to table 3.2).

{c) Increased design stresses for certain alloy steels
{see note 6 to table 3.2).

{d) Maximum values for the forces and moments
that may be applied to the equipment to which the
pipes/piping installation are/is to be connected

(see 4.11.1).

(e) Waiver of the hydraulic test after erection for
Class H welded systems in cases where the pipe
joints are non-destructively examined in accordance
with 6.3.4 and the requirements of 6.1.1 have been
complied with before erection (see 6.2.2).

1.4.2.3 Requirements to be agreed and documented during
the manufacturer’s operations. The following items, as
appropriate, shall be agreed and documented.

(a) The use, for pressure parts, of materials not covered
by the British Standards referred to in table 3.1.2

{see 3.1.2.1(b)) and whether elevated temperature yield
point or proof stress properties related to tests in
accordance with BS 3688 are not required for such
materials (see 3.1.2.2.5).

(b) The heat treatment condition for materials not
covered by table 3.1.2, if an alternative to the condition
appropriate to the nearest equivalent British Standard
material is required (see 3.1.2.2.7).

(c) The use of cast steel straight pipes and bends,
including the areas to be inspected and the inspection
technigues to be adopted (see 4.5).

(d) The form of reinforcement for branch connections
to mains, if those specified in 4.8.5 and 4.8.6 cannot be
provided (see 4.8.3).

(e) The use of welds in accordance with processes
other than those covered by the standards specified in
5.3.1(a) (see 5.3.1(b}).

(f) Waiver of the hydraulic test for wrought steel pipes
where the only work of manipulation and fabrication
has been the welding of minor attachments subject to
internal pressure {see 6.1.3(b) (2)).

{g) The carrying out of non-destructive examination
before stress relief in the case of branch, socket and
attachment welds in carbon, carbon manganese, grade
620 and grade 621 alloy steels (see 6.3.2.2(b)).

(h) The appropriate level and category of certification of
personnel for non-destructive examination, where notin
terms of those obtained from an agreed nationally
accredited certification scheme (see 6.3.2.3).

1/2
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Section two. Design pressures and temperatures

2.1 General

For the purposes of this British Standard, the pressures
and temperatures for which pipes and pipe fittings are
designed shall be as specified in 2.2 t0 2.7.

2.2 Design pressure for steam piping

2.2.1 The design pressure for piping downstream of the
steam stop valve of the boiler shall be either:

(a) the design pressure of the boiler in the case of
boilers complying with BS 2790 or the maximum
permissible working pressure in the case of plant
complying with BS 1113; or

(b} for piping whose design stresses are
time-dependent (see table 3.2 and B.4) and the total
capacity of the safety valves on the superheater is not
less than 20 % of the evaporative capacity of the boiler,
the lowest pressure at which any superheater safety
valve is set to lift.

2.2.2 Inreheat systems where the design stresses of the
piping are time-independent, the design pressure shall be
the highest pressure at which any safety valve on the
reheat system is set to lift. When no safety valves are
mounted at the reheater inlet, the design pressure of the
reheater inlet piping shall be the highest pressure at which
any reheater outlet safety valve is set to lift, increased to
take account of the pressure drop through the reheater
corresponding to the most severe conditions of operation.

2.2.3 Inreheat systems where the design stresses of the
piping are time-dependent {see table 3.2 and B.4), the
design pressure shall be the lowest pressure to which any
safety valve on the reheat system is set to lift. When no
safety valves are mounted at the reheater inlet, the design
pressure of the reheater inlet piping shall be the lowest
pressure at which any reheater outlet safety valve is set to
lift, increased to take account of the pressure drop through
the reheater corresponding to the most severe conditions
of operation.

2.2.4 Forreduced pressure systems, it is permissible for
the pressure to be controlled at a value below that in the
originating piping system by a reducing valve or by the
pressure drop across a fixed restriction such as an orifice
or the blading of the turbine.

Where a protective device consisting of a safety valve or
valves or a suitable appliance for automatically cutting off
the supply of steam at a predetermined pressure is fitted,
the design pressure for piping systems, whose design
stresses are time-independent, (see table 3.2 and B.3)
shall be that to which the pressure under the most
arduous condition is limited by the proper operation of
such a device. Where similar provisions are made on
piping systems whose design stresses are
time-dependent (see table 3.2 and B.4}, the design
pressure shall be the highest controlled operating
pressure, provided that the average pressure in any one

year does not exceed that pressure and that the
fluctuations in controlled pressure at no time exceed the
design value by more than 20 %.

Where no protective device is fitted, the design pressure
shall be the greatest pressure therein attainable under the
most arduous operating condition, i.e. with the originating
piping system operating at its design pressure, with the
upstream valves (including any reducing valves or
restrictions) fully apen, and with the downstream valves
{other than non-return valves) fully closed.

The relieving capacity of safety valves (as determined in
accordance with BS 759 and BS 6759) fitted
downstream of pressure reducing valves shall be such
that the operating pressure limitation shall not be
exceeded by more than 10 % (see BS 6759 Part 1) if the
reducing valve fails in the open position with the
downstream valves {other than non-return valves) fully
closed.

2.3 Design temperature for steam piping

The design temperature for steam piping shall be:

(a) for main steam piping, the rated temperature at the
superheater outlet;

(b) for reheated steam piping, the rated temperature at
the reheater outlet;

(c) for other steam piping, the highest rated
temperature at the higher temperature end of the pipes.

In all cases the following limitations shall be satisfied in
service at design pressure conditions:

(1} the average temperature during any one year of
operation does not exceed the design temperature; and

{2) for systems having a rated temperature of 380 °C
and below, fluctuations in temperature do not exceed
the design temperature by more than 10 %,; or

(3) for systems having rated temperature above 380 °C:

(i} normal fluctuations in temperature do not exceed
the design temperature by more than 8 °C; and

(ii) abnormal fluctuations in temperature do not
exeed the design temperature by more than 20 °C for
a maximum of 400 h in any one year or 30 °C for a
maximum of 100 h in any one year or 40 °Cfor a
maximum of 60 h in any one year.
NOTE 1. Excursions above these limits may shorten the overall
life of the installation.
Where the maximum temperature will exceed these
limits, the design temperature shall be increased by the
amount of the excess.
NOTE 2. The limitsin (1), (2) and (3) represent realistic figures for
modern control systems and plant meeting normal load
demands. It is the responsibility of the purchaser to advise the
manufacturer, before design of the plant is commenced, of any
circumstances that could prevent these limits being complied
with (see 1.4.1(a)). It is the responsibility of the purchaser also to

ensure that the installation is operated within these or any other
agreed limits.
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2.4 Design conditions for feed piping

2.4.1 Design temperature

The design temperature shall be the rated temperature of
the section of pipe under consideration.

2.42 Design pressure

2.4.2.1 Pump suction. The design pressure shall be the
maximum pressure to which the pipework may be
subjected.

2.4.2.2 Pump discharge. The design pressure shall be the
pump pressure when handling cold water at 15 °C at full
rated speed against a closed valve. No additional
allowance to the design pressure need be made for pump
overspeed unless this exceeds full rated speed by more
than 10 % but where the speed exceeds this limit, the
design pressure shall be increased by the effect of the
excess in overspeed over 10 %.

Specific allowance shall be made for the effects of water
hammer if the results of pressure surges exceed the
design pressure by more than 20 %.

Where a safety valve or other protective device is fitted to
restrict the pressure to a lower value than the closed valve
pressure as defined in this subclause, the design pressure

shall be the highest set pressure thereof.

2.5 Design pressure for blowdown and
drain systems

2.5.1 The design pressure upstream and including any
shut off valve, control valve, or trap shall be that of the
upstream component to which they are connected, but
not less than 7 bar if the system is handling a flashing
liguid.

Where a control or restriction orifice is fitted, then this
shall be considered as a control or shut off valve.

2.5.2 The design pressure downstream from the last shut
off valve, control valve, trap or restrictor treated as a
control in accordance with 2.5.1 shall also comply

with 2.5.1, except that where:

(a) the downstream pipe has a cross-sectional area of
not less than 2.5 times the combined simultaneous
areas that can discharge into it; and

(b) further that this downstream pipe discharges freely
into an adequately vented receiver;

then the design pressure may be taken as one-half of the
upstream pressure specified in 2.8.1 but shall not be less
than 7 bar if the system is handling a flashing liquid.

2.5.3 The design pressure of a blowdown vessel or a
drain vessel shall be the maximum pressure that can be
imposed upon it in operation but not less than the lower
value of 7 bar or 25 % of the maximum permissible
working pressure of the boiler. The vessel, and vessel
component thicknesses however, shall also be capable of
sustaining the mechanical loads imposed thereon

(see 4.12.6).

NOTE. Attention is drawn to Guidance Note PM60 'Steam boiler

blow down systems’.
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2.6 Design temperature for blowdown and
drain systems

2.6.1 The design temperature for systems described
under 2.5.1 shall be that of the upstream component.
NOTE. Where the design stress is time-dependent, the design
lifetime will be the same as that of the upstream component
except where a control or restriction orifice is fitted between the
last valve and the drain discharge point when for that section of
pipe between the last valve and the orifice a reduced design
lifetime may be used if the drain is used intermittently.

2.6.2 The design temperature for systems described
under 2.5.2 shall be the greater of:

(a) the design temperature T (in °C) determined from:

7o — 41
1.15

T=

w @

where
Tg is the design temperature (in °C) of the component
from which the drain or blowdown system originates;

(b) the saturation temperature at the design pressure of
the system derived from 2.5.2.

NOTE. The reduced time design life for intermittent use is also
applicable to the systems covered by this subclause.

2.6.3 The design temperature 7 (in °C) of a blowdown
vessel, or drain vessel, or atmospheric vent shall be
determined from:

To — 41
1.15

7= (2)

where

Ts is the design temperature {in°C) of the component
from which the drain or blowdown system originates.

The design temperature shall neither be higher than the
highest design temperature of any pipe discharging into
the vessel nor lower than saturation temperature at the
vessel design pressure.

2.7 Design conditions for safety valve
discharge piping

2.7.1 The design pressure of the discharge piping shall be
the maximum pressure which can be imposed upon it, but
in no case less than 3.5 bar.

NOTE. For methods of calculating the design pressure, see
appendix A.

2.7.2 The capacity of the safety valve for the purpose of
calculation shall be 1-11 times the certified discharge
capacity as defined in BS 6759 : Part 1.

NOTE. The discharge piping system should be such as not to
create a built up back pressure, measured at the safety valve

outlet connection, of more than 12 % of the set pressure of the
safety valve, subject to a maximum of 17 bar. If the discharge

2/2
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piping system gives rise to a higher built up back pressure, the
design should be referred to the safety valve manufacturer for
agreement that the safety valve performance will not be
adversely affected.

2.7.3 The design temperature 7 (in °C) of safety valve
discharge piping shall be:
Ts — 41

1.15

T= (3)

where

Ts is the temperature (in °C) of steam at the safety valve
body inlet.

NOTE. For the purpose of calculatingethe thermal expansion of
the discharge pipe, a temperature 25 "C higher than this
design temperature should be assumed.

2.8 Design lifetime

An appropriate design lifetime shall be agreed between
purchaser and manufacturer (see 1.4.2.2(a)) for

BS 806 : 1993
Section two
Issue 1, September 1993

installations whose design temperature is such that the
nominal design stress given in table 3.2 is
time-dependent.

NOTE 1. The basis of design in this standard is that no
component remains in service after its operational hours have
exceeded the design lifetime. However, experience has
demonstrated that components designed in accordance with this
standard can be expected to exceed their design lifetime and
reference may be made to PD 6510 for procedures for assessing
their fitness for service and whether the life could be extended.

Components of certain alloy materials designed on the
basis of increased design stress value (see note 2) shall be
identified on the drawings and listed by the manufacturer.
Continued service reviews shall be instituted at not later
than two-thirds of the design lifetime.

NOTE 2. The design stress values of certain alloy materials
may be increased by agreement between purchaser and
manufacturer: see note 6 to table 3.2.

2/3
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Section three. Materials and maximum permissible design pressures,

temperatures and stresses

3.1 Materials

3.1.1 General

The selection of the materials of construction for piping
installations shall take into account the suitability of the
material with regard to weldability, forming, etc. and to the
conditions under which they will eventually operate.

Any special limitations, e.g. with respect to composition,
heat treatment and inspection {test category), that may be
required in relation to the particular end use of the
material shall be stated by the purchaser at the time of
enquiry and order (see 1.4.1(e)).

3.1.2 Materials/components for pressure parts

3.1.2.1 General. Each of the materials/components
selected shall either:

(a) comply with the appropriate British Standards given
in table 3.1.2; or

{b) by agreement between the manufacturer and the
purchaser (see 1.4.2.3(a)) comply with 3.1.2.2

NOTE. The requirements of this British Standard have been
drafted largely on the basis of experience with the materials
specified in the British Standards referred to in table 3.1.2; the
selection of such materials should therefore be preferred.
However, it is accepted that special circumstances may occur in
which the selection of materials other than those covered by
table 3.1.2 is necessary; the requirements of 3.1.2.2 have been
specified to provide a basis for material selection in such
circumstances.

3.1.2.2 Materials not covered by table 3.1.2

3.1.2.2.1 The materials shall be covered by a written
specification at least as comprehensive as the British
Standards listed in table 3.1.2 for the nearest equivalent
material. For ferritic steels, the phosphorus and suiphur
content shall not exceed 0.05 % (m/m)* each in the ladle
analysis.

NOTE. For ferritic steels intended for welding, the upper limit of

the carbon range (in the ladle analysis) should not exceed 0.25 %
(m/m). Steels with a higher carbon content that are intended for

welding may be used subject to appropriate welding procedures
and heat treatment.

3.1.2.2.2 The design stresses shall be determined in
accordance with the principles described in appendix B.

3.1.2.2.3 The deoxidation practice shall be appropriate to
the type of steel ordered. Semi-killed steel shall be used
only for seamless and welded tubes in carbon and carbon
manganese steels with an upper limit of the specified
tensile strength range of 640 N/mm? and with a
thickness not exceeding 100 mm. Rimming steel shall be
used only for welded tubes in carbon and carbon
manganese steel with an upper limit of the specified
tensile strength range of 490 N/mm? and under service
temperature conditions of 400 °C or less.

3.1.2.2.4 Minimum specified values for mechanical
properties at room temperature shall be proven by means
of acceptance tests covering tensile strength, yield stress
and elongation.

The specified minimum percentage elongation at fracture
referred to a gauge length of 5.65 'S tshall be
appropriate to the type of steel, with a lower limit of 16 %
for plates, 15 % for castings and 14 % for tubes and
forgings.

The rate of testing and methods of acceptance testing
shall be generally in alignment with the appropriate British
Standards for similar product forms.

3.1.2.2.5 For all pressure parts, elevated temperature yield
point or proof stress properties related to tests in
accordance with BS EN 10002-5 shall be specified unless
otherwise agreed between the purchaser and the
manufacturer (see 1.4.2.3(a)).

Where no elevated temperature yield point or proof stress
property values exist or where the material cannot be
related to anather material for which values exist, property
values shall be verified using the procedure described in
BS 3920 or shall be established by the recognized
standards of other countries.

Table 3.1.2 British Standards covering materials/components for ferrous pipes and piping installations

Steel pipes Pipe fittings

Iron castings (see note)

Steel castings | Flanges and bolting Forgings

BS 1387, BS 3601,

BS 3602 : Parts 1 and 2,
BS 3604 : Parts 1 and 2,
BS 3605 : Part 1

BS 143 and 1256,
BS 1640, BS 1740,
BS 1965: Part 1,
BS 3799

BS 1452 grade 220,
BS 2789 grade 420/12,
BS 4622, BS 4772

BS 1504 BS 10, BS 1560,

BS 4504, BS 4882

BS 1503

|

see 4.6.

NOTE. Grey iron castings, pipes and fittings shall not be used for applications where the design temperature exceeds 220 °C.
Ductile iron castings, pipes and fittings shall not be used for applications where the design temperature exceeds 350 °C,

* Percentage by mass.

t S, is the original cross-sectional area of the gauge length of the tensile test specimen (see BS 1 8).
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3.1.2.2.6 Stress rupture properties derived from creep
rupture testing shall be specified for materials which will
be used in the creep range. The manufacturer of the
pipework installation shall be assured by the material
supplier that the product supplied is capable of complying
with thg specified properties by a statement that the
manufacturing processes have remained equivalent to
those for the steel for which the test resuits were
obtained.

3.1.2.2.7 Materials shall be supplied in heat treated
condition appropriate to the nearest equivalent British
Standard material unless otherwise agreed between the
purchaser and the manufacturer (see 1.4.2.3(b)}.

Electric resistance welded or induction welded tubes shall
be used in the as welded condition only where the
specified upper limit of tensile strength does not exceed
540 N/mm?2.

3.1.3 Materials components, for non-pressure parts, not
covered by British Standards

For supporting lugs and other attachments welded to
pipework, the material shall be of established identity and

RI GHT
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shall be of recognized compatibility with the
materials/components to which they are attached.

3.2 Maximum permissible design
pressures, temperatures and stresses

The pressure and temperature limits within which pipes
and pipe fittings of various materials are permitted to be
used and the maximum design stress values shall be as
given in table 3.2, (see also 1.4.2.2(c)}.

NOTE 1. The design stresses given in table 3.2 have been derived
in accordance with appendix B.

NOTE 2. No stresses have been tabulated for pipe complying
with BS 1387 or BS 3601 —BW 320. Such pipe up to 150 mm
nominal size may be used for pressure not exceeding 21 bar and
temperatures not exceeding 260 °C provided that it is at least of
the medium thickness specified in BS 1387. The pressure and
size limit is reduced when the pipe is used with screwed and
socketed joints (see table 4.7.4(1)).

NOTE 3. The thickness of cast iron straight pipe and fittings
should be in accordance with 4.6. Where design stresses are
required the following may be used:
BS 1452 grade 220: 21 N/mmZ2 for temperatures not
exceeding 220 °C;
BS 2789 grade 420/12: 84 N/mm? for temperatures not
exceeding 350 °C.
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Section four. Design

4.1 General

The pipes and piping installations shall be designed in
accordance with 4.2 to 4.13 to withstand the design
pressure (see section two) at the design temperature (see
section two) sustained, where relevant, for the design
lifetime (see 2.8).

NOTE 1. This section also covers the assessment of stresses
arising from the thermal expansion and deadweight loading of
piping systems.

NOTE 2. Pipework designed in accordance with this section is
suitable for 104 cycles at full pressure {zero to design pressure)
and/or full temperature (ambient to design temperature).

4.2 Thickness of wrought steel straight
pipes

The minimum thickness t; (in mm) of straight pipes shall
be calculated in accordance with either (a) or {b):

{(a) using the outside diameter as the basis for
calculation:

D
te= P (4)
2fe + p
{b) using the inside diameter as the basis for
calculation:

d
t= —PL (5)
2fe — p

For (a) and (b) above

p isthe design pressure (in N/mm?2);

D is the mean outside diameter (in mm);
d is the mean inside diameter (in mm);
f

is the maximum permissible design stress (in
N/mm?2) for the material in accordance with 3.2;

e is afactor, having the following values:

e= 1.0 for seamless and for electric resistance
welded and induction welded pipes
complying with BS 3601, BS 3602 : Part 1,
BS 3604 : Part 1 and BS 3605 : Part 1;

e = 1.0 for longitudinally arc welded pipes
complying with BS 3602 : Part 2 and
BS 3604 : Part 2;

e = 0.9 for submerged arc welded pipes complying
with BS 3601.

NOTE 1. The value of t; determined from equations (4) and (5) is

the minimum thickness of straight tubes and further provision
will be needed for minus thickness tolerances, where necessary.

NOTE 2. Designers’ attention is drawn to 5.3.3.1(c).

4.3 Wrought steel bent pipes

NOTE. Pipe bends may be made by various forming processes or
by welding together halves pressed from plate. The design
thickness requirements specified in this clause apply to alt
processes.
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4.3.1 Thickness of bends

Bends shall have a minimum wall thickness not less than
t; except in the cases of 4.3.2.1(b) and (c). The minimum
thickness t,, of a straight pipe from which a pipe bent to a
radius in accordance with table 4.3.1 is to be made shall
be determined from equations (6} or (7}, except where it
can be demonstrated that the use of a thickness less than
t, would not reduce the thickness below ¢; at any point
after bending.

For pipes 219.1 mm outside diameter and below, and for
pipes above 219.1 mm outside diameter bent to the radii
given in column 2 of table 4.3.1, t,, shall be given by:

t, = 11254 (6)

For pipes above 219.1 mm outside diameter, where tis
32 mm or more, bent to the radii given in column 3 of
table 4.3.1, t, shall be given by:

t, = 1.1¢ (7)
The value of t, is the minimum thickness and provision
shall be made for minus tolerances.

NQOTE. Manufacturing considerations may make it necessary for
pipes thicker than this minimum to be used.

4.3.2 Radii of bends

4.3.2.1 Pipes complying with BS 1387 and BS 3601 shall
not be bent to radii less than those given in table 4.3.1.

Other pipes of a thickness determined as in 4.3.1 shall not
be bent to radii less than those given in table 4.3.1 unless:

{a) it can be demonstrated that the use of this thickness
will not reduce the thickness at any point after bending
to below t;; and

{b) where the design stress is time-dependent and the
bend radius is less than 3 times the inside diameter, the
intrados thickness t; (in mm} shall not be less than that
calculated from the following:

t =t x ﬂ;or (8)

2R — 2r

(c) where the design stress is time-independent and
the bend radius is less than 1.5 times the inside
diameter, the intrados thickness ¢; {in mm) shall not be
less than that calculated from the following:

tf x 2R -t
1.25 2R - 2r
For (b) and (c) above

t = {9)

R is the radius of the bend (in mm);
r is the mean radius of the pipe {in mm).

4.3.2.2 There is a minimum thickness for each size of
pipe, dependent on bending procedure, below which the
allowance for thinning will be exceeded, and in such cases
the radius given in table 4.3.1 shall be increased, where
necessary, to ensure that the thickness is not below #; at
any point after bending.

4.3.2.3 Minimum radii of bends of carbon manganese
niobium and alloy steel pipes which are cold bent without
subsequent heat treatment, shall comply with 5.2.2.
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4.3.2.4 For pipesrolled to a specified inside diameter, the
minimum bending radii and corresponding thinning
allowance shall be that applicable to the nearest outside
diameter listed in table 4.3.1 greater than that resulting
from the specified inside diameter plus 2¢,.

Table 4.3.1 Minimum bending radii for wrought
steel bent pipes
Qutside Radii measured to centre line of pipe
diameter
t, = 1.125 tfor t, = 1.1 tywhere
all thicknesses t;= 32mm or above

mm mm mm

26.9 65

33.7 75

42.4 100

48.3 115

60.3 150

76.1 190

88.9 230
101.6 265
114.3 305
139.7 380
168.3 460
193.7 630
219.1 710
2445 810 1140
2730 1020 1270
3239 1220 1520
355.6 1500 1780
406.4 1730 2030
457.0 2030 2280

4.4 Gusseted bends

441 General
There are two types of gusseted bends: mitred

(segmental) bends which shall comply with 4.4.2 and
cut-and-shut bends, which shali comply with 4.4.3.

4.4.2 Design of gusseted bends: mitred {segmental)

4.4.2.1 Mitred bends shall not be used at a design
temperature above 400 °C.

4422 Mitred bends shall be fabricated from separate
pieces of pipe cut in a plane other than perpendicular to
the pipe axis and welded together. Mitred joints shall be
made only by cutting the faces of adjacent segments at
the same angle which shall not exceed 15°, as shown in
figure 4.4.2.2.

4.4.2.3 The ratio of the inside diameter to the mean
thickness of the bend shall be not less than 20 nor more
than 200.

4.4.2.4 The minimum thickness ¢, (in mm) of the pipe wall
at a mitred bend shall be not less than the following.

Where the outside diameter is the basis for the
calculation:

D

l‘g = — (10)
2X + 1
Where the inside diameter is the basis for the calculation:
d
tg= ——— (11)
2X — 1

where
D is the mean outside diameter {in mm);
d is the mean inside diameter (in mm);

X is found from figure 4.4.2.4 with e, fand p as defined
in4.2.

The value of tg is the minimum thickness for mitred bends,
and provision shall be made for any minus tolerance.
NOTE. Manufacturing considerations may make it necessary for
pipes thicker than this minimum to be used.
4.4.2.5 The distance between mitred joints measured
along the centre line of the pipe shall be notless than L,
(inmm) (see figure 4.4.2 2):

Ly =Cr (12)
where
r is the mean radius of the pipe, based on mean
thickness (in mm);

c = 1'833 + 2tana; (13)

\r/t

a is asshowninfigure 4.4.2.2;
t is the mean thickness of the pipe (in mm).

NOTE. It may be necessary to increase the distance between
mitred joints to a figure greater than L, either from
constructional considerations or to satisfy the requirements for
attachment of branches or brackets.

4.4.2.6 The minimum thickness, iy, shall be maintained
for a distance of at least L, on either side of the joint
measured axially along the centre line of the pipe (see
figure 4.4.2.2).

4.4.27 Itis permissible to weld attachments to bends
designed in accordance with 4.4.2.5 for supporting and
other purposes. If attachments are made across one or
more mitred joints, the distance measured from the edge
of an attachment to the centre line of the next mitred joint
shall be at least 1.833 \rt (see figure 4.4.2.2). Where
attachments are made across mitred joints, flexibility
factors require special consideration.

4.4.3 Cut-and-shut bends

Cut-and-shut bends shall not be used for design pressure
or temperature conditions exceeding 21 bar or 260 °C.
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4.5 Thickness of cast steel straight pipes
and bends

The use of cast steel pipes and bends shall be restricted to
inspection categories |, Il and V of BS 1504.

Cast steel straight pipes and bends shall be used only by
agreement between the purchaser and the manufacturer
(see 1.4.2.3(c)). Where such pipes and bends are used, the
areas to be inspected and the inspection technigues to be
adopted shall also be agreed between the purchaser and
the manufacturer (see 1.4.2.3{c)).

Where cast steel straight pipes and bends are to be butt
welded to wrought pipes, the butt weld ends shall be
included in the areas of inspection and, if the casting is
manufactured from 2% % Cr or CrMoV steels, the
suitability for ultrasonic examination shall be confirmed by
attenuation checks in accordance with 9.3 of BS 6208 :
1982.

The minimum thickness t; (in mm) of cast steel straight
pipes and bends, determined from equation (14), shall not
be less than 9.5 mm:

pd

R — (14)
20F — p

tf=

where
p is the design pressure (in N/mmZ2);
d is the inside diameter of the pipe (in mm);

f is the maximum permissible design stress (in
N/mm2) for the material {see 3.2);

F is the casting quality factor, the value of which is
dependent on the inspection category as follows:

(a) 1.0for plain cylindrical areas local to butt weld
ends up to a maximum distance of 2.5¢, where tis
the mean thickness of the pipe (in mm) from the
butt weld and where the whole of this area is
inspected to a standard not less than severity
level | of ASTM E186, E280 or E446* whichever
is applicable;

(b} 0.9 for castings inspected to category | of

BS 1504 except butt weld ends as specified in (a);

(c) 0.8 for castings inspected to category |l of
BS 1504 except butt weld ends as specified in (a);

{d) 0.7 for castings inspected to category V of
BS 1504, except butt weld ends as specified
in (a).
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4.6 Thickness of cast iron pipes and fittings

Cast iron pipes shall not be used for steam or blowdown
duties under any conditions.

Grey iron pipes and fittings shall not be used when the
design temperature exceeds 220 °C.

Ductile iron pipes and fittings shall not be used when the
design temperature exceeds 350 °C.

The minimum thickness for grey iron pipes and fittings
when used for duties other than steam or blowdown shall
be in accordance with BS 4622 for the applicable
conditions.

The minimum thickness for ductile iron pipes and fittings
when used for duties other than steam or blowdown shall
be in accordance with BS 4772 for the applicable
conditions.

4.7 Joints

4.7.1. The flanges and bolting for ordinary bolted flange
joints shall comply with BS 4504 : Section 3.1 or BS 1560 :
Section 3.1 for flanges which are dimensioned in millimetres
or with BS 10 for flanges which are dimensioned in inches.
Gasket selection (material, thickness, etc.) shall be such that
the gasket factor and seating stress are consistent with the
flanges and bolting.

NOTE. Special joints and special types of flange may be used

provided that they are shown to be suitable for the design
conditions.

4.7.2 Butt welded joints shall comply with 5.3.

4.7.3 ltis permissible to use socket weld joints with
carbon and low alloy steel pipes not exceeding 60.3 mm
outside diameter, but such joints shall not be used where
fatigue, severe erosion or crevice corrosion is expected to
occur.

The thickness of socket weld fittings shal! be in
accordance with 4.2, but shall be not less than 1.25 times
the nominal thickness of pipe or tube. The throat
dimension of the fillet weld shall be not less than the
nominal thickness of the pipe or tube. The material shall
be compatible with the associated piping.

Socket weld fittings shall be of forged steel. The
dimensions and clearances of the socket end shall comply
with BS 3799.

The welding of socket weld joints shall be in accordance
with BS 2633, BS 2971 or BS 4677, as appropriate.

4.7.4 Screwed joints shall not be used in service where
severe erosion, crevice corrosion, shock or fatigue is
expected to occur.

* ASTM E186 'Standard reference radiographs for heavy-walled (2 to 4% in. (51 to 114 mm)) steel castings’

ASTM E280 ‘Standard reference radiographs for heavy-walled (4% to 12 in. (114 to 305 mm)) steel castings’
ASTM E446 'Standard reference radiographs for steel castings up to 2 in. (51 mm} in thickness’

The ASTM standards are published by the American Society for Testing and Materials (ASTM) and copies of the radiographs may be
examined at the offices of the Steel Castings Research and Trade Association (SCRATA) at the following address, by prior
appointment only, at no charge: 5 East Bank Road, Sheffield S2 3PT.
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Where screwed joints are used they shall comply with the
following.

{a) Screwed joints between pipes complying with

BS 1387 and fittings complying with BS 1740 are

Table 4.7.4(1) Maximum permissible pressures
for screwed joints using pipe complying with
BS 1387 and fittings complying with BS 1740

permitted at temperatures not exceeding 260 °C and
wi5iin the pressure limits given in table 4.7.4(1).

(b} Screwed joints with fittings complying with BS 143

Joint type

& 1256 are permitted at temperatures not exceeding
260 °C and within the pressure limits given in table
4.7.4(1) but subject to further limitation given in 8BS 143
& 1256.

(c) Screwed joints are permitted at temperatures
exceeding 260 °C and size/pressure limits in excess of
those given in table 4.7.4(1) providing the following
conditions are satisfied:

(1) all threads are tapered unless pressure tightness
depends on a seal weld or a seating surface other
than the threads and experience or test demonstrates
the suitability of the joint;

(2) pressure/temperature ratings in appropriate
component standards, e.g. BS 3799, are not

Nominal Maximum pressure
pipe size for temperatures
not exceeding 260 °C
mm bar
6 10.5
8 10.5
10 10.5
15 10.5
20 10.5
25 105
32 9.0
40 9.0
50 125
65 12.5
80 10.5
100 8.0

Taper/paralle!
Taper/parallel
Taper/parallel
Taper/paraliel

Taper/parallel
Taper/parallel
Taper/parallel
Taper/parallel

Taper/taper
Taper/taper
Taper/taper
Taper/taper

exceeded;

(3} the minimum specified tensile strength of
screwed pipe is greater than 330 N/mm?Z;

{(4) the thickness of screwed pipe is not to be less
than that given in table 4.7.4(2);

(5) the design temperature does not exceed 495 °C;

NOTE. The efficiency of the taper/parallel screwed joints
is highly dependent on the degree of care taken in
assembly and on the jointing compound used.

Taper/taper screwed joints are less sensitive to jointing

techniques and external forces.

This table excludes screwed-on flanges {see 5.5.3).

(6) the pressure limits given in table 4.7.4(3) are not

exceeded.
{d) Screwed joints are permitted for temperatures in

Table 4.7.4(2) Minimum thickness of screwed

pipe complying with 4.7.4(c)

excess of 495 °C and pressures in excess of those given
in table 4.7.4(3) for instrument insertions and tappings
and for plugs for access openings for radiographic
inspection providing the following conditions are
satisfied:

{1) they do not exceed 50 mm nominal size or

one-quarter of nominal pipe size, whichever is the
smaller;

(2) the minimum thread engagement is not less than:
6 for up to and including 20 mm nominal bore;
7 for over 20 mm up to and including 40 mm
nominal bore;
8 for over 40 mm up to and including 50 mm
nominal bore;

Nominal Minimum thickness

pipe size
17.5 bar and less for Over 17.5 bar for
steam steam
7 bar and less for water | Over 7 bar for water
over 1056 °C over 105°C

mm mm mm

8 2.24 3.02

10 2.31 3.20

15 277 3.75

20 2.87 3.91

25 3.38 455

32 3.56 4.85

40 3.68 5.08

50 3.91 554

65 5.16 7.01

80 5.49 7.62

(3) the connection is seal welded;

(4) the design of instrument insertion withstands the
fluid characteristics, fluid flow and any vibrations.

(e) Screwed joints are permitted for pressures in

Table 4.7.4(3) Maximum pressure for screwed

pipe complying with 4.7.4(c)

excess of those given in table 4.7.4(3) up to 345 bar for
dead end instrument lines at the outlet end and

Nominal pipe size

Maximum pressure

downstream of shut-off valves and instruments, control
apparatus or discharge of a sample cooler providing that
the nominal size of pipe does not exceed 12 mm.

4.7.5 Sleeve welded joints shall not be used.

mm

Over 50 up to and including 80
Over 25 up to and including 50
Over 20 up to and including 25
Up to and including 20

bar

275

415

83
103.5
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4.8 Branches

4.8.1 General

Branches shall not be welded to any main at an included
angle less than 60 °.

4.8.2 Branch connections to mitred gusseted bends

Branch connections shall be made to segments only if
their inside diameters do not exceed 10 % of the diameter
of the main. Branches shall be designed in accordance
with 4.8.3 and 4.8.4. The distance measured from the
intersection of the bore of the branch with that of the main
to the centre line of the nearest mitred joint shall be not
iess than the greater of:

1.833 \/(dy+t)xt,2 or 1.833 ] (D) - ;) X £;/2
or

d2

sin y

where
t, is the mean thickness of the main {in mm);
D, is the mean outside diameter of the main (in mm);
d, is the mean inside diameter of the main (in mm);
d, is the mean inside diameter of the branch (in mm);

v is the angle between the branch and the main (in
degrees).
NOTE. The dimensional parameters are illustrated in figure 4.8.2.

4.8.3 Reinforcement and branch thickness

Whenever possible, the form of the reinforcement
provided shall be by either (a} or (b):

{a) when the thickness of the mainis not
predetermined, by providing main and branch in
accordance with 4.8.5; or

(b} when the thickness of the main is predetermined, by
providing a branch in accordance with 4.8.6.

When reinforcement in accordance with either (a) or {b)
cannot be provided, other means of reinforcement, the use
of which has been substantiated by adequate relevant
service experience or by experimental or theoretical
analysis, shall be agreed between the purchaser and the
manufacturer (see 1.4.2.3(d)).

When branch connections are reinforced in accordance
with (a)} or (b), the ratio of branch thickness to main
thickness shall comply with the following limitation:

t, D,
T =< (2 - D_J
where

D, is the mean outside diameter of the main {in mm);

D, is the mean outside diameter of the branch (in
mm);

t, is the mean thickness of the main (in mm);
t, is the mean thickness of the branch (in mm);

In no case shall the thickness of the main or branch be
less than t;, determined in accordance with 4.2,

BS 806 : 1993
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It is preferable for main and branch to be of the same
material, but in no case shall branch material have an
allowable stress of less than 75 % of that of the material
of the main. No credit shall be taken where the branch
material has an allowable stress that is greater than that
of the main.

The minimum branch thickness t 5, determined from
equation (20), assumes the same material for branch and
main. if the branch is of a material having a lower
allowable stress than the main, then the branch thickness
shall be increased in the ratio of allowable stress.

Branches designed in accordance with 4.8.5 or 4.8.6 shall
be ‘set on” full penetration welded, or non-protruding ‘set
in’ full penetration welded, or shall be of homogeneous
construction.

4.84 Branch systems

In assessing main and branch thickness in accordance
with 4.8.5 and 4.8.6, it shall be determined whether
branches affect each other by calculation of:

L

15
dy + g (18)

where

L is the distance between perpendiculars projected
from the openings of adjacent branches to the
centre line of the main (in mm) (see figure 4.8.4);

d,, and d, are the mean inside diameters of the
branches under consideration {in mm). The
subscripts m and n represent the branch suffixes
a, b and ¢, etc (see figure 4.8.4).

Branches shall be deemed to affect each other if the value
calculated from expression (15} is less than one; they shall
be deemed not to affect each other if the value is greater
than or equal to one.

in calculating the thickness required, each branch shail be
considered in turn together with all the branches by which
it is affected (see figure 4.8.4 for typical examples).

4.8.5 Reinforcement in accordance with 4.8.3(a)
{proportional thickening of main and branch)

4.8.5.1 Branch not affected by any other branch. The
minimum thicknesses of the branch t,,» (in mm} and the
main t,1 {in mm) shall be determined from equations {16)
and(18) or(17) and (19).

£, = PPy (16)
m 2f,e,x+ p
or
t, = Py (17)
2f,e,x-p
tmy = _pDy (18)
2fiex + p
or
2fiex — p
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where

p is the design pressure (in N/mm?2);

D, isthe mean outside diameter of the main (in
mm);

D, isthe mean outside diameter of the branch (in
mm);

Dy, = Dyfsiny

d, is the mean inside diameter of the main (in
mm);

d, is the mean inside diameter of the branch (in
mm);

sz = dz/sin Y

fi is the allowable design stress of the main (in
N/mm?) (see 3.2);

f, is the allowable design stress of the branch (in
N/mm?) {see 3.2) but not greater than f;;

ey is the factor given in 4.2 particular to the main;

e, is the factor given in 4.2 particular to the
branch;

X is the factor from figure 4.8.5.1 read against

d,,/d,. Where d,, /d; does not exceed 0.3; the x
value derived from figure 4.8.5.1 shall be used
only to determine main thickness, and the
branch thickness shall be determined by using
an x factor of 1.0.
NOTE 1. The minimum branzh thicknesses as calculated are a .
function of the branch inside or outside diameter used in the
calculation according to the equation used. If practical availability
considerations require that the branch inside or outside diameter
be increased above the value used in the calculation, then ., has
to be recaiculated.

NOTE 2. The values of t 4 and t,; are minimum thicknesses and
further provision has to be made for minus tolerance.

4.8.5.2 A branch affected by one or more other branches.
The thickness of the main shall be determined from

z is read from curve figure 4.8.5.2(1) by entering at
x, and reading from the appropriate d,,/d, line;

X, is as defined in equation (27);

n = g,9,9; for each group of branches considered
(see equation (25));

ta is the actual minimum thickness of main at

junction with branch, i.e. minimum measured
thickness where pipe is available, or ordered
thickness less tube maker’s tolerance (in mm);

h is read from curve figure 4.8.5.2(2) by entering at
Zn,
g1 =1-C4(1-Y)
gs =1-C,(1-Y) (25)
gz =1-C3(1=-Y)
y =P+t (26)
2f1€1ta

where d4, f1 and e are in accordance with 4.8.56.1;

Cy, €, C; are functions of the distances between the
branch being considered and the branch or
branches affecting that branch. The C value
is obtained from table 4.8.5.2;

L is the distance between projections of branch
inside diameters, do, and dy,,, where the
subscripts m and n represent the branch
designations under consideration (see
figures 4.8.4(b} to 4.8.4(d});

J

Xy = — (27)
Y

J = 2.2except where d,,/d, = 0.3, when J = 2.5;

Y is as calculated from equation (26).

Where x, is less than 2.5, the main thickness, t,, is
inadequate and shall be increased.

{
equation (18) or (19) using the x factor applicable to the | Table 4.85.2 FactorC
largest d2Y of the group.
NOTE. Where dzy/d1 ratio exceeds 0.8, in order to limit iteration it L c
is suggested that the main thickness obtained from equation (18} g+ d-
or (19) be muiltiplied by the factor 1.26 d,. /d,. 2m ™ Tan
The thickness of each branch shall be obtained from 1 or greater 0
equation (20), except that where d,, /d; < 0.3 and the 0.9 0.10
mean diameter of the branch (d, + t) complies with the 08 0.34
limitation of inequality (23), the branch minimum
thickness t_, shall be t; obtained from equation (4) or (5) 0.7 0.66
of 4.2 0.6 0.80
K 05 0.90
t, = —— do. (20)
m2T oK 0.4 0.94
where 0.3 0.97
P’ 0.2 0.98
K =4 /— (21
zZn 0.1 0.99
0 1
inwhiche = 2ta or 2ta (22) |
41, Dy -1, NOTE. Intermediate values
dr +ts < hd (23) may be obtained by linear
interpolation.
inwhich d=v21,(dy + 1,) or V21, (D; - t,) (24)
4/6
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4.8.6 Reinforcementin accordance with 4.8.3(b)
(branch reinforcement when the thickness of the main is
predetermined)

4.8.6.1 Branch not affected by any other branch. The
branch thickness shall be determined from equation {20)
or inequality {23) (see 4.8.5.2) in conjunction with
equation (27), using a value of n = 1 for these equations.

4.8.6.2 Branch affected by one or more other branches.
All branch thicknesses shall be determined from
equation (20) or inequality (23) in conjunction with
equations (25), (26) and (27).

4.8.7 Length of branch reinforcement

The additional thickness of the branch determined from
equations (16), (17} and (20) for reinforcement shall
extend for a distance not less than /D, t.,, measured

from the outside diameter of the main along the centre
line of the branch (see figure 4.8.4(a}).

4.8.8 Mains {see figure 4.8.4)

The additional thickness of a main for branch reinforce-
ment shall, in the case of a branch not affected by any
other branch, extend on each side of the branch for a
distance that is not less than d,,. The distance shall be
measured from the periphery of the branch inside
diameter.

Where the branch is affected by one or more other
branches, the main reinforcement distance shall be as
shown in figure 4.8.4.

NOTE. Appendix C gives worked examples of reinforcement.

4.9 Safety valve discharge piping and
safety valve mounting

4.9.1 The safety valve discharge piping shall comply
with 2.7.

NOTE. For guidance on safety valve mounting, see appendix B of
BS 6759:Part 1:1984.

Discharge piping shall have a bore not less than the bore
of the outlet connection of the safety valve. The discharge
pipes shall be as short and straight as possible. Each
discharge system shall have an individual and unrestricted
drain for every part of the system. The drain shall be laid
with a continuous fali to a place where the discharge
cannot injure any person.

Discharge pipes shall be so arranged that no excessive
loads are imposed on the safety valve under any
conditions. Where an expansion chamber is used, this
shall be properly anchored and shall make allowance for
the hot and cold positions of the safety valve outlet
branch. It shall be so positioned that in the hot position the
safety valve outlet branch is concentric with the
expansion chamber. Where an expansion slip joint only is
used, this shall be properly restrained against upward
thrust.

The design shall ensure that the discharge pipe
immediately downstream of the valve, but upstream of
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the slip joint, if one is fitted, is as short as possible, and
complies with any requirements for dimensions that the
valve manufacturer may advance,

If the details of the discharge pipe are not specified by the
valve manufacturer, the design of this pipe shall be carried
out in liaison with the valve manufacturer in order that the
valve performance will not be affected in any way by the
design of the discharge pipe.

4.9.2 Discharge piping incorporating an expansion
chamber or slip joint shall be of an adequate diameter so
that the operating pressure applying immediately on the
discharge side of the expansion chamber or slip joint will
not cause steam to blow back in the immediate vicinity of
the fittings.

4.9.3 Where flexible bellows are used, they shall comply
with the following.

(a) Aninternal liner or sleeve shall be fitted and
attached to the body of the bellows fittings, at the inlet
end, with a continuous strength weld. The contour
internally shall be as smooth as possible and the bore of
the internal liner or sleeve shall not be less than that of
the adjacent inlet piping.

(b} The bellows shall be designed to contain end thrust
unless the adjacent piping is adequately anchored to
cater for such thrust.

(c}) The annulus between the internal sleeve and the
bellows shall be drained.

(d) The design of the bellows shalil be such as to
withstand vacuum conditions which may be created in
the annulus.

NOTE. See also BS 6129 Part 1.

4.10 Expansion allowance

The allowance for expansion in millimetres per metre of
piping at various temperature ranges shall be as given in
table 4.10.

NOTE. For coefficients of linear expansion see appendix D.

4.11 Flexibility

4.11.1 General

Maximum values for the forces and moments that may be
applied to the connected equipment shall be agreed
between the purchaser and the manufacturer (see
1.4.2.2(d)).

Anchors shall be designed to ensure that there is no
slipping or twisting of the pipes.

Where terminal forces and moments are of a critical
nature (see 1.4.2.2(d}}, a balanced erection procedure for
the pipework shali be considered (see 5.10).

The pipes shall be arranged so that the system is
sufficiently flexible to ensure that the end reactions, under
any operating conditions either hot or cold within the
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Table 4.10 Expansion allowance

Temperature | Expansion
Carbon and BS 3604 | Austenitic Cast
low alloy steel stainless iron
steel 762 steels

°C mm/m mm/m | mm/m mm,/m

20to 50 0.36 0.33 0.49 0.29

2010 100 0.98 0.88 1.34 Q.78

2010 150 1.62 1.45 220 1.27

2010 200 2.30 2.04 3.08 1.76

2010 250 3.00 2.64 3.99

2010 300 373 3.25 492

2010 350 449 3.88 5.86

2010 400 5.27 453 6.83

20t0 450 | 6.08 519 7.82

201to 500 6.92 5.86 8.83

2010 550 7.79 6.55 9.86

20to 600 8.68 7.26 10.91

201to 650 11.99

20t0 700 13.08

20t0 750 14.19

limits of the design temperature and pressure, do not
exceed'these maximum values. The pipes shall also be
arranged so that the system is sufficiently flexible to
absorb the whole of its own expansion and that of the
connecting equipment without exceeding the
requirements specified in 4.11.2. Where practicable, the

(d} Linear and rotational behaviour of connecting
equipment shall be taken into account.

(e} Flexibility and stress intensification factors for
bends and branches shall be utilized (see figures
4.11.1(1) 10 4.11.1(8)). The flexibility factor for single
mitred bends shall be taken as unity. A flange correction
factor of bend stress intensification and flexibility shall
be used where applicable {see figure 4.11.1(9)). in no
case shall the product of the stress intensification factor
and the flange correction factor be taken as less than
unity.

(f) The thermal expansion shall be determined from
table 4.10 or appendix D.

(g) The modulus of elasticity shall be determined from
table 4.11.1.

(h) Pipe effects on connecting equipment due to .
thermal behaviour of the system shall have a sign

convention to indicate the forces and moments

imposed on the equipment.

The purchaser shall be advised on the basis of the
calculations, e.g. whether deadweight has been taken
into account, whether they are based on expansion and
cold pull only, and also what allowances have been
included to cover for practical variations on applied cold
pull, for tolerances on pipe dimensions, pipe supports,
etc., configuration and other relevant factors.

(i) The pipe dimensions used in flexibility calculations
shall be the mean thickness, t, and mean outside
diameter, D (or mean inside diameter, d) as defined in
1.3.2.

requisite flexibility shali be provided in the layout of the ..
piSes Y P y Table 4.11.1 Typical values of modulus of elasticity
Where Iapk of space or other conside.ratio-ns. prohibit the Temperature | Modulus of elasticity
use of this method, the use of expansion fittings shall be '
permitted, provided that the limitations imposed by Carbon steels | Alloy Alioy Austenitic
maximum design pressure, drainage, etc. are taken into 320, 360, steels 591, ! steel 762 | stainless
430, 490, 620, 621, steels
account. 500 Nb 622, 660
If expansion fittings are used, detailed consideration shall
be given to the design of anchors, guides and ties to °C N/mm?2 N/mm2 |N/mm2 |N/mm?Z
ensure that these protect the expansion fitting and 20 210 000 210000 215000 |205000
accommaodate the additional loads due to pressure 100 205 000 205000 210000 |195000
including any applied test pressure. (See also BS 6129: 200 200 000 200000 |205000 {190 000
Part 1.) 300 190 000 185000 195000 |180000
A flexibility analysis shall be carried out if there is any 400 185000 1185000 190000 170000
doubt as to the ability of the system to satisfy the 500 (175 000) 175000 |180000 |160 000
specified requirements. 600 (165000) [165000 |165000 | 155000
. S . 700 - — — 145 000

In calc'ulatlng t.he flexibility of a piping system, the 800 _ _ _ 135 000
following requirements shall be observed.

(a) Wherever possible, piping systems shall be treated NOTE 1. Intermediate values may be obtained by

as a whole between anchor points. interpalation.

(b) Where itis necessary to make simplifying NOTE 2. The values in parentheses are indicative.

assumptions for the purpose of reducing the complexity

of the flexibility analysis, particulars of such ] issible t ; the pibes to reducs end .

simplifications shall be recorded. 'S permissibie 0 pre-stress 1ne pipes 10 reduce e

effects under hot conditions of working and also to reduce

(c) Alllinear and rotational restraints shall be taken into ¢ stress levels.

account.
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When the design temperature is such that the permissible
hot stress is to be limited by the creep rupture properties
as defined under 4.11.2(b), the amount of cold pull should
preferably be 100 % but shall not be less than 85 % of the
total calculated expansion of the system, except where
sections of one system between anchors are
simultaneously subject to different temperatures.

4.11.2 Maximum permitted stress range, hot stress
and sustained stress

At no point in the pipes under cold or any operating
condition within the design limits shall any one of the
following criteria be exceeded.
(a) Maximum stress range. The maximum stress range
shall be the lower of:

(1) H times the proof stress at room temperature plus
H times the proof stress at design temperature; or

(2} H times the proof stress at room temperature plus
average stress to rupture in the design life at the
design temperature;

where

H=0.9for all cases except at branch junctions where
dy/d £ 0.3, whenH=1.0.

{b) Maximum hot stress. Where (a) (2) is the criterion of
stress range, the maximum hot stress determined in
accordance with 4.11.3.1(b) shall not exceed the
average stress to rupture in the design life at the design
temperature.

(c) Sustained combined stress. Except at branch
junctions, the sustained combined stress shall not
exceed the lower of 0.8 times the proof stress value or
the creep rupture design stress value given in table 3.2
under cold or any other operating condition.

Atbranch junctions designed in accordance with 4.8, i.e.
on the basis of shakedown, the non-intensified dead
load stress shall not exceed 15 % of the component
design stress value givenin table 3.2.

Where a hydraulic test is to be applied to a completed
system in accordance with 6.2, then the sustained
stress due to hydraulic test pressure, pipe weight and
water weight shall not exceed 0.9 times the proof stress
at test temperature.

NOTE. Recommended proof and average creep rupture stress
values are given in appendix E. For steels not covered by
appendix E, reference should be made to the applicable materials
standards.

In calculating the stress ievels the following loadings shall
be included as shown in table 4.11.2:

(i} pressure;

BS 806 : 1993
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Table 4.11.2 Allocation of loads

Loading Stressrange Hot stress Sustained stress
Pressure X X X

Thermal X X -
Deadweight |- X X

Cold pull - X -

4.11.3 Calculation of stress levels*

4.11.3.17 In calculating stress levels the following shall
apply.

(a) In calculating the combined stress to satisfy the
stress range limitation (see 4.11.2(a)).
{1) The complete expansion between cold and hot -
shall be considered in evaluating the bending stress
which should be based on the modulus of elasticity
for the cold condition.

{2) Where a pipework system can be sectionalized so
that any point can be subject to conditions other than
all hot or all cold, then in addition to the stress range
calculation of (1), the maximum stress range based
on the maximum difference between bending
moments in each plane at that point, when combined
with the highest pressure stress associated with
these moments, shall not exceed the sum of 0.9 times
the proof stress at the temperature at each end of the
applicable cycle.

The modulus of elasticity for the lowest temperature
applicable to this condition shall be used.

{(b) In calculating the combined stress to satisfy the hot
stress limitation (see 4.11.2(b}).

(1) The expansion between cold and hot minus the
theoretical cold pull shall be used in evaluating the
bending stress. The modulus of elasticity for the hot
conditions shall be used.

(2) Where a pipework system can be sectionalized so
that any point can be subject to conditions other than
all hot or all cold, then the higher value of either the
maximum moment or the maximum difference
between the maximum moment and 0.5 times the
minimum moment in any plane under each hot
condition of operation shall be considered in addition
1o the cold-to-hot definition as givenin (1). The
modulus of elasticity for the hot condition shall be
used.

4.11.3.2 Except at branch junctions, the sustained
combined stress (see 4.11.2{c}) is that due to pressure

(i) thermal (see 4.11.1); and deadweight only and the bending and torsiona!
(i) deadweight including sustained external loads; stresses obtained from expressions (31), {33) and (34)

{iv}) cold pull.

and equation (35) shall for this consideration, therefore, be
those attributable to deadweight only.

4.11.3.3 A typical sequence of calculations required in a
flexibility analysis, together with the conditions/criteria
applicable to each stage, are summarized in the flow
chart given in appendix G.

* For worked example of stress calculation of sectionalized pipe, see appendix F.
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4.11.4 Stress evaluation on straights and bends
4.11.4.1 Combined stress f,. The combined stress value f

(in N/mm?2) on straights and bends including mitred
bends shall be calculated from:

fo=  VF2 = 4F2 (28)
where

F s the greater of fyor f|_(in N/mm?2);

where

f1 isthe transverse stress (i.e. transverse pressure
stress + transverse bending stress) {in N/mm?2),
see 4.11.4.2;

f. is the longitudinal stress (i.e. longitudinal pressure
stress + longitudinal bending stress) (in N/mm?2),
see4.11.4.3;

fe is the torsional stress (in N/mm2), see 4.11.4.4.

NOTE. For mitred bends within the limits of this standard

fT > fL'

4.11.4.2 Transverse stress f1. The transverse stress fr (in

N/mm?} shall be calculated as follows.
(a) The transverse pressure stress on both straights
and bends excluding mitred bends shall be calculated
from:

P9, 05p (29)

2t
{b} The transverse pressure stress on mitred bends
shall be calculated from:
)
(30)

{pd 051 + 06427 tana [T 11
2t

2t

(c) The transverse bending stress on a straight pipe
shall be taken as zero.

(d) Transverse bending stress at bends including mitred
bends shall be calculated from:

’
- VIMFL)2 + (MoFro)? ‘ (31)
For (a}, {b) and (d) above
d isthe meaninside diameter (in mm);
t  isthe mean thickness (in mm);
Jol is the design pressure {in N/mm?2);
M, is the maximum in-plane bending moment (in
N-mm};
M, is the maximum out-of-plane bending moment (in
N-mmj;
F1i isthein-plane transverse stress intensification
factor for bends from figure 4.11.1(3), and, for
mitred bends, from figure 4.11.1(8) line A;

F1o is the out-of-plane transverse stress intensification
factor for bends from figure 4.11.1(5), and, for
mitred bends, from figure 4.11.1(8) line A;

r is the mean radius of the pipe (in mm);
I shall be calculated from:
;=T (D4-ad4)
64

where
D is the mean outside diameter;
d is the mean inside diameter
as definedin 1.3.2;
a  isasshowninfigure 4.3.2.2.
4.11.4.3 Longitudinal stress f. The longitudinal stress f|.
(in N/mm?2) shall be calculated as follows.

(a) The longitudina! pressure stress on both straights
and bends including mitred bends shall be calculated
from:

pd?
4tld + t)

{b) The longitudinal bending stress on a straight pipe
shall be calculated from:

d+ 2t [
—2‘]—— M2 + M2 (33)

{¢c) The longitudinal bending stress at bends including
mitred bends shall be calculated from:

{32)

% VMFLIZ = (M FL)2 (34)

where

F; isthein-plane longitudinal stress intensification
factor for bends from figure 4.11.1(2), and, for
mitred bends, from figure 4.11.1(8} line B;

Flo is the out-of-plane longitudinal stress
intensification factor for bends from
figure 4.11.1(4), and, for mitred bends, from
figure 4.11.1(8) line B;
4.11.4.4 Torsional stress fs. The torsional stress 7
(in N/mmZ2) on both straights and bends including mitred
bends shall be calculated from:

f, = Mild > 20 (35)

4]
where

M, is the torsional moment (in N-mm).

4.11.5 Stress evaluation at branch junction

4.11.5.1 Combined stress fcg. The combined stress fg
(in N/mm2) at branch junctions shall be considered
separately at connections 1, 2 and 3 (see figure 4.11.5.1}
and shall be calculated from:

fcs = gVfg? + 4fgg? (36)

where

fg is the transverse pressure stress at the junction
plus non-directional bending stress (in N/mm?2);

fsg is the torsional stress at the junction {in N/mm?2);

g s the relaxation factor used in hot stress evaluation
only (see 4.11.3.1(b));

g= 0.5 for dzy/d1 ratios in excess of 0.3;

q=0.44 for dzy/d1 ratios equal to or less than
0.3;
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is the mean inside diameter of the branch (in mm)
multiplied by 1/sin y; where y is defined as the
angle between the branch and the main (as defined
in4.8.5.1);

dq is the mean inside diameter of the main (in mm).

NOTE. This method of calculating the combined stress may, in
some instances, give over pessimistic results. An alternative
more accurate method of calculation applicable to a limited
range of branch types and geometries is presented in appendix H.
Otherwise a comprehensive design by analysis may be
undertaken in accordance with appendix J. Use of these
alternative methods in preference to the method presented in
this clause shall be at the discretion of the designer.

4.11.5.2 Transverse pressure stress. The transverse
pressure stress {in N/mmZ2) at branch junction shall be
calculated from:

{dq + t3)pm (37)

2t, (see notes 1,2 and 3)
where

t, isthe actual minimum thickness of the main at the
branch junction, i.e. minimum measured thickness
where the pipe is available or ordered thickness less
tube maker’s tolerance (in mm); ’

p is the design pressure (in N/mm?2);

m is the stress multipler equal to:

(a) forbranch junctions where both ry/rq and ty/;
are equal to or less than 0.3:

281r; ry
ry \ t\n
{b) forbranch junctions where either or both of the
ratios ro/rqyandt,/t, are greater than 0.3, m can be

obtained from figure 4.11.5.2 by entering atZ,,
where:

2
z, = (f2Y_ D (39)
to nrq

For (a) and (b) above
ry  isthe mean radius of the main at the junction,
based on mean thickness {in mm);

m=18+ (38)

ro  isthe mean radius of the branch at the junction,
based on mean thickness {in mm);

t;  is the mean thickness of the main at the
junction with the branch (in mm);

t» isthe mean thickness of the branch at the
junction with the main (in mm);

n = 1forbranches not deemed to be interacting in
accordance with 4.8.4. For interacting branches
nis as defined in 4.8.6.2

NOTE 1. The values of m designated in this standard pertain to
fabricated full penetration welded or non-protruding set in or
homogeneous branches where any necessary reinforcement

for pressure containment is incorporated in the thickness of

the main and/or branch.

Where the branch is not of the type defined in note 1
and/or when reinforcement is not as defined in note 1, the
m value shall be the estimated pressure peak stress at the
junction, divided by the mean diameter hoop stress of the
unpierced main.

BS 806 : 1993
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NOTE 2. 4.8.3 permits the use of other forms of reinforcement
subject to the agreement of the purchaser and the manufacturer,
and also subject to the use of such reinforcement being
substantiated by relevant service experience or by experimental
or theoretical analysis.

Where the peak stress cannot be defined from theoretical
analysis or alternatively from experimental data, the
transverse pressure stress shall be considered as not less
than:

2.2fwhere d,, /d, is greater than 0.3; or

2.5fwhere d,,/d, is equal to or less than 0.3;
where

f is the design stress in accordance with 3.2.

NOTE 3. The value of transverse pressure stress so obtained is
not intended to indicate the maximum peak stress obtaining, but
is so defined as to put a limit on external loading being carried by
the junction.

NOTE 4. Stiffening pads may be used to reduce bending
stresses.

4.11.5.3 Non-directional bending stress. The non-
directional bending stress at branch junctions shall be the
greatest value applicable to connection 1, 2 or 3 {see
figure 4.11.5.1), determined as follows.

(a) The bending stress at branch junction from
connection 1 or 2 shall be calculated from:

Al \fMB)Z

where
M, s the in-plane moment from connection 1 or 2

according to the case (in N-mm);

M, is the out-of-plane moment from connection 1 or 2
according to the case {in N-mm);

B; isthein-plane branch stress intensification factor
from figure 4.11.1(8) (see note 410 4.11.56.2};

B, isthe out-of-plane branch stress intensification
factor from figure 4.11.1(6} (see note 4 to
411.5.2);

ry isasdefinedin4.11.5.2;
] shall be calculated from:
;T (D4 - d4)
64

(MyB)2 (40)

where
D is the mean outside diameter of the main;
d is the mean inside diameter of the main
as defined in 1.3.2;

(b) The bending stress at branch junction from
connection 3 shall be calculated as for connections 1
and 2, but with M; and M, applicable to connection 3
and withr , substituted forr, {r,, t; and ¢, being as
defined in 4.11.5.2). The value of I shall be calculated
from eitherf= 7ry3t, Byorl= mry3t, whichever gives
the lower value.

{c) Torsional stress fgg at branch junction shall be the
value applicable to connection 1, 2 or 3.

NOTE. Torsional stress is as defined in equation (35), where t,
dand ] are values applicable to the branch being considered.

11
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412 Drainage

4121 General

Every precaution shall be taken in the layout of steam
pipework to prevent the formation of water during
operation or when shut down.

Provision shall be made for water, whether formed
continuously or occasionally, to be efficiently removed
from the system and for the required warming up rates to
be achieved.

NOTE. To assist in the correct design of the system, the

purchaser’s enquiry specification should state drainage flows for
any mode of operation.

As far as is practicable, the drainage water shall not be
allowed to come into contact with metal at a higher
temperature.

4.12.2 Fall

A suitable fall shall be provided in the main pipework to
ensure that the water flows towards the drainage point
and, where practicable, this fall shall be in the direction of
the steam flow.

The drain lines shall be designed to ensure drainage by
gravity when there is little or no pressure in the main lines
and to accommodate any downward movement of the
drain connections when thermal expansion of the mains
takes place.

NOTE t.Sagdue to dead weight, the direction of steam flow, its
velocity and the quantity of condensate should be taken into
account when considering the fall. Where drainage is with the
flow of steam, a fall of not less than 1 in 100 is recommended.
Where drainage is against the flow of steam, a fall of not less
than 1in 40 is recommended.

Small p.pes such as gauge connections, which might act
as reflu. condensers, shall be arranged to ensure that any
condensate which is formed will be re-evaporated before
it can enter the larger and hotter pipe.

NOTE 2. This may be done by nesting the smaller pipe against
the larger under the lagging or by the provision of perforated
internal pipe suitably arranged within an annulus branch.

4.12.3 Drainage points

Steam pipework shall be provided with adequate draining
points wherever water can collect under working
conditions. Such provision shall take the form of drainage
pockets which shall be connected to steam traps or other
suitable apparatus which will ensure the prompt
discharge of water from the system.

NOTE. itis recommended that a bypass be fitted to each system
trap and, to reduce the likelihood of dirt accumulating in the trap,

consideration should be given to an arrangement which enables
debris to be ejected through the bypass valve.

Water may collect in various portions of the pipework due
to valve leakage or other causes, when shut down or
when warming up and these points shall be provided with
hand drains.

Steam velocity and quantity of condensate shall be
taken into account when considering the bore of the
drainage pocket which shall be not less than 25% of the
main pipe bore. The take-off from such pockets shall be

NS.EClunl))) /|1 O B in® Npnliia NG ninh) aSE \jinGES;

situated well above the bottom of the pocket to
minimize the possibility of scale blocking the drain pipe.
Such pockets shall have either flanged or welded
closures to permit cleaning when necessary.

Where pipelines which may be subject to sub-
atmospheric pressure have drains connected to an
atmospheric drain vessel as an alternative discharge, then
a valve or other device shall be provided to isolate the
direction connection to the atmospheric drain vessel
when the pipelines are at subatmospheric pressure.

4.12.4 Drain branches

Drain branches shall be provided with suitable means of
controlling or isolating the drain flow, such as orifice
plates, isolating valves or traps depending on the type of
system to be drained. Where two valves in series are
used, the upstream ‘Master’ valve shall be of the parallel
slide type and the downstream "Martyr’ valve shall be of
the globe or other type suitable for flow regulation.

4.12.5 Flexibility of drain lines

Sufficient flexibility shall be provided in the drain lines to
cater for the thermal movements of the main as well as
those of the drain lines themselves.

4.12.6 Boiler and high pressure pipework drain vessels
and vents

4.12.6.1 Drainvessels and their associated vent pipes
shall be suited to the onerous conditions imposed by the
discharge of large volumes of steam to atmosphere, the
design taking into account the kinetic energy and the
enthalpy of the steam.

Drain systems with drain vessels, provided with orifices
where necessary, shall be so designed that the vessel with
its vent and drainage arrangements are capable of
handiing the maximum drainage flow that can be
discharged into it under any mode of operation.

4.12.6.2 The shell thickness shall be suitable for the loads
imposed, particularly at inlet connections and where
supports apply concentrated loads to the shell.

NOTE. In general, a thickness to diameter ratio of about 1 to 100
will be adequate to withstand the onerous conditions at such
positions.

The vessel shall be constructed in accordance with

BS 5500 ; the design temperature shall be the basis for
establishing the construction category.

4.12.6.3 Where inlet branches are subject to vibration,
provision shall be made for this in the design.

4.12.6.4 The design of vent pipe guides and supports
shall be such as to allow the free expansion of the vent
pipe when operating at full temperature conditions, which
may reach to within 85 °C of the highest temperature of
the system being drained.

Vents and silencers shall be designed for the maximum
flow rate envisaged under any mode of operation.

The thickness to diameter ratio of vent pipework shall
be not less than 1 to 150.
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4.13 Pipework supports

4.13.1 General

Pipe supports shall comply with BS 3974, where
applicable.

NOTE. The term “supports’, in the context of 4.13, refers to the
entire range of the various methods of carrying the weight of
pipework and associated equipment (valves, strainers, flanges,
etc.). It also includes those elements used to anchor, restrain,
direct or absorb piping movement.

4.13.2 Loads on supports

in addition to the weight effects of piping components, the
design of supports shall take into account the weight of
insulation and the fluid carried and other load effects
caused by pressure, wind, vibration and shock. Supports
shall also be capable of carrying the total load under
commissioning and test conditions unless additional
temporary support is provided during these periods.

Whera anchors, guides or limit stops are fitted to restrain,
direct or absorb piping movements, the design shall take
into account the forces and moments generated at these
elements by weight, thermal expansion, internal pressure,
wind, vibration and shock effects.

4.13.3 Design of supports

Supports shall be capable of carrying the sum of all the
concurrently acting loads. They shall be designed to
provide the required supporting effect and shall permit
free movement for expansion and contraction unless
specially designed to restrain, direct or absorb such
movement. The design of pipe clips or other pipe
attachments shall be such as to prevent damage to
insulation.

BS 806 : 1993
Section four
Issue 1, September 1993

The use of constant-effort support hangers is
recommended at locations where appreciable thermal
deflections occur and such supports shall not have a
deviation in supporting effort, including friction, of more
than + 5 % of the specified load at any point in their
travel except where the end forces have to be kept
within close limits (see 1.4.2.2(d)), when the deviation
shall not be more than =+ 2.5 %. The deviation quoted
relates to the support on test when the rod is in the
vertical position. Provision shall be made for in situ load
adjustment of at least = 20 % of the specified load.

For variable spring supports, consideration shall be given
to the change of spring effort due to pipe deflection and its
effect on the support load and forces on the connecting
plant and pipework.

Support spacing shall be such as to prevent detrimental
bending and shear stresses in the pipework. Particular
consideration shall be given where components, e.g.
flanges and valves, imposed concentrated loads.
Deflections shall be such that the operation of the
equipment is not impaired. Where supports include, for
example, brackets, lugs, rings welded directly to pipework,
localized stresses shall be assessed.

NOTE. The procedures in appendices A and G of BS 5500 :
1991 give guidance in this respect.
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L, min,

a(15°max.) -
Longitudinal welds,

when used, should TITTT I
be staggered

/"" o —

Throat widths are specified in
BS 2633,BS 2971, BS 1821 or

0 BS 2640, as appropriate

scota
whens < r{1 + tana)

§ =

r(1 + cota) . ) .
Ry = ———  whens = r{1 + tanal) or for a single isolated mitre

2

> 1.883Vrt

>Q v

Figure 4.4.2.2 Dimensional parameters for mitred bends and lugs
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%€=X(1+0.6L27 tan a VX )

<0° 3°5°7.5°10° 15°
100 a=0 33

70
60 A 17
50 A |
40

30

10
10 20 30 40 50 60 80 100 200 300 400 500 1000
fe
p

Figure 44.2.4 X values required to satisfy mitred bend design requirements

% <70

aand b>1.833 \ (dy+ t)x 12 or 1.833 v (D, ;) x t,/2, and _2
®

is the mean outside diameter of the main (in mm);
d; is the mean inside diameter of the main (in mmj};
d, is the mean inside diameter of the branch (in mm);
t, is the mean thickness of the main (in mm);

y is the angle between branch and main (in degrees).

. Figure 4.8.2 Dimensional parameters for branch connections to mitred gusseted bends
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Reinforcement of branchto extend

for a distance not less than VO,,F,,
{see 4.8.7) Y D
L greater than L less than L less than
T2 oy J‘ % ] Top* 9ac dac* dag [d“ %4
i \‘ ' / A | }
I
E25% W D SELTPRB PR B
l'sin7 sin)} sin? sing |
| £ \ Y
Reinforcement I Reinforcement
of main to o4 / L greater than \ I of main to ‘
7 0 dac 7 |
extend for ~. X dye+ 0, extend for
this distance - e et this distance
as this extends
further along
Reinforcement of branch to extend axis of main
for a distance not less than VO, f,, than this distance

(see 4.8.7)

d,, is unaffected by other branches
d,, is affected by d,,

d,. s affected by dy, and dyy

d,y is affected by d,,

Greater than Greater than
— dy - dap
- d d |
| s Don | Dae |
| | o |
| | . |
| ~a ! |
! ‘ !
L |
. | | i |
T T A |
[ ! ! ! \
_ ! _ - - -
\ ] ‘ /
! !
| ' o
: ‘ { Reinforcement of
d d d | main to extend for
L 20 ol g 20 20 this distance,

i.e.not limited to
< g d,, as therequirement
for d,, is overriding
d,, and d,, form a pair affecting each other

(b)

Figure 4.8.4 Typical branch pipes .
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dZﬂ th ch
| | | |
i L Greater than I ! [
__ 2% 03¢ | _ |
[ Greater than |

dap + dpy

d,, is affected by d,,,
d,q is affected by d,,

dyy, s affected by d,, and d,,
d,. s affected by d,, and d,y

(c)

i

|

Greater than !

/L i) O

L_L_ess than d, +d,

C

d,, is affected by dj,
d,, is affected by d,_

d,. is affected by d,, and d,,

(d)

Figure 4.8.4 (concluded)
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\\ In-plane curve= 075x18+05
30 4 A%
A — — — Qut-of-plane curvez — 1.8
Az’s
20 S Based on equal bore branch
\ flexibility factor =1
N \
NHIN
N
10 MU
9
; @
87 X
o M
e 6 s
g s ]
a
h b
3 N
3
2 N
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1 \ ~~N‘~
001 0.02 0.0g 0.05 041 0.2 03'05 1 2 345
04 04
Pipe factor A .
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Forged tee meeting
Limiting crotch dimensions

! t t Y%t,)52 t
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Figure 4.11.1(6) Maximum non-directional stress factors {branches)
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100

90
80 K = 1.52

70 A
60 R = s cota
50 » or 2
40 R, = r(1+czotoz)
30 (See figure 4.4.2.2)

when s<r{1+tan a )

when s 2 r (1+tan «)

20

Flexibility factor K

~ Ul O ] OO

—
>

0.0t 0.02003(005 01 02 03]0.5 1 2 345 10
0.04 0.4

~ f
Pipe factor A = =

Figure 4.11.1(7) In-plane and out-of-plane flexibility factor, K,
for multi-mitred bends
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p
80 Line A= 1.8
70 A s
60 Line B = 1_325
50 A3
R s cot o
40 ¢ = 7 when s<r(1+tan o )
.4 Or
30 5 Rra L) hen s 27 (14 tana)
N (See figure 4.4.2.2)
5 20 AN
E : @
g e
. — . .7
5 %
g 18 & N
w
a 8
€ 7 L N
26 NN
g .
:5 AN
4
\
3 J
N AN
\‘\
2 N
™ X
‘ @
1

0.01 0.020.03!0.05 01 0203105 1 2 345 10
0.04 0.4

Pipe factor A = ——0

Line A: transverse stress intensification factor for in-plane and out-of-plane, £, and £y,

Line B: longitudinal stress intensification factor for in-plane and out-of-plane, £ and £ .

Figure 4.11.1(8) Stress intensification factors for mitred bends
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1 ===
T ﬁ
1 flange
0.5 £55E
5
o 0.3
* T 911880
g HH
. < 0.2 2 flanges
P
S
wJ
0.1
0.01 0.02 003 0.04 0.05 0.1 02 03 04 05 1.0
Pipe factor A = %’i

Only applicable where flange is within 4r of tangent.

NOTE. For one flange the correction factor is x%; for two flanges the correction factor is A%,

Figure 4.11.1(9) Stress intensification and flexibility correction factor for flanged bends
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Figure 4.11.56.1 Branch connections
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Section five. Construction and workmanship

5.1 General

Contamination of the surfaces of the pipes by corrosive or
other detrimental substances, particularly by non-ferrous
metals and sulphur, shall be avoided; e.g. during heating,
adequate measures shall be taken to prevent sulphur
pick-up. Filling sand, if used, shall be inert and no paint,
labels or tools containing lead, copper, zinc or tin shall be
used.

Contamination of austenitic steels by ferritic steels shall
be avoided.

It is essential that alloy steel pipes, when cold, shall not be
subjected to impact or hammer blows likely to cause local
damage. Every precaution shall be taken to avoid such
occurrences in handling and during all operations on the
pipes. Care shall be taken in fabrication and manipulation
to avoid the formation of notches or other sharp changes
of contour likely to cause stress concentration.

b.2 Heat treatment and final condition

5.2.1 Final heat treated condition of pipes

Before erection as part of a pipework installation, all pipes,
whether straight or manipulated, shall be in the heat
treated condition given in table 5.2.1. Where there is
subsequent welding, the heat treatment of the welds shall
comply with 5.3.

5.2.2 Cold forming
Pipes of the materials given in table 5.2.1 that have been
cold formed shall be supplied in the following condition:

{a) when cold bent to a radius less than 3.5D
(see 1.3.2), they shall be heat treated in accordance
with table 5.2.1;

{b) when cold bent to a radius of 3.50 or greater and
they have been heat treated as specified in the
materials specification before bending, no reheat
treatment is required after bending.

5.2.3 Hot forming: ferritic steels

Hot forming of ferritic steels shall be carried out after
heating in the range 850 °C to 1100 °C. Following hot
forming, pipes shall be treated as given in table 5.2.1.If
the pipe has been heated to normalizing temperature and
the hot forming operation completed above 750°C,
subsequent normalizing is not required for carbon and
carbon manganese steels, excluding 500 Nb.

NOTE. Attention is drawn to the possibility of hydrogen cracking
in steel 762 if heat treatment is delayed following hot working.

5.2.4 Hot forming: austenitic steels

Hot forming of austenitic steels shall be carried out after
heating in the range 900 °C to 1100 °C. If the pipe has
been heated to the solution treatment temperature, the
hot forming operation completed at a temperature
exceeding 900 °C, and rapid cooling in air or water has

Table 5.2.1 Heat treatment of completed pipes

Figures in parentheses refer to the notes following this table.

Material Grade Heat treatment temperature
Normallzed Tempered Solution treated
°C °C °C
c A - -
& Mn } 880 to 940 (1)
C Mn Nb 500 Nb 850 to 960 - -
1 Cr 2 Mo 620-440 900 to 980 640 to 720 -
1 Y4 Cr Y2 Mo 621 900 to 960 640 to 720 -
Y2Cr2Mo Yav 660 930 to 980 680 to 720 -
2Y%4Cr 1Mo 622 900 to 960 680 to 750 -
12CrMo V 762 1020 to 1070 730 to 780 -
15Cr10Ni6MnNbV| 215515 - - 1050 to 1150
18 Cr 10 Ni 304 - - 1000 to 1100
18 Cr 12 Ni Mo 316 - - 1000 to 1100
18 Cr_12 Ni Ti 321831 - - 1000 to 1100
L S51 (1010} - - 950 to 1070
18Cr 12 N! Ti 321551 (1105) - - 1070 to 1140
18Cr 1.2 Ni Nb 347 - - 1000 to 1100
1 V4 Ni Cu Mo Nb 591 900 to 980 (2) 580 to 660 (2) - o

the material specification.

620 °C to 680 °C.

NOTE 1. As an alternative to normalizing, except where precluded by 5.2.2 and 5.2.3, carbon and carbon
manganese steel pipes may be in the hot finished, subcritically annealed, or as welded condition permitted by

NOTE 2. This steel may also be quenched from the range 880 °C to 930 °C, followed by tempering in the range
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been carried out, subsequent solution heat treatment is
not required for 304, 316, 321 and 347 grades listed in
table 5.2.1, except for grade 321551 (1105), which shall be
solution heat treated as specified after hot bending.

NOTE. In order to ensure uniform soaking, the temperature for
normalizing shouid be maintained for a time proportionate to the

thickness of the pipe at a rate of not less than 1.2 min/mm of
maximum thickness, followed by cooling in still air.

5.2.5 Local adjustment of components

As a result of fabrication operations during the
manufacture of tubular assemblies and integral piping,
distortion or deformation may occur due to welding
shrinkage or inaccuracy in bending operations. The
adjustment of such components to acceptable
dimensional tolerances using local heating is permitted,
provided that due recognition is given to the final
supply condition of the component.

5.3 Welding

5.3.1 General
Welds shall be either:

(a) inaccordance with BS 1821, BS 2633, BS 2640,
BS 2971, BS 4204 and BS 4677, or

(b) by agreement between the purchaser and the
manufacturer, in accordance with processes, other than
those covered by the standards specified in {a), that
have been demonstrated as being suitable

(see 1.4.2.3(e)).

5.3.2 Dressing of welds

Any dressing of welds within the provisions of the
standards listed in 5.3.1 shall be such that the thickness
remaining is not less than the minimum required by this
standard.

5.3.3 Use of class | and class Il welding for ferritic
materials

5.3.3.1 Class | welding shall be used for steam services
exceeding 17 bar or 220 °C, except that for a design
temperature 7 (in °C), over 220 °C up to and including

400 °C, itis permissible to use class Il welding provided all
the following conditions are satisfied.

{a) The design pressure (in bar) shall not be greater
than:

400 —-T
7 >
180
{b} The pipework shall be of carbon steel having a

carbon content not exceeding 0.25 % (m/m) *.

(c) The actual thickness of the pipe at the butt weld
shall be not less than twice the calculated design
thickness.

(d) The pipework shall be tested in either of the
following ways:

* Percentage by mass.

{1) the entire circumference of all butt welds shall
be non-destructively tested by an ultrasonic or
radiographic method; or

{2) the pipework shall be hydraulically tested in
accordance with 6.2.1 and the entire circumference of
10 % of the butt welds made by each welder, selected
at random, shall be subjected to non-destructive
testing by an ultrasonic or radiographic method.

5.3.3.2 Class | welding shall be used for feed services
exceeding 24 bar or 200 °C.

5.3.3.3 The use of class |l welding is permitted for steam
and feed services whose design conditions do not exceed
the relevant limits specified in 5.3.3.1 and 5.3.3.2.

NOTE. The requirements of 5.3.3 are shown in schematic form
in figure 5.3.3.

5.3.4 Matching of pipe bores and outside diameters for
butt welding

When possible, pipe matching problems caused by tube
manufacturing tolerances, e.g. ovality, eccentricity, shall
be overcome by selection, drifting, machining, swaging,
or by the use of a suitable expander. When it is not
possible to use any of these methods, the bore, or
outside diameter of the end of the pipe shall be built up
by welding. The weld build-up shall be done only under
the following conditions.

{a} The thickness of the pipes to be joined shall meet
the minimum design requirements of section four,

{b} The deposited weld metal shall have mechanical
properties at least equal to those of the butt weld at
the design temperature,

{c) Welding shall be done to the requirements of an
approved welding procedure.

(d) Every built-up pipe end, regardless of size, shall
be subject to 100 % non-destructive examination,
using the same methods as those specified for the
butt weld (see tables 6.3.3 and 6.3.4).

{e} The length of the pipe build-up shall be a
minimum of 25 mm. Where ultrasonic examination
of the butt weld is to be done, the length of the build-
up shall be suitable to allow full ultrasonic coverage
of the weld.

54 Attachment of branches

Branches, bosses and drain pockets shall be welded to the
pipes and the welding shall comply with 5.3.

Minimum dimensions for external profiles of class | welds
at branches shall be as given in figure 5.4.

5.5 Attachment to flanges (see figures 5.5(1)
to 5.5(9))

5.5.1 General

Flanges shall be secured to the pipes by welding or by
screwing.

5/2
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5.56.2 1 - . .
Welded-on flanges Table 5.5.2.1 Maximum clearance between pipes
5.6.2.1 Where flanges are welded on, the processes used and flanges
shall be in accordance with 5.3.1.
Oxy-acetylene welding is permitted only for type 1 flanges Nominal Maximum clearance| Sum of the Weld leg
(see figure 5.5(1)) of carbon steel or 1 % Cr % % Mo steel thickness of between bore of diametrically | length.
. pipe flange and outside opposite minimum
or type 7 flanges (see figure 6.5(9)). diameter of pipe clearances,
The preparation of the welds shall be as shown in maximum
figures 5.5(1) to 5.5(9).
mm mm mm mm
Flanges shall not be tight fit on the pipe. The maximum Over 5 3 5 6
clearance between the bore of the flange and the outside Over 4
diameter of the pipe shall be as given in table 5.5.2.1. upto and
including 5 2.5 4 5
Over3
up to and
including 4 2 3 4
. Up to and
including 3 1.5 2 3
5.5.2.2 The limiting design conditions for each type of
flange shall be as given in table 5.5.2.2.
Table 5.5.2.2 Limiting design conditions for flange types
Figures in parentheses refer to the notes following this table.
Flange | Limiting flange type Maximum Maximum pipe Minimum
type temperature outside diameter pipe bore
BS 10(1) BS 1560: Section3.1| BS 4504: Section 3.1
Table Class/Code Designation/Code | °C mm mm
1 No restriction No restriction PN 40/111 No restriction No restriction No restriction
2 No restriction Notapplicable PN 40/101 No restriction 168.3foralloy and No restriction
500 Nb steels(2)
. 3,3A(3)| Norestriction Not applicable PN 40/101 No restriction 168.3for alloy and 75
500 Nb steels(2)
4 R Notapplicable PN 40/101 425 No restriction No restriction
4A 900/112 PN 40/112
5,5A(3})| R Not applicable PN 40/101 425 No restriction 75
6 J Notapplicable PN 40/101 425 No restriction No restriction
BA 300/112 PN 40/112
7 H 300/112 PN 40/112 400 168.3 No restriction
NOTE 1. This British Standard is obsolescent.
NOTE 2. No restriction for carbon steels.
NOTE 3. Flange types 3, 3A and 5, 5A (BS 4504 : Section 3.1} require the flange to be supplied with a bore less than the outside
diameter of the pipe.
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5.5.3 Screwed-on flanges

Where flanges are secured by screwing, the screw thread
shall comply with BS 21. The threads on the pipe and in
the flange shall be arranged to end at a point just inside
the back or boss of the flange. After the flange has been
screwed on, the pipe shall be expanded into the flange by
a roller expander. The use of such screwed and expanded
flanges is permitted for steam for a maximum design
pressure of 30 bar and a maximum design temperature of
370 °C, and for feed for a maximum design pressure of

50 bar.

5.6 Ovality of bent pipes

Ovality, calculated in accordance with equations (41) and
(42), shall not exceed 5 % :

Ovality (%) = ~Pmax = Dn? 100

Dn (a1)
Ovality (%) = (Dy = Dpnin} 100

D (42)

n

where

D, ,2x 15 the maximum outside diameter in the bent
section {in mm);

D_. is the minimum outside diameter in the bent

section (in mm);

min

D, isthe average outside diameter in the straight
pipe (in mm).

5.7 Gusseted bends

Gusseted bends shall be fabricated in accordance with
BS 1821, BS 2633, BS 2640, BS 2971 or BS 4677 according
to the limits of pressure and temperature defined in 5.3.3
for class | and class Il welding, but taking into account the
overall limiting conditions of use given in 4.4.2 and 4.4.3.

5.8 Condition of pipes (see also 1.4.1(f))

5.8.1 All parts of piping installations shall, as far as is
practicable, be cleaned internally of rust and other foreign
matter to comply with BS 7079 : Part A1: 1989, Sa2,
excepting that for (a) and (c¢) following, the internal
cleaning shall comply with BS 7079 : Part A1: 1989, Sa2%.

In the following cases scale, sand and other foreign
matter shall be removed by pickling in inhibiting acid or
by blasting with abrasive material:

(a) all alloy steel pipes;

British Standards Institute on ERC Specs an
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{b) all carbon steel pipes where hot work has been
carried out during fabrication for design pressures
above 15 bar;

{c} all pipes within the feed and steam pipes systems
where the boiler design pressure exceeds 64 bar.

After cleaning and before despatch, all pipe ends shall be
fitted with suitably sealed protective end covers which
shall be maintained in position until immediately before
erection.

5.8.2 Immediately before erection, all parts of piping
installations shall be checked for internal cleanliness.

5.9 Marking of pipes

Stamps shall be of the low stress type except that
stamping on the body is not permitted for alloy steel.
NOTE. Inspection or identification marks may be stamped on the
end faces of plain-end pipes or on the rims of flanges or on
identification plates suitably attached to the pipes. Alternatively,
inspection and identification marks may be vibro-etched or
painted on the pipes provided iron oxide base or titanium base
paints are used {see 5.1).

5.10 Erection of pipework

5.10.1 General

Cold pull procedure shall be such as to ensure that correct
angulation and rotation are imposed; for this purpose
alignment marks shall be made at the cold gaps. Pipe ends
at gaps shall be parallel with each other before pulling
together.

Where the final joint is made by butt welding and is to be
post-heat treated, the forces required to position the
pipes shall be maintained by external means until
completion of the heat treatment procedure.

The pipes to be pulled shall be hanging freely when the
gap is measured, i.e. there should be no out-of-balance
spring effort or any intermediate restraints other than
those necessary to counteract any horizontal components
of out-of-vertical supports. This condition shall also apply
when alignment marks and end checks are made.

After the pipes have been pulled together, alignment shall
be strictly maintained.
NOTE. Consideration should be given, where necessary, to the

provision of temporary supports to reduce the deadweight stress
due to the additional weight of test water.

5.10.2 Balanced erection

Where terminal forces and moments acting upon plant
have to be maintained within close limits a site erection
procedure shall be prepared and executed in a manner to
demonstrate that the principles of design are achieved.

The detailed procedure shall set out the step by step
method of erection for the particular installation (see
4.11.1).

4
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Class | welding-steam and feed services
Design . __24bar
pressure | "I
bar |
201 Class |l welding - feed services f
: 220° C at 17 bar
p
I
l
[
|
]
10 1 . . bt g
Class |l welding ~ steam services &, &,
N
!
|
|
I 400* C at 0 bar
I
0 : | .
0 100 200 300 400

Design temperature , T°C

Figure 5.3.3 Use of class | and class |l welding for ferritic materials
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t is the mean thickness of branch

TV TN

l /1% 4

yoros Binini - \ ST TV T
{/ \ If the weld makes an angle a less
I than 135 ° at either toe, the weld is to
J T blend with a minimum radius of 5 mm.
}-—% min. but —eimin. but -
not less than not less than Toe detail
6 3
Crotch Flank {a}
For all branch-main ratios For ratio of branch o.d. to main o.d. of % or less

. 135°
135 min.
min.
yy .
N ‘—73 min.
|
135°
min.
Flank (b) Flank {c})
For ratio of branch o0.d. to For equal branch and main o.d.

main o.d. greater than %
NOTE 1. All linear dimensions are in millimetres.

NOTE 2. The weld preparation in the shaded areas needs to be determined by the weld process and the appropriate welding

standard.
Figure 5.4 Minimum dimensions for external profiles of welds at branches: class | welding
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Wit

7/// s
° 770,

Not less than
maximum 0.d.
of pipe

NOTE 1. Preparation and assembly for welding to be in accordance with 5.3.
NOTE 2. is the calculated pipe thickness (see 4.2).
NOTE 3. This type of attachment is suitable for the design conditions given in table 5.5.2.2.

Figure 5.5(1) Type 1 ‘welding neck’ flange
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v

70°max. // 70°max. R 5 min.
< > Back fillet weld (see note 3)
R 5 min —_ 3 1 1 ®
' \ ,
\ SOOI \ \\\
DO

8 C | £

E

Clearance {see 5.5.21}

All linear dimensions are in millimetres.

Dimension Steel Design basis

B Carbon &
but not less than b

Alloy and 500 Nb| 2

c Carbon A but not less than: ‘
6 for pipes 15 and 20 nominal size
Alloy and 500 Nb| 2% 8 for pipes 25 to 40 nominal size
10 for pipes 50 nominal size and over

E Carbon t but not less than 6

£, Alloy and 500 Nb | Height of weld recess

NOTE 1. Dimensions 8 and C are minima after machining the flange to final
thickness.

NOTE 2. #is the calculated pipe thickness (see 4.2).

NOTE 3. The outer surface of the weld needs to lie wholly outside the position
indicated by the dotted line or full line, whichever is applicable.

NQOTE 4. This type of attachment is suitable for the design conditions given in
table 5.5.2.2.

Figure 5.5(2) Type 2 ‘face and back’ welded-on flange
(for metal-arc welding)
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7 //

7

/ ° min.

3//4// ﬂmax.r Baci 5\‘illef weld (see note 3}
AN

ElE,
R 5 min.—7 Lq \\ \\\\\\N

Clearance(see 5.5.2.1)

All linear dimensions are in millimetres.

Dimension Steel Design basis
A Carbon, alioy % & but not less than 5
and 500 Nb
B Carbon, alloy 8 minimum
and 500 Nb {t;— 1.5) where ¢; is over 9.5 up to and
‘ including 14
{t; — 3) where & is over 14 up to and
including 22

(- 6) where ¢ is over 22

C Carb
arbon i but not less than 10

Alloy and 500 Nb 24

3 Carbon t but not less than &

£, Alloy and 500 Nb Height of weld recess

NOTE 1. Dimensions.A and C are minima after machining the flange to final
thickness.

NOTE 2. ¢ is the calculated pipe thickness (see 4.2).

NOTE 3. The outer surface of the weld needs to lie wholly outside the position
indicated by the dotted line or full line, whichever is applicable.

NOTE 4. This type of attachment is suitable for the design conditions given in
table 5.5.2.2.

Figure 5.5(3) Type 3 ‘bore and back’ welded-on flange
(for metal-arc welding)

5/9
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v

55°max. R 5min.
// / Back fillet weld (see note 3)
7 e
X 1ele
N NS
h5°muxv R S/min. C|E
A 2

Clearance (see 5.5.21)

All linear dimensions are in millimetres.

Dimension Steel Design basis
A Carbon, alloy ' & but not less than 5
and 500 Nb
C Carbon 2 .

but not less than 10

Alloy and 500 Nb 2%

E Carbon % but not less than 6

E; Alloy and 500 Nb % & + 6 but not less than g

NOTE 1. Dimensions A and C are minima after machining the flange to final
thickness.

NOTE 2. #is the calculated pipe thickness (see 4.2).

NOTE 3. The outer surface of the weld needs to lie wholly outside the position
indicated by the dotted line or full line, whichever is applicable.

NOTE 4. This type of attachment is suitable for the design conditions given in
table 5.56.2.2.

Figure 5.5(4) Type 3A ‘bore and back’ welded-on flange
{weld preparation for use only with flanges positionally welded on
by the metal-arc process)
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70° max, Back fillet weld ° / Back fillet weld
70° max.
. {see note 3) < (see note 3)

R 3
3-1miny /\ N £ 3‘*— 4 > ¢

NSNS NN
£

___B_{ R5min.a_|5__/ £
Clearance (see 5.5.2.1) L Clearance (see 5.5.2.1)
(a) Type 4 flange (b} Type 4A flange

All linear dimensions are in millimetres.

. i Dimension | Design basis
i

B t; but not less than the weld leg length given in table 5.5.2.1

E 1% t; but not less than the weld leg length given in table 5.5.2.1

NOTE 1. Dimension 8 is the minimum after machining the flange to final
thickness.

NOTE 2. tis the calculated pipe thickness {see 4.2).

NOTE 3. The outer surface of the weld needs to lie wholly outside the position
indicated by the dotted line.

NOTE 4. This type of attachment is suitable for the design conditions given in
table 5.5.2.2.

Figure 5.5(5) Types 4 and 4A ‘face and fillet’ welded-on flanges
(for metal-arc welding)
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Back fillet weld
{see note 3)

AN

AN

——E

f

Clearance (see 5.5.2.1)

All linear dimensions are in millimetres.

Dimension | Design basis

A Y% t but not less than 5

B 8 minimum
and including 14

and including 22

(t; — 1.5) where t;is over 9.5 up to
(t; — 3) where t;is over 14up to

(t; — 6) where t;is over 22

E 1% t; but not less than the weld leg length
givenin table 5.5.2.1

the flange to final thickness.

NOTE 1. Dimension A4 is the minimum after machining

NOTE 2. is the calculated pipe thickness (see 4.2).

NOTE 3. The outer surface of the weld needs to lie
wholly outside the position indicated by the dotted line.

NOTE 4. This type of attachment is suitable for the
design conditions given in table 5.5.2.2.

Figure 5.5(6) Type 5 ‘bore and fillet’
welded-on flange (for metal-arc welding)

Back fillet weld
{see note 3)

NN

/~

E
AN NN

7

-
/
o R
45 mux%liﬁ
y £

Clearance (see 5.5.2.1)

All linear dimensions are in millimetres.

Dimension | Design basis

A % t;but not less than 5

E 1% t; but not less than the weld leg length
given in table 5.5.2.1

NQOTE 1. Dimension A is the minimum after machining the
flange to final thickness.

NOTE 2. t;is the calculated pipe thickness (see 4.2).

NOTE 3. The outer surface of the weld needs to lie wholly
outside the position indicated by the dotted line.

NOTE 4. This type of attachment is suitable for the design
conditions given in table 5.5.2.2.

Figure 5.5(7) Type bA ‘bore and fillet’
welded-on flanges (weld preparation for use
only with flange positionally welded on

by the metal-arc process)

5412
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] L
7 // See note 3

See note 3

3 I\ £
AN NN

1.5 max

1.5 max. L\ . .
Clearance (see 5.5.2.1) Clearance (see 5.5.2.1)

(a) Type 6 flange (b) Type 6A flange

All linear dimensions are in millimetres.

. Dimension | Design basis
B t; but not less than the weld leg length given in table 5.5.2.1

£ 1% t; but not less than the weld leg length given in table 5.5.2.1

NOTE 1. All dimensions are finished sizes.

NOTE 2. ¢is the calculated pipe thickness (see 4.2).

NOTE 3. The outer surface of the weld needs to lie wholly outside the position
indicated by the dotted line.

NOTE 4. This type of attachment is suitable for the design conditions given in
table 5.6.2.2.

Figure 5.5(8) Types 6 and 6A ‘slip-on’ welded-on flanges
(for metal-arc welding)

5/13
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/ See note 3

T AN NN ®

See note 3
13

Clearance (see 5.5.2.1)

Dimension | Design basis

B t; but not less than the weld leg length
given in table 5.5.2.1

E 1% t but not less than the weld leg length given
in table 5.5.2.1

NOTE 1. All dimensions are finished sizes.

NOTE 2. ¢ is the calculated pipe thickness (see 4.2).
NOTE 3. The outer surface of the weld needs to lie wholly
outside the position indicated by the dotted line.

NOTE 4. This type of attachment is suitable for the design
conditions given in table 5.5.2.2.

Figure 5.5(9) Type 7 'slip-on’ welded-on
bossed flange (for oxy-acetylene welding)
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Section six. Inspection and testing

6.1 Tests on pipes and fittings

6.1.1 Except as specified in 6.1.3, completed wrought
steel pipes and fittings shall be tested by hydraulic
pressure.

Where hydraulic testing is required, compliance shall be
demonstrated either by individual testing of components
before erection or, alternatively (subject to the adequacy
of the support system), a test of the pipe system after
erection (see 6.2). In the |atter case it shall be possible to
examine visually all parts of the components.

The test pressure P, (in N/mm?) shall be determined from
equation (43) subject to a maximum pressure equal to
1.5p.

Table 6.1.1 Values of the specified minimum
yield stress (R,)
Tube Steel grade Thickness | R,
standard
mm N/mm?2
BS 3601 ;| 320 195
360 =16 | 2356
>16 <40 | 225
>40 <65 | 215
430 =16 | 275
>16 < 40 | 265
>40 = 65 | 255
BS 3602: | 360 = 16| 235
Part 1 >16 < 40| 225
>40 <65 | 215
430 <16 | 275
>16 < 40 | 265
>40 < 65 | 2565
500 Nb = 16 | 355
>16 < 40 | 345
>40 < 65 | 3356
BS 3602: | 430 =16 | 250
Part 2 >16 < 40 | 240
490 =16 | 325
>16 < 40| 315
BS 3604: | 591 440
Part 1 620-440 290
621 275
660 300
622 275
762 470
BS 3604: | 620 340
Part 2 621 340
622 310
BS 3605: | 304811 215
Part 1 S31, SH1 230
316511, S13 225
S31, S33, §51, S52 240
321831, S51(1010) 235
S51 (1105) 190
347531, S51 240
215815 270
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P 0.83pR, )

where

p is the design pressure (in N/mm?2);

Re is the specified minimum yield stress selected from
table 6.1.1 {in N/mm2);

: f is the maximum permissible design stress
{in N/mm?2) at the design temperature (see 3.2).

The test pressure for a forged and/or cast pipe or fitting
shall be that for equivalent wrought steel pipe for the
same design conditions.

NOTE. Wateris normally used as the pressurizing agent. Where
other liquids are used, additional precautions may be necessary .
depending on the nature of the liquid. Attention is drawn to the
need to control the chioride content of test water in the case of
austenitic stainless steel pipes. To avoid the risk of freezing it is
recommended that the temperature of the water, if used, during
the test should be not less than 7 °C.

6.1.2 Pipes and fittings with flanges of rating equivalent
to or higher than PN 25 of BS 4504 shall be tested either
fully assembled or in sections with blank flanges bolted
on.

NOTE. Other pipes, if straight, may, uniess otherwise arranged
between the purchaser and the manufacturer, be tested between
the heads of a hydraulic pipe testing machine.

Blowdown pipes and drain pipes shall be treated as steam
pipes in accordance with section two.

6.1.3 Waiver of the hydraulic pressure test requirement
specified in 6.1.1 shall be permitted when both {a} and (b)
following are satisfied.

(a) Any of the following conditions apply:

(1) the pipes have been ultrasonically tested in
accordance with the requirements of any of the
following standards:

BS 3602 : Part 1 test category 1
BS 3604 : Part 1 test category 1
BS 3605 : Part 1 test category 1

(2) the pipes have been hydraulically tested at a test
pressure equal to or greater than that determined
from equation (43) in accordance with the
requirements of any of the following standards:

BS 3601

BS 3602 : Part 1 test category 2
BS 3602 : Part 2

BS 3604 : Part 1 test category 2
BS 3604 : Part 2

BS 3605 : Part 1 test category 2

(3) the pipes have been eddy current tested in
accordance with the requirements of any of the
following standards and the test pressure
determined from equation {43) does not exceed
140 bar:

BS 3601
BS 3602 : Part 1 test category 2
BS 3604 : Part 1 test category 2
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{b) If the work of manipulation and fabrication has only
involved one or more of the following:

(1) end preparation for welding;

(2) welding of minor attachments such as pressure
and temperature tappings subject to internal pressure
by agreement between the purchaser and the
manufacturer (see 1.4.2.3(1});

(3) butt welding where the butt welds have been
non-destructively examined in accordance with 6.3.

6.1.4 ".:ain vessels shall be hydraulically tested to 1.5
times i@ design pressure.

6.1.5 With the exception of unworked pipe as defined

in 6.1.3, the test pressure shall be maintained at the
required pressure for a sufficient length of time to permit a
visual examination to be made of all surfaces and joints,
and the test pressure shall be sustained for the minimum
times given in table 6.1.5 prior to visual inspection.

Table 6.1.5 Minimum duration for the
hydraulic test

Outside diameter Minimum duration of test

Pressure
above 7 N/mm?2

Pressure up to and
including 7 N/mm?2

mm min min
Up to and

including 273 10 15

Greaterthan273| 20 25

6.2 Hydraulic tests on pipe systems after
erection

6.2.1 A hydraulic test to a test pressure determined from
equation (43), subject to a maximum pressure of 1.5p,
where pisthe design pressure, shall be applied to the pipe
system after erection in the following cases.

(a) Class ! butt welded or fully flanged systems where
the requirements of 6.1.1 have not been complied with
before erection.

{b) Ali class Il butt welded systems (including systems
in which some flanged joints are used).

NOTE. If agreed between the manufacturer and the purchaser
(see 1.4.2.2 (e), it is permissible to omit the hydraulic test on
the completed installation provided that the requirements of
6.1.1 have been satisfied before erection and non-destructive
examination in accordance with 6.3.4 is carried out.
6.2.2 Where the system contains piping components of
differing calculated test pressures then the lowest test
pressure shall be applied.

Where there are connected components which are not
covered by this standard, the manufacturer shall ascertain
that such components are suitable for the application of
this test pressure or, if they are not, that the components
are isolated from the system under test.

6.2.3 Safety valve escape piping, including that which
incorporates bellows expansion joints, shall not be

subjected to a hydraulic test after erection. Where bellows
expansion joints are fitted, supports, anchors and guides
shall be designed in accordance with BS 6129 : Part 1.

6.3 Visual and non-destructive
examination

6.3.1 Visual examination

All welds shall be visually examined in accordance with

BS 1821,BS 2633, BS 2640, BS 2971 0r BS 4677 as
appropriate.

6.3.2 General requirements for non-destructive
examination
6.3.2.1 Procedures for non-destructive examination.

Non-destructive examination shall be carried out to
written procedures provided by the manufacturer and in
accordance with the following British Standard methods:

magnetic particle BS 6072
penetrant BS 6443
radiography (butt welds) BS 2910
ultrasonic BS 3923 : Part 1

{except where
specific variance
is indicated in the
following sections)

Type and extent of examination shall be as specified
in6.3.3 and 6.3.4.

Surface finish requirements of pressure containment
welds to facilitate examination shall be as specified
in 6.3.5.

6.3.2.2 Timing of non-destructive examination. The
non-destructive examination shall be carried out after
any required final heat treatment except in the case of
carbon, carbon manganese, grade 620 and grade 621
alloy steels where it is permissible to carry out the
examination before heat treatment in the following cases:

(a) butt welds;

{b) branch, socket and attachment welds, subject to
agreement between the manufacturer and the
purchaser (see 1.4.2.3(g)).

6.3.2.3 Non-destructive examination personnel

NOTE. The successful application of non-destructive examination
depends on the knowledge and experience of the personnel
responsible for producing the examination procedures and the
technical competence and ability of the practitioner to carry out
the procedural requirements and interpret results.

Unless otherwise agreed between the contracting parties,
(see 1.4.2.3(h)) the appropriate level and category of
certification of personnel shall be in terms of those
obtained from an agreed nationally accredited
certification scheme, e.g. the Personnel Certification in
Non-Destructive Testing (PCN) scheme.

6.3.3 Type and extent of non-destructive examination
for ferritic class | and austenitic welds

Type and extent of non-destructive examination for ferritic
class | and austenitic welds shall be as specified in

table 6.3.3.

The acceptable limitations in faults revealed by
non-destructive examination shall be as specified in

BS 2633 and BS 4677.
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Table 6.3.3 Type and extent of non-destructive examination for ferritic class | and austenitic welds

Butt welds and welds attaching branches (5 Socket welds
Material Pipe thickness <25 mm and Pipe thickness =25 mm or Design temperature Design temperature
grade outside diameter <170 mm outside diameter =170mm <400°C >400°C
(2) (711(8)
C,CMn, 620 10 % RAD or USE (3}86) 100 % RAD or USE (3) 10 % MPI (6) 100 % MPI
621,622 and 10 % MPI (6) and 100 % MPI
591 100 % RAD or USE 3) 100 % RAD or USE (3) Not to be used for this material
and 100 % MPI and 100 % MPI
762 100 % RAD or USE (3) 100 % RAD or USE (3) Not to be used for this material
and 100 % MPI or DP! (3) and 100 % MPt or DP1 (3)
660(4) 100 % USE (4) 100 % USE (4) Not to be used for this material
and 100 % MPI and 100 % MPI
Austenitic 10 % RAD (s) 100 % RAD 10 % DPI s) 100 % DPI
steels and 10 % DPl (s} and 100 % DPI

NOTE 1. Notation
RAD = Radiography
USE = Ultrasonic examination
MP! = Magnetic particle inspection
DPI = Dye penetrant inspection

NOTE 2. Where dissimilar grades of metals are joined together, the extent of non-destructive examination shall be that of the
higher grade.

NOTE 3. For materials where the method of non-destructive examination is optional and the purchaser has not specified one of
the options, the manufacturer may choose the method to be adopted.

NOTE 4. For material grade 660, where the geometric shape of the connecting pipes partially or fully restricts the ultrasonic
examination of the joint, radiographic examination may be used in the affected areas.

The examination is considered restricted when the full weld volume, including fusion faces, heat-affected zones and root areas,
cannot be fully covered by both normal and angle beams due to limited access for scanning or lack of acoustic contact on the
relevant scanning surfaces.

NOTE 5. All attachment welds other than branch welds shall be examined by the surface flaw detection technique and extent
specified for the grade of material and dimensions of the pipe to which the attachment is welded.

NOTE 6. Percentage non-destructive examination entails examination of a percentage of the number of joints per process per
welder. The joints selected for non-destructive examination shall be subjected to the appropriate volumetric and surface
examinations.

NOTE 7. Due to restricted access on branches of 50 mm bore and below, radiography may be waived.

NOTE 8. BS3923: Part 1is not applicable to pipes of wall thickness less than 6 mm or outside diameter less than 100 mm. Where
BS 3923 : Part 1 does not apply, then radiography may be substituted.

When random radiographic or ultrasonic examination 6.3.4 Type and extent of non-destructive examination

reveals unacceptable defects in a weld, at least two for carbon steel class 11 welds
further welds in the group represented by this weld shall
be examined by the same method. If the examination of
these further welds in the group reveals no unacceptable
defects, the defects in the first weld shall be repaired and to 400 °C, shall be as specified in table 6.3.4 except
re-examined by the original method. If the repair is where hydraulic testing in accordance with 6.2.1 has
satisfactory, the group of welds shall be accepted. If been carried out, in which case non-destructive
examination of either of the further welds in the group examination is not required.

reveals unacceptable defects, each weld in the group shall
be examined by the same method over its complete
circumference. Unacceptable defects shall be repaired
and then re-examined by the original method.

Type and extent of non-destructive examination for
carbon steel class |l welds other than for butt welds

Type and extent of non-destructive examination for

in the range 220 °C to 400 °C shall be as specified

. in 6.3.3.1(d).
Where examination specified in table 6.3.3 reveals faults T .
which are not within the limitations for class | welds, the The acceptaple Ilmltat.lons.. in faults revealed by .
faults shall be removed and the exposed part of the non-destructive examination shall be as specified in
junction rewelded as necessary and re-examined. BS 2971.
6/3
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When random radiographic or ultrasonic examination of 6.3.5 for the combination of non-destructive examination
all or part of a weld reveals unacceptable defects, one procedures.
further weld in the group represented by this weld shall be
tested to the same extent. If this further weld shows no Table 6.3.5 Weld external surface finish
unacceptable defects, the defects in the first weld shall be
repaired and then re-examined by the original method. If Non-destructive examination procedure
the repair is satisfactory, the group of welds shall be
accepted. If the further weld shows unacceptable defects, Material | Magnetic Radiography | Ultrasonic | Dye
R grade particle penetrant
each weld in the group shall be tested by the same
method and to the same extent. Unacceptable defects Finish number | Finish number | Finish number | Finish number
shall be repaired and then re-examined by the original C.C Mn |SP1/SP6 |SP1/SP6 |SP1/SP6 |SP1/SP6
method. 620,621 (see note 1)
Where examination specified in table 6.3.4 reveals faults
which are not within the limitations for class Il welds, the 591,622,
faults shall be removed and the exposed part of the 762 SP1/SP6 | SP1/SP6 |SP4/SP7 |SP1/SP6
juncti welded as n - ined.
junctionre as necessary and re-examined 660 Seenote 2 |Seenote2 |SP4/SP7 |Seenote?2 .
1
Table 6.3.4 Type and extent of non-destructive A”Stle”'t'c N°t|, o SP1/5P6 N°t|, o SP1/sP6
examination for carbon steel class Il welds steels applicable appiicable
{Applicable where welds have not been hydraulically NOTE 1. Finish SP4 shall be applied instead of SP1 where the pipe
tested in accordance with 6.2.1.) outside diameter geometry restricts the ultrasonic examination.
Butt welds and welds attaching branches Attachment NOTE 2. Welds joining chromium mo!ybden.um vanadium pipes
welds shall be dressed to a smooth contour, blending weld and parent
Outside diameter Outside diameter metal, and the reinforcemgnt shall be ground smooth to ensure
<170mm (s) =170 mm (4] the removal of all surface fissures and undercut (see clause 21 of
= BS 2633 : 1987).
10 % RAD or USE 100% RAD or USE 10 % MPI
12)(3) (2) 3)
NOTE 1. NOTATION External finish categories are illustrated in figure 6.3.5.1,
RAD = Radiography based on appendix B of BS 3923 : Part 1 : 1986 and are as

USE = Ultrasonic examination
MPI = Magnetic particle inspection

NOTE 2. Choice between radiography and ultrasonics shall be at

follows.
{a) Finishes SP1 and SP6. No dressing shall be required

the discretion of the manufacturer. except where necessary to remove the source of any

Where neither method is feasible then the surface flaw detection confusing ultrasonic signals or surface features which

technigue specified for attachment welds shall be used. may interfere with the interpretation of the weld when

NOTE 3. Percentage non-destructive examination entails the other non-destructive examination methods are

examination of a percentage of the number of joints per process employed. .

per welder. The joints selected shall be subjected to the
appropriate volumetric and surface examinations.

NOTE 4. For pipes where for manufacturing reasons the actual
minimum thickness at the weld is greater than twice the thickness

(b) Finish SP4. The weld, and where necessary the adjacent
parent material, shall be dressed to a sufficiently high
standard to allow ultrasonic probes to be scanned smoothly

calculated by equations (4) and (5), the entire circumference of over the surface while maintaining satisfactory and

10% of the butt welds and welds attaching branches of this reproducible coupling. The conditions required forthis are as
thickness made by each welder, selected at random with a follows.

minimum of one weld per welder, shall be subjected to non- ) )

destructive examination by either radiographic or ultrasonic (1) The maximum permitted deviation of the surface
methods. fromits ideal shapeis 1.5 mm in any 50 mm length of
NOTE 5. All butt welds complying with BS 2971 in carbon steel surface.

steam vent pipes shall be subjected to non-destructive
examination by either radiographic or ultrasonic methods over
their entire circumference.

On flat or straight sections, this shall be assessed by
measuring the maximum gap which can develop under a
50 mm long straight edge placed against the surface.

For butt welds connecting to welding elbows or other
curved surfaces, the maximum permissible deviation
insurface flatness is 1.5 mmin any 50 mm length

6.3.5 Surface finish requirements for pressure
containment welds

6.3.5.1 External finish. over and above the normal radius of the curved

NOTE. The external finish of pressure containment welds made surface. If acoustic contact is not attainable with the

in accordance with the appropriate welding standard may inhibit surface finish specified, then further dressing may be

the non-destructive examination of welds. carried out providing the remaining thickness is equal

Where non-destructive examination is required, the weld to or greater than the minimum pipe thickness. .
external finish and/or surfaces adjacent to the weld over {2) For wall thicknesses up to and including 100 mm

which angled ultrasonic probes are scanned shall be at least the centreline average, R, of surface finish from

in accordance with the highest finish number given in table which ultrasonic scanning is to be carried out shall be

6/4
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Local dressing only where found
necessary

{a) SP1:undressed

Deviation from flatness over any
S0mm length not exceeding 1.5mm

(c) SP4:fully dressed

Figure 6.3.5.1 External finish categories

Weld fillet substantially flat
except for Smm min. radius
at corners

Local dressing only where found necessary

{b) SP6: as welded

/

\

{d) SP7:dressed flat

equal to or better than 3.2 pm. For wall thicknesses
greater than 100 mm R, for the surface finish shall
not exceed 6.3 pm.

(¢) Finish SP7.The fillet weld shall be dressed smooth
and flat across its width, except at the corners where a
5 mm min radius is necessary to blend into the parent

material. R for the surface finish shall not

exceed 3.2 um,

6.3.5.2 Bore finish

Where ultrasonic examination is to be carried out, one
of the following bore finishes local to the butt weld
shall be provided:

(a) CB1:parallel counterbore with step well clear of
the bounce position for full-skip examination of the
near-side of the weld;

{b) CB2: parallel counterbore with step clear of weld
root but not necessarily beyond the bounce position of
CB1;

(c) CB3: parallel counterbore with step position
carefully controlled such that the lower part of the
weld may be inspected within half-skip range in front

of the counterbore, and the upper part between
half-skip and full-skip range with the bounce from
the inside surface occurring behind the counterbore;

(d) CB4: tapered counterbore, consisting of a shallow,
well defined, 5 ° taper.

These conditions are illustrated, and the relevant
dimensions given, in figure 5 of BS 3923 : Part 1 :
1986.

6.4 ldentification of materials

All ferritic alloy and austenitic stainless steel materials,
including weld metal, shall be checked after fabrication or
after erection to confirm the essential composition; this
shall be achieved by the method described in either
appendix C or appendix F of BS 7339 : 1990.

These checks shall include completed welds made on site
between items previously checked after fabrication.
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Appendices

Appendix A. Pressures in safety valve
discharge piping

A.1 The design pressures for safety valve discharge
piping may be calculated by the methods described in this
appendix (see 2.7).

Pressures calculated using the equations in A.2 and A.3
should be increased by 25 % before being used as design
pressures in accordance with 2.7.

A.2 The absolute pressure p (in N/mm?2) inside a pipe
carrying a compressible fluid at the rate of G {in kg/s per
square metre of cross section), originating from a vessel in
which its absolute pressure and density at rest were pg (in
N/mm2) and pg (in kg/m3}, can be expressed as:

p=rGVBx10-6 (44)

where

x 106
oy "

B is a factor (see table A.2} depending upon the ratio k
of the specific heat capacities during the expansion
and upon the friction length {see A.3) of the pipe.

A.3 The friction length /; equals 4fl/d where 4fis the
normal friction coefficient in the incompressible flow
formula where the pressure loss is expressed as:
2
ar L PV
d
2 (46)

where
! is the length (in m);
d is the internal diameter (in m);
p is the density (in kg/m3);
V is the velocity (in m/s);

and includes the usual allowance for bends and fittings
and for the resistance through any silencer where this
might be fitted and is calculated from the Reynolds
number Gd/y, where u is the dynamic viscosity

{in N-s/m?2), and the pipe roughness. The friction length is
measured from the point at which a critical pressure
would develop with the approximate values G and .

The value of the critical pressure p, (in N/mm?2) is given
by equation (44) using for B the value at /=0, and where

BS 806 : 1993
Appendix A
Issue 1, September 1993

the ambient pressure p, (in N/mm2) around the outlet of a
pipe exceeds p. a length /¢’ corresponding to:

2
8,= Pax105> (47)
rG

is added to /; before obtaining the value of B from which to
calculate the pressure at any point.

A.4 Consider the following example. To calculate the
pressure p at the upstream end of a straight pipe of
0.125 m diameter and 20 m long, exhausting to
atmosphere the steam from a safety valve mounted on a
superheater outlet where the absolute pressure is

7 N/mm2 and the temperature 500 °C, the maximum
quantity delivered by the valve being (a) 7 kg/s and

{b) 1 kg/s:

{a) (b)
r {m/s) 580 580
G (kg/(m2:s)) 570 81.5
k 1.3 1.3
palN/mm2) 0.1 0.1
B, 0.0915 4.475
Iy correspondingto B, O (since B,<8,;) 2.342
/¢ (with 4f=0.016) 2.560 2.560
e+l 2.560 4.902
Corresponding 8 4743 7.470
p (N/mm2) 0.72 0.129

A.5 The pressure in a small-bore pipe discharging into a
pipe of larger bore may be calculated in the same way, the
ambient pressure p, being taken for the purpose as the
pressure at the upstream end of the larger pipe, including
an allowance for sudden enlargement which, if estimated
on the conventional incompressible basis, will be on the
safe side. A critical pressure may or may not be found on
the exit of the small-bore pipe or at any enlargement.

A.6 Forthe purposes of exhaust pipe design, and where
certified discharge capacity is not available (see 2.7.2) the
mass flow discharge M (in kg/s) by a safety valve is to be
taken as:

pmo Avwox 105 (48)
1.6r
=625A,vpopo (49)
where

A, is the smallest area (in m2) available for flow through
the valve.

A/1
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Table A.2 Compressible flow factors
6
/f=4fdi g=(P*19%:
G
k=1.000 (seenote) | k=1.100 k=1.200 k=1.300 k=1.400
0 1.000 0.866 0.758 0.669 0.595
0.01 1.148 1.010 0.899 0.807 0.789
0.02 1214 1.074 0.961 0.868 0.789
0.03 1.265 1.125 1.011 0917 0.837
0.04 1.310 1.169 1.054 0.959 0.878
0.05 1.350 1.208 1.092 0.996 0.915
0.06 1.388 1.245 1.128 1.031 0.950
0.07 1.422 1.279 1.162 1.064 0.982
0.08 1.455 1.311 1.193 1.095 1.013
0.09 1.486 1.342 1213 1.125 1.042
0.10 1516 1.371 1252 1.1563 1.070
012 1573 1.427 1.307 1.207 1.123 .
0.14 1.626 1.479 1.358 1.258 1.173
0.16 1.677 1529 1.407 1.306 1.221
0.18 1.726 1677 1.454 1.352 1.266
0.20 1.772 1.623 1.500 1.397 1.310
0.30 1.986 1.833 1707 1.602 1.513
0.40 2179 2.023 1.895 1.787 1.695
050 2.358 2.200 2.069 1.959 1.866
0.60 2528 2.367 2234 2123 2028
0.70 2.689 2527 2.393 2.280 2.184
0.80 2.846 2682 2.546 2.432 2.335
0.80 2.998 2.833 2.695 2.580 2.481
1.00 3.146 2.979 2.841 2724 2.624
1.20 3434 3.264 3.123 3.004 2.902
1.40 371 3539 3.396 3275 3171
1.60 3.982 3.807 3.662 3.539 3434
1.80 4246 4.069 3.922 3797 3.691
2.00 4.505 4.326 4.177 4051 3.943
25 5136 4953 4.800 4671 4560
3 5.749 5.562 5.405 5272 5159
4 6.937 6.743 6.580 6.443 6.325
5 8.091 7.891 7.724 7.582 7.461
6 9.222 9.017 8.846 8.701 8.576 ‘
7 10.34 10.13 9.952 9.803 9.676
8 11.44 11.22 11.05 10.89 10.76
9 12.53 12.31 1213 11.98 11.84
10 13.61 13.39 13.21 13.05 12.91
15 18.94 18.71 18.52 18.35 18.20
20 24.19 23.94 2374 2357 2342
30 3454 3428 3407 33.89 3373
40 4480 4453 4431 4412 43.95
50 55.01 54.73 54.50 54.30 54.13
60 65.18 64.89 64.55 64.45 64.28
70 75.32 75.03 74.79 74.58 74.40
80 85.45 85.15 84.90 84.69 84.51
90 95.56 9526 95.00 94.79 94.61
100 105.7 105.4 105.1 104.9 104.7
150 166.1 165.7 155.5 155.2 155.0
200 206.3 206.0 205.7 205.5 205.3
300 306.7 306.4 306.1 305.8 305.6
500 507.2 506.8 506.5 506.3 506.0
1000 1008 1008 1007 1007 1007
NOTE. Orisothermic.
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Appendix B. Derivation of material
nominal design stresses

B.1 General

This appendix describes the principles used to derive the
nominal design stresses given in table 3.2 which, unless
otherwise stated, are related to the relevant property
values given in:

BS 1503 : 1989, BS 1504 : 1976, BS 3601 : 1987,
BS 3602 : Part 1: 1987, BS 3602 : Part 2: 1991,

BS 3604 : Part 1: 1990, BS 3604 : Part 2: 1991 and
BS 3605 : Part 1:1991.

Appropriate amendments to this appendix will be issued
as necessary to cover future revisions of the above
standards or additions to table 3.2.

B.2 Terminology

Ry isthe minimum tensile strength {in N/mm2)
specified, for the grade of steel concerned, at
room temperature (tested in accordance with
BS EN 10 002-1)

is the minimum yield or proof stress {in N/mm32)
specified for the grade of steel concerned at room
temperature {tested in accordance with

BS EN 10 002-1)

Re is the yield stress (in N/mm?) at temperature
T {in °C) of the grade of steel concerned (related to
values obtained when tested in accordance with
BS EN 10002-5); applicable to carbon, carbon
manganese and ferritic atloy steels and austenitic
stainless steels

Sge isthe mean value of stress (in N/mmZ2) required to
produce rupture in time t (in h) at temperature 7
{in °C) for the grade of steel in question {testing in
accordance with BS 3500)

fe  is the nominal design stress (in N/mm?)
corresponding to the short-term tensile strength
characteristics

fe  is the nominal design stress {in N/mm?2)
corresponding to the creep characteristics

f is the nominal design stress {in N/mm?2) which has
been taken as the lower of fg and f¢

B.3 Time-independent design stress, /;

B.3.1 General

British Standards listed in B.1 which have been revised in
or after 1978 specify minimum elevated temperature
yield/proof stress values derived in most cases in
accordance with the procedures specified in BS 3920 :
Part 1.

These values show some differences from the properties
specified in previous standards which were based on
individual assessments of the data then available. The

BS 806 : 1993
Appendix B
Issue 1, September 1993

procedure described in BS 3920 is essentially empirical and
properties derived by it are regarded as characteristic values
(to be used for quality control purposes as specified in the
relevant materials standards) rather than as critical properties
in the design context. Nevertheless it is reasonable and
convenient to base permissible design stresses directly on
these characteristic yield/proof stress values unless this
would result in design stresses for which there is no
justification in terms of previous experience and current
understanding of structural behaviour. This has been done
except in a few cases where design stresses based on the
simple relationships detailed in B.3.2 would have resulted in an
unwarranted reduction in the strength levels which have
previously been established for the materials in question.

The time-independent design stress criteria may be
applied to materials not included in the standards listed
in B.1 provided they comply with 3.1.2. Values of A, for
such materials shall be verified by tests in accordance
with BS EN 10002-5 at the appropriate temperature,
unless the values were derived in accordance with

BS 3920.

B.3.2 Carbon, carbon manganese and ferritic alloy steels

B.3.2.1 Material with specified elevated temperature values.
The time-independent design stress is determined as follows.

{a) Up to and including 50 °C:

R
fg = — or Am (50)
1.5 2.35
whichever is the lower.
(b} 150 °C and above:
R
fe = 2D o Am (51)

1.5 2.35
whichever is the lower.

{c} Between 50 °C and 150 °C: f¢ has been based on linear

interpolation between values obtained from equations (50)

and (51).
B.3.2.2 Material without specified elevated temperature values
(see note). The time-independent design stress is determined
as follows.

{a) Up to and including 50 °C:

fe = Ro o Am_ (62)
1.5 2.35
whichever is the lower.

(b) 150 °C and above:

fg = Ron or fm
1.6 2.35
whichever is the lower.

{c) Between 50 °C and 150 °C: f¢ has been based on linear
interpolation between values obtained from equations (52)
and (53).

NOTE. Values for R¢ny have been taken as equal to those specified for
otherwise similar materiats having specified elevated temperature
values, except where:

(53)

{1) no R values are available; or

(2) design stresses in table 3.2 for similar materials having specified
elevated temperature values are not directly based on specified Ren
values; or

B/1
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(3) the resultant values for f would be less than those
indicated by established and successful past practice for
equivalent materials.

In such cases, design stress values have been based on
consideration of past practice in equivalent materials, and/or
properties of equivalent materials in other product forms, and/
or values permitted for equivalent materials in other national
standards.

B.3.2.3 Austenitic stainless steels. The time-independent
design stress is determined as follows.
(a) Material with specified elevated temperature
values.
(1) Upto and including 50 °C:
fo = Re o Am. (54)
1.5 2.5
whichever is the lower.
(2) 150°C and above:

fo = Ao o Am_ (55)
1.35 2.5

whichever is the lower.

(3) Between 50 °C and 150 °C: f¢ has been based on
linear interpolation between values obtained from
equations (54) and (55).

(b) Material without specified elevated temperature
values (see note).
(1) Upto and including 50 °C:
fe = Ae o Am
1.5 25

whichever is the lower.

(56)

(2) 150°C and above:

or
1.45 25

whichever is the lower.

{c) Between 50°C and 150 °C: fg has been based on
linear interpolation between values obtained from
equations (56) and (57).

fo = Ben o Am_ (57)

NOTE. Values for Ry 5, have been taken as equal to those
specified for otherwise similar materials having specified
elevated temperature values, except where values of Ry(n are
not available when f; has been based on conservative
interpretation of other available information.

B.4 Time-dependent design stress, f;

The time-dependent design stress is determined as
follows.

fg= St {see notes 1 and 2) (58)

1.3

NOTE 1. The appropriate Sy, properties agreed by
Subcommittee 10 of Technical Committee 17 of the International
Organization for Standardization (1SO) have been used wherever
possible. These do not necessarily correspond to those specified
in the British Standards listed in B.1. In general time-dependent
values are not given for materials that are unsuitable or are
unlikely to be used in the creep range.

NOTE 2. In most cases the Sz, properties agreed by SO for
lifetimes in excess of 100 000 h have been obtained by extended
extrapolation of time {more than three times on actual data} and
those towards the upper end of the temperature range by
extended stress extrapolation. Tabulated design stresses that are
significantly lower than values well established by experience are
identified in table 3.2 which permits values up to 10 % higher to
be used provided fitness-for-continued-service reviews are
instituted at two-thirds of the agreed design lifetime.
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Appendix C. Examples of branch pipe
design
CA1 Example 1 (see figure C.1)

The following examples are for cases where branches
are normal to the main, thus

siny =100

dZy = d2

D2'y = DZ
C.1.1 Data

Assumed design conditions:

4.2 N/mm2
95.9 N/mm?2

C.1.2 Step 1: check whethe branches affect each other
Expression {15): branches affect each other if

L
Ao, + oy,
0
127* + 266"
Branches affect each other, therefore 4.8.5.2 applies.
C.1.3 Step 2: calculate thickness of main

Design pressure
Design stress

<1

=0

Evaluation of factors

fi_ 9539 =22.83

p 42
daa _ 4
dy
From figure 4.8.56.1, curve c
X = 049
Equation {18)
pD
2fiex +p
= 4.2x273 =11.68 mm
2x959%x1.0x049 + 42
The note to 4.8.5.2 suggests that ¢,y should be multiplied

tmy =

by 1.25 gg to limit iteration.

dy
Therefore t;,1 = 11.68x 1.25 = 146 mm
Mean thickness of main with tolerance of £12.5%

. 146 = 16.69 mm

0.875 {Say 17.5 mm)

C.1.4 Step 3: calculate thickness of branches

t,=17.5x0.875 = 1531 mm
Equation (22}
e s
D1 —
_ _2x1831 _otts
273 - 1531

* Assumed bore size.
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Equation (26)
Y = p(d1 + ta)
2fieqty

2 - X )
_ 4 {273 —(2x 15.31) + 15.31} 0369
2x959x 1.0x 15.31

From step 1 {see C.1.2) the branches require to be taken
as a pair. From table 4.8.5.2

C=1

Equation (25)
g1 =1-Cy{1-%
gag = 1 - 1(1 - 0.369}

=nA=nB

1t

0.369
0.369

]

d
Z2A and 28
d, a1

are > 0.3, thereforeJ = 2.2,

Equation {27)

Xy = —

Y

22
0.369
Consider branch A.
From figure 4.8.6.2(1)
2 > 0.7
d
Zy = 36.6
Equation (21)

K =y [ e
Zn

K = /0119
36.6 x 0.369

Equation (20)
K

tm2 = da
2 -K

Im2A = 00939 d2a = 0.0493d;4

2 — 00939

5.962

n

0.0939

doa + 2tm2a

Dja

Substituting for ;04
daa + (2x0.0493d5,)
1.0986d24
273
1.0986

Doa
273

248.5mm

i

dop

Dyp — dap
2

tm2a

273 — 2485
2

|
1

12.25 mm
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With tol +125%
! °er132"3‘;— ° 2. P _, 1397 = 1.49
toa = 2 = 140mm D 273
0.875 (Say 14.2 mm) Branch B complies with 4.8.3.

Consider branch B. C.1.6 Summary

From figure 4.8.5.2(1} Main 273 mm outside dia. x 17.5 mm mean wall
d thickness
—2 <07 o
J < ® Branch A 273 mm outside dia. x 17.5 mm mean wall
L o thickness
Zg = 705 . .
B . Branch B 139.7 mm outside dia. x 5.4 mm mean wall
Equation (21) thickness
£
K = - C.2 Example 2 (see figure C.2)
0.119
Kg= 4 [—M—MMM— = 0.0676 ‘
V 705x0.369 2'2'1 D:‘: _ N
Equation (20) ssum.e esignh conditions:
P Design pressure 27 N/mm?2
tmy = ds Design stress 165.5 N/mm?2
2-K C.2.2 Step 1: check whether branches affect each
0.0676 other
= 777 = 0.035d
fm28 2 _ 0.0676 92 28 Expression (15): branches affect each other if
Dy = dyg + 2tm2B _t 4
d2m + dZn
Substituting for t 28 Considerb hes V and W
Dog = dag + (2% 0.035d,p) onsider branches V an
139.7 = 1.07dy5 L _ 305194 - 0.286
139.7 doy + dow 194 + 194
dp = 107 = 13056 mm B .1 ches affect each other, therefore 4.8.5.2 applies.
Don — d C.2.3 Step 2: calculate thickness of main
¢ _ Z2B — Y28 )
m2B 5 Evaluation of factors
f 165.6
139.7 - 130.56 a_ 227 =6.133
= — = 457 mm -
2 p 27 .
With tolerance + 12.5 % dau  dov dow Aoy 4 Faz _ 194 _ ens
457 d d d d d 300*
trog = 5 = 522 mm ! ! ! ! !
0.875 {Say 5.4 mm) From figure 4.8.5.1, curve b
C.1.5 Step 4: check for compliance with 4.8.3 X= _0'661
Branch A Equation (18)
toa _ 142 _ogry  tmi= =220
t - 17.5 - 2f191X + p
1 .
Doa 273 = 27 406.4 = 44.62 mm
2- D—=2-2—7—3 = 1.00 (2x165.6x 1x 0.661) + 27
! Mean thickness of main with tolerance of + 10 %
Branch A complies with 4.8.3 but bore of branch is larger 44.62
than bore of main. Therefore increase thickness of branch = : = 4958 mm
to 17.5 mm. 09 (Say 50 mm)
Branch B. dy .
; 5.4 Check that —= lies between 0.3 and 0.7 to verify use of
2B 2% = 0.309 d
1 17.5 curve b of figure 4.8.5.1
dy 194

* Assumed bore size.
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Consider branches U and Z. Equation {21)

t,=50x09 = 45 mm K = &
Equation (22) Zn
e=_2ta KyandKz = 4 [ 0248 = 0.298
Dy-t, : 248 x 0.662
- 4026);45 = 0249 Equation (20)
4-45
tm2 = d2
Equation (26) 2-K
d t .
y= Pt tm2u and tmaz = _0298x 194 = 33.97 mm
2f 142 2~ 0298
_ 27{406.4 —(2x 45) + 45} - 0.655 Consider branches V, W, Y.
2x165.6x 1x45 Equation {21)
From step 1 (see C.2.2) the branches affect each other. K = &
From table 4.8.5.2 - Zn
Equation (25) .
4 Ky, KywandKy = (0249 = 0.366 mm
g1 =1-C1-Y V 4.248x 0438
guv: gvw. Equation (20)
n = g1%Xgrxg3 In2 = P dz
ny = 0.662 = 0.662
ny = 0.662 x 0.662 - 0438 tov tmgw and iy = 200X 194 43 45 mm
nw = 0.662 x 0.662 = 0438 2 - 0.366
ny = 0.662 x 0.662 = 0438 C.2.5 Step 4: check for compliance with 4.8.3
nz = 0.662 = 0.662 Branches U and Z
For all branchesiz— is > 0.3. ThereforeJ = 2.2. 2 = _:29_7_ = 0.679
d1 t 50
E ti 27 D. 194 + (2 x 33.97
quation (27) 22 _9_ _.__) =1.355
J D, 406.4
Xg= —
Y Branches U and Z comply with 4.8.3.
22 Branches V,W and Y
= = 3359
0.655 L _ A3 - 0.86
From figure 4.8.5.2(1), lower curve 1 50
Z = 4248
) 2_2_=2_ 194 + (2 x43.45) — 1309
D, 406.4
Branches U and Z comply with 4.8.3.
Branch pairs
uv uw uy vz vw vy vz wyY wz YZ
d2m + dy, 388 388 388 388 388 388 388 388 388 388
L 11 >388 | >388 | >388 | 111 >388 | >388 | 111 >388 | 111
2 286
0. 1 1 1 . 1 2 .
o + d, > > > 0.286 > 1 > 0.286 > 1 0.286
c 0.979 0 0 o] 0.979 0 0 0.979 (o] 0.979

and Standafds3
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C.2.6 Summary

Body 406.4 mm outside diameter x 50 mm D,,=139.7
mean wall thickness

Branches U, Z 194 mm bore x 34 mm minimum wall
thickness

Branches V,W,Y 194 mm bore x 44 mm minimum wall
thickness

L

273
7"

Alternatively, if it is necessary to use hot finished
seamless tube for the branches.

0, =

Branches U and Z outside diameter
~194 4 <2x 34) -269.6 - =

0.9

(Say 273 mm outside diameter) .

Use 273 mm outside diameter x 39 mm mean wall
thickness 0,,=273

Branches V, W and Z outside diameter
-194 + (2 N 44 ) -2918 All dimensions are in millimetres.
0.9

(Say 298.5 mm outside diameter) Figure C.1 Example 1 of branch pipe design

Use 298.5 mm outside diameter x 52 mm mean wall
thickness

A further solution may be obtained by recalculating using
modified bore sizes estimated to result in outside
diameters equal to the standard rolling sizes.

194 194

305 305 305 305

BN
406.4

T

194 194 194

All dimensions are in millimetres.

Figure C.2 Example 2 of branch pipe design
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Appendix D. Coefficient of linear
expansion for pipes

D.1 The coefficient of linear expansion of steel depends
on a number of factors such as the chemical compasition,
heat treatment and the method of manufacture.

The following value of the coefficient of expansion, a, per
degree Celsius for expansion from 0 °C to 7 °C will be of
sufficient accuracy for purposes of calculation:

a=(11.56+0.00557) x 10—6 for carbon and low alloy
steel

=(10.65+0.00307 ) x 10—6 for steel 762
= (9.74+0.00137)x 10—6 for cast iron
. =(16.21+0.00427) x 10~6 for austenitic steel

D.2 Table 4.10 gives the actual amount of expansion per
1 m length for a rise of temperature from 20 °C to the
temperature given.

D.3 The expansion per unit length between any two
temperatures T4 °C and 7, °C is given by:

a7y —ay Ty
where
a4 is the coefficient of expansion between 0 °C and
T'l OC,'
a» is the coefficient of expansion between 0 °C
and 7, °C.

D/1
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Appendix E. Recommended proof and rupture data in connection with flexibility analysis
(see4.11.2)

E.1 Steel tubes and pipes

The recommended proof and rupture data in connection with flexibility analysis for steel tubes and pipes are given in
tables E.1(1) to E.1(3).

Table E.1(1) 0.2 % proof stress values for steel tubes and pipes

Steel grade Values for 0.2 % proof stress (N/mm?) at temperatures (°C) not exceeding
20 100 150 200 250 300 350 400 450 500 550

3601-320 176 168 158 147 125 100 91 88
3601-360 195 187 176 165 145 122 M 109

‘ 3601-430 239 224 210 189 169 154 142 134
3602-360 212 198 187 170 150 132 120 112 108
3602-430 255 239 224 202 180 164 151 143 137
3602-490 315 262 247 230 214 196 182
3602-500 343 313 291 267 244 222 203 188 177
3604 Pt 1-591 440 422 412 402 392 382 373 343
3604 Pt 1-620-440 287 264 253 245 236 192 182 174 168 166 163
3604 Pt 1-621 272 248 237 228 218 174 165 167 152 150 149
3604 Pt 1-660 297 282 276 267 241 225 216 209 203 200 197
3604 Pt 1-622 272 261 253 245 236 230 224 218 205 189 167
3604 Pt 1-762 448 406 388 374 360 348 340 326 309 281 243
3604 Pt 2-620 340 280 270 258 247 228 215 211 206
3604 Pt 2-621 340 315 305 291 280 266 255 251 245
3604 Pt 2-622 310 292 283 275 266 260 252 245 231

Table E.1(2) 1 % proof stress values for steel tubes and pipes

Steel grade Values for 1 % proof stress (N/mm?) at temperatures (°C) not exceeding
‘ 20 100 150 200 250 300 350 400 450 500 550 600 650
3605-304 S11 215 168 150 137 128 122 116 110 108
S31 230 178 160 147 139 132 125 120 117
S51 230 178 160 147 139 132 125 120 117 115 112 109 104

3605-316 S11, S13 225 177 161 143 139 133 127 123 118
$31, 533 240 189 172 159 150 143 137 133 129
§51, 852 240 189 172 159 150 143 137 133 129 125 121 119 116

3605-321 S31 235 192 180 172 164 158 152 148 144
S$51(1010) | 235 192 180 172 164 158 152 148 144 140 138 135 130
S§51(1105) | 190 149 139 131 125 118 114 110 107 105 104 102 100

3605-347 S31 240 204 192 182 172 166 162 159 157
S51 240 204 192 182 172 166 162 159 157 185 1563 151
3605-215 S15 270 232 210 195 190 187 184 182 179 178 175 170 165
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E.2 Steel castings complying with BS 1504 (C)1A3vefage rupture stress is given by:
3FfxF

For (a), (b) and {c) above

fis the design stress (in N/mm?);
F is the casting quality factor (see 4.5).

In the absence of published data, the following values of
proof and rupture data in connection with flexibility
analysis are recommended for steel castings complying

with BS 1504,
(8)10$2f%;”°°f stress is given by: E.3 Steel forgings complying with BS 1503
. X
{b) 1 % proof stress is given by: The recommended proof and rupture data in connection
1.35fxF with flexibility analysis for steel forgings complying with

BS 1503 are given in tables E.3(1) to E.3(3).

Table E.3(1) 0.2 % proof stress values for steel forgings complying with BS 1503
Steel grade! Diameteror Values of 02 % proof stress (N/ mmzl at temperatures (*C) not axceeding .
equivalent
diameter
(see note) 20 100 150 200 250 300 350 400 450 500 550 600
164-490 <100 305 273 256 234 213
> 100<150 | 280 253 238 218 205! 192 182 173 168
221-410 < 100 215 192 188 181 168
> 100 205 178 175 170  1e2l 150 142 138 138
221-430 < 100 225 204 200 193 178
> 100 215 189 186 181 172! 160 163 148 145
221-460 < 100 245 222 218 210 194
> 100 235 206 203 197 1ggl 176 168 162 158
221-490 <100 265 240 236 227 210
> 100 255 222 219 212 203! 192 183 177 72
221-510 < 100 285 253 248 239 221 202 193 186 180
223-410 <100 245 216 207 195 180
> 100 230 201 193 181 173l 189 148 138 133
223-430 < 100 260 234 222 208 192
> 100 245 218 201 193 1ga) 171 160 150 144
223-460 < 100 290 261 246 227 210
> 100 270 243 229 211 202 190 178 167 161
223490 | < 100 320 288 269 247 228 '
> 100 295 263 250 230 219! 208 196 184 177
223-510 <100 340 305 285 259 239 220 207 196 188
224-410 < 100 235 215 204 188 171
> 100 220 200 130 175  1gal 152 141 134 130
224-430 < 100 250 229 217 199 182
> 100 235 213 202 1ss 175 162 151 144 139
224-460 < 100 275 251 236 217 198
> 100 255 233 220 202 1eo) 177 167 158 153
224-490 <100 305 272 256 234 213
> 100 280 253 238 218 205/ 192 182 173 188
224-510 < 100 315 287 268 245 224 202 192 183 177
225-440 < 100 340 306 284 258 240 220
> 100 300 272 260 245 231 21g) 206 195 187
620-440 275 241 224 213 197 184 170 162 157 151 146 145
620-540 < 200 375 340 328 315 303 294 284 279 273 265 251 240
621-460 275 260 245 234 218 205 191 183 176 167 163 162
660-460 300 282 276 267 241 225 216 209 203 200 197 164
271-560 370 341 330 322 312 306 298 288 282 269 255 221
622-490 275 261 253 245 236 230 224 218 205 189 167 145
622-560 370 347 336 329 320 313 302 295 289 259 226 193
762-690 <250 490 407 388 374 360 349 340 328 309 280 243 177
NOTE. If a solid forging has a reasonably cylindrical section at the position from which test samples are to be taken, the
. g. . . - . .
diameter at that position is the dimension referred to in this table.
If a solid forging is not cylindrical, or is hollow, the table refers to the equivalent diameter, which should be estimated for the
similar pasition on the forging using the rules given in BS 5046, a hollow cylinder being considered as a tube for the purposes of
that standard.
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COPYRI GHT British Standards Institute on ERC Specs and Standards

e o oy A W o ey o B 1 S ey



BSI BSx80b 93 WM 1L24&EY 0375537 208 W
BS 806 : 1993
Appendix E
Issue 1, September 1993

Table E.3(2) 1 % proof stress values for steel forgings complying with BS 1503
Steel grade Values of 1% proof stress (N/mm?) at temperatures (°C) not exceeding
20 100 150 200 250 300 350 400 450 500 550 600 650 700
304 511 215 168 150 137 128 122 116 110 108
304 831 230 178 160 147 139 132 125 120 117
304 S51 230 178 160 147 139 132 125 120 117 115 112 109 104 99
347 S31 240 204 192 182 172 166 162 159 157
347 851 240 204 192 182 172 166 162 159 157 165 153 151
321551-490 190 149 139 131 125 118 114 110 107 105 104 102 100 97
321831 235 192 180 172 164 158 1652 148 144
321551-510 235 192 180 172 164 158 152 148 144 140 138 135 130 124
316511 225 177 161 149 139 133 127 123 119
316513 225 177 161 149 139 133 127 123 119
316531 240 189 172 159 150 143 137 133 129
316533 240 189 172 159 150 143 137 133 129
316551 240 189 172 159 150 143 137 133 129 125 121 118 116 113
E/5
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Appendix F. Worked example of stress
calculation in a sectionalized pipe system

F.1 General

The calculation of bending moments and the identification
of maxima where various modes of operation can apply
becomes a lengthy exercise if undertaken manually, and it
is expected that where such systems are required to be
analysed recourse will have to be made to a computer
analysis using a program developed to comply with this
standard.

This appendix does, nevertheless, show how moment
data are to be abstracted.

A specimen configuration is considered and moment data
are tabulated to facilitate the various combinations
required to carry out the calculations required by this
standard. One particular point of high stress is
investigated in depth, values are calculated for hot stress
and stress range under all modes of operation as required
by the standard and the limiting values specified by this
standard for stress range and hot stress are also identified
and calculated.

For the example considered in this appendix, and in
particular for the point considered in depth, it will be seen
that in practice many of the steps need not be taken if the
calculation is to be carried out manually, e.g. it is seen that
in every case the combined transverse stress is greater
than the combined longitudinal stress, and obviously the
latter need not be calculated beyond the first case here.

F.2 ldentification of planes

The particular point considered in depth occurs on a bend
where the in-plane and out-of-plane directions are easily
identified. In-plane and out-of-plane directions are also
easily identified at branch junctions, but there is no
apparent planar logic to apply to a straight pipe.

However, as the calculation of stress levels at points that
are subject to varying modes of operation requires the
inclusion of moment levels not occurring simultaneously,
it is necessary to have a recognized terminology for
planar direction of straight sections.

While no direction is given in this standard on this
identification of planes in straight pipes, the following
separation of planes is intended.

If a plane is considered as lying between a straight pipe
and the vertical axis then this plane is in ‘in-plane’ of that
pipe.

Where a vertical straight pipe is being considered, then
the planar direction is that of the upper end bend or
junction. Where no such bend or junction exists, then the
lower end bend or branch is taken to identify the vertical
straight pipe plane.
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F.3 Specimen configuration and design
data

" The specimen configuration is shown in figure F.3.

Figure F.3 Specimen configuration

Design conditions
Design life 100 000 h

Pipe Pressure Temperature
bar °C

1and 2 13 340

2 13 450

3 13 450

Tee A1,A2 and A3 13 450

Material: BS 3602 : Part 1:1987. Steel 430 HFS
Pipe dimensions

Pipe Outside Pipe wall Tee wall
diameter thickness
mm mm mm
lTand2 168.3 8 9.5
3 114.3 6.3 7.1
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F.4 Ordinates of reference

The ordinates of reference are shown in figure F.4.

+Fy

\

i
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*MZ
*h
X +Fx

+M

Figure F.4 Ordinates of reference

F.5 Modes of operation

The modes of operation are as follows:

{a) Pipe 1cold {20 °C); pipes 2 and 3 at 450 °C and 13 bar.
{b} Pipe 2 cold (20 °C); pipes 1 and 3 at 250 °C and 13 bar.

{c) Pipe 2 cold (20 °C); pipe 1 at 340 °C and 13 bar;
pipe 3 at 450 °C and 13 bar.

{d) All pipes cold 20 °C.

{e) All pipes hot at 13 bar; pipe 1 at 340 °C; pipes 2 and
3 at 450 °C.

F.6 Determination of moments

Moments tables F.6(1) to F.6(4) show the values and
combinations.

All moments are expressed in N-mm x 108,

Table F.6(1) gives moments as calculated on the basis of

complete thermal expansion of the all-hot mode (e)
(see F.B). No credit is given for cold pull.

Table F.6(1) Stress range: cold-to-hot
{see 4.11.3.1(a) (1))
Mode Position Moments {N*mm x 10€)
M, m, m,
Range (d) to {e) A1 1.6 0.5 20
A2 1.2 1.0 0.8
A3 04 05 1.2
B 1.3 0.3 1.0
(o 0.8 0.4 0.8
D 1.6 0.2 0.3

In this case there is only one all-hot condition. Where
there is more than one all-hot condition, or when there is
no all-hot condition, then each cold-to-hot mode would
need to be considered separately to establish the most
onerous condition at any point (see note).

The moments given in table F.6(1) are used to calculate
the maximum stress range as defined in 4.11.3.1(a) (1) to
comply with the limitations of 4.11.2(a) (1) or (2).

NQOTE. Where there is no cold-to-hot or where there is more than
one cold-to-hot, the maximum moment in each plane for all
modes (in the case of no cold-to-hot) and all-hot modes (in the
case of more than one all-hot) should be first considered and, if
the permissible limit is not exceeded, then the limits will not be
exceeded under any individual mode. This will ensure that the
necessity to identify the worst case will apply only where the
permissible limit is exceeded.

Table F.6(2) gives moments calculated on the basis of
complete thermal expansion for combined modes (a}, (b),
(c) and {e). No credit is given for the cold pull.

F/2
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Table F.6(2) Stress range: sectionalized system, maximum difference
(no cold pull allowance) (see 4.11.3.1(a) (2))

Mode Position Moments (N*mm x 106)
M, M, M,
(a) Al +15 +04
A2 405 +02 -03
B +1.2 +02 +1.0
C -02 +02 +08
D (=17] 104 +05
(b) Al -02 ' Values used to
. A2 —_05 —04 +15 obtain greatest
difference shown
A3 —~15 106 105 boxed, e.q.
B +1.6 -04 +1.2
c —02 +03 —05
D -03 +04 +15
(e} Al 13 ] —03]| —05
A2 +1.0 -10
A3 +0.3 +1.3 —-15
B —15 +0.1 —02
C +1.2 +0.3 +1.3
D ~20 +12
(e) A1 +16 +20
A3 —_04 +05 ~12
B +1.3 -0.3 , +1.0
c +0.8 [Foa] +08
. D +16 —02
Greatest Al 3.3 08 4.6
difference A2 22 1.2 28
A3 23 1.9 28
B 3.1 0.6 1.4
C 1.4 02 1.8
D 3.7 07 1.2
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4.11.3.1{a) {2) requires that where a pipework system can
be sectionalized so that any point can be subject to
conditions other than all-hot or all-cold, then in addition to
the stress range calculation based on table F.6(1), the
maximum stress range based on the maximum difference
between bending moments in each plane shall be
calculated.

The moments tabulated in table F.6(2) are therefore
combined to show the maximum difference in each of the
three planes and these differences are used in the
calculation required by 4.11.3.1(a) (2).

4.11.2 states that, at no point in‘the pipes under cold or
any operating condition within the design limits, shall the
lower of the values derived from 4.11.2(a) (1) or (2) be
exceeded.

{in addition, the limiting requirements specific to the
sectionalized system as defined in 4.11.3.1(a) (2} shall
be satisfied.

Table F.6(3) gives moments as calculated on the basis
of complete thermal expansion of all-hot mode (e)
minus the theoretical cold pull.

Table F.6(3) Hot stress all-hot: hot expansion
minus cold pull (see 4.11.3.1(b) (1))
Mode Position Moments (N-mm x 108)
M, M, m,
All hot (e) Al 0.6 0.2 0.8
A2 0.5 04 0.3
A3 08 02 0.5
B 05 0.1 04
C 03 0.2 0.3
D 0.6 0.1 0.1

93 M 1b24b6bY 0375581 315 IR

The moments tabulated in table F.8(3) will be used to
calculate the hot stress as defined in 4.11.3.1(b) (1) to
comply with the limitation of 4.11.2(b). This calculation
is required only if the limitation of 4.11.2(a) (2} is more
onerous than that of 4.11.2(a) (1).

NOTE. This all-hot mode need not be calculated for a
sectionalized system where 4.11.3.1(b) (2) has to be calculated,

as it should always be less than this latter value and
has to comply with the same limiting value.

Table F.6(4) gives moments as calculated on the basis of
complete thermal expansion for combined modes (a), (b),
{c) and (e) minus the theoretical cold pull in each case.

4.11.3.1(b) {2} requires that, where a pipework system
can be sectionalized so that any point can be subject to
conditions other than all-hot or all-cold, then the higher

" value of either the maximum moment or the maximum

difference between the maximum moment and 0.5 times
the minimum moment in each plane under any hot
condition of operation shall be considered in addition to
the basic cold-to-hot condition pertaining to the moments
given in table F.6(3).

The moments tabulated in table F.6(4) are therefore
combined to show in each plane the maximum difference
obtained from any two moments in that plane, but with
only 0.5 times the lower of the two considered.

This difference is compared with the highest momentin
each plane and the higher of the two values is used in the
calculations to comply with 4.11.3.1(b) (2).

This calculation is only required if the limitation
of 4.11.2(a) (2) is more onerous than that of 4.11.2(a) (1).

F/4
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Table F.6(4) Hot stress, sectionalized system, highest or difference
{hot expansion, minus cold pull} (see 4.11.3.1(b) (2)
Figures in parentheses refer to the notes following this table.
Mode Position Moments (N-mm x 106}
M, M, M,
(a) Al —03m| +02=»| +1.22)
A2 +0.1 +0.31y} —02
A3 +021| -032| —1.02)
B +0.82| -01 —0.2(1)
C +03@2| +02 +03
D -02 +0.1 —0.2(1)
(b) Al +0.6 +02 —01
A2 +0.2(m{ —01 +0.2t)
A3 —082 -01 -0.1
. B -01 +022 +0.52)
C +0.2 +0.1 +0.11)
D -0.3 +0.1n| +0.2
(c) A1l +0.3 —-02(1| —-08
A2 -0.1 -0.1 +02
A3 -02 +0.3m| +06(1)
B -03m| -01 +0.1
Cc +0.2 +01 +0.82)
D -04¢1| =022 +0.712
(e) Al +0.6(21| +02 +0.8(2) Values used in stress
A2 —-056@2| —042| —0.32 calculation shown boxed, e.g.
A3 -02 +0.2 -05 ]
B +05 -0.4n| +04
C +03 +0.2(21| +0.3
D +0.6@2| —-01 +0.1
Position M, M, M, Position M, M, M,
Highest Al 0.6 0.2 1.2 Algebraic | A1 0.75 0.3 1.6
. moment | A2 0.5 0.4 0.3 difference | A2 06 045| ({04
A3 0.8 0.3 1.0 between A3 0.9 0.45 1.3
B 0.8 02 0.5 h'gdhgfg) B 095/ |(025] ||0.6
and 0. ;
c [03] | o2 flower | € 0.2 025| | 075
D 0.6 0.2 07 D [0.87] 0.25 [o.8 ]
NOTE 1. Moment which, when combined with higher, gives the greatest algebraic difference.
NOTE 2. High (also the higher of combined moments).
F.7 Limits F.7.2 The stress range limitation

F.7.2.1 All-cold to all-hot is to be the lower
of 4.11.2(a) (1) or (2).
F.7.1 General Criterion {i): 0.9 x proof stress at 450 °C =
In considering a sectionalized system, the limits applicable 123.3 N/mm2.
to one point in that system need not necessarily apply to

. Criterion (ii): 0.9 x proof stress at room temperature =
another point.

229.5 N/mm?Z.

Criterion (iii): 100 000 h mean stress to rupture at
design temperature (450 °C) = 78 N/mm?Z,

To illustrate the derivation of limits and combined
stresses, consider point B to the specimen configuration
(see figure F.3).

Criterion (ii) + criterion (iii) is less than criterion (ii) +
. criterion (i), therefore the limit for this mode (see
table F.6 (1))

=229.5 + 78 = 307.5 N/mm?

NOTE. The limitations of 4.11.2(a) (2) are more onerous than
those of 4.11.2(a) {1).
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F.7.2.2 The stress range for modes other than all-hot
should not exceed the all-hot limit {307.5 N/mm?) and in
addition should not exceed the sum of 0.9 times the
proof stress at the temperature at each end of the
application cycle.
For this additional limit, it is necessary to identify the
temperatures specific to the moments used in the
sectionalized system calculation. In this case at point B
(see table F.6(2)), the M, moments used to apply to
modes (b) and (c); the M, moments apply to modes (a)
and (b); the M, moments apply to modes (b) and {c).

At point B mode (a) 450 °C

At point B mode (b) 250 °C

At point B mode (c) 450 °C
So that the temperature at each end of the cycie used in
the calculation is 250 °C and 450 °C, respectively.

0.9 x proof stress at 450 °C = 123.3 N/mm?

0.9 x proof stress at 250 °C = 162.0 N/mm?
As 162.0 N/mm?2 + 123.3 N/mm? is less than the all-hot
stress range limit (307.5 N/mm?2), 285.3 N/mm?

becomes the limit for sectionalized stress range other
than all-hot.

F.7.3 All-hot stress limitation

The all-hot limit is defined by 4.11.2(b) as mean stress to
rupture in 100 000 h at design temperature (450 °C) =
78 N/mm2.

The hot stress for modes other than all-hot should not
exceed the all-hot limit, i.e. 78 N/mm2,

NOTE. The hot stress calculation is necessary only where the
stress range limiting criterion is determined by 4.11.2(a) (2) as it
is in this case.

F.7.4 Calculation of combined stress level at point B

F.7.4.1 Point B is on abend. 4.11.4 defines stress
evaluation on straights and bends.

From equation (28), the combined stress is

VF2 4 4f2
where
F s the greater of fy or f_ {in N/mm2);
fr isthe transverse pressure stress +transverse
bending stress (in N/mm?2);
f_ is the longitudinal pressure stress + longitudinal
bending stress (in N/mm?2);
f, is the torsional stress (in N/mm2).
At point B, from expression (29) the transverse pressure
stress is

pd +05p=11.07 N/mm2

2t

where
d =101.6mm;
t =6.3mm;

p =1.3N/mm2

At point B, from expression (32), the longitudinal pressure
stress is

2
_P9%  _4935N/mm?2
At{d+ 1)

where terms are as in expression (29).
At point B, from expression (31), the transverse bending
stress is

,
1 VIMFR)Z + (MoF 1o)2

where
r  =53.95mm;
I 31467 x 108 mm#%
M, is the in-plane moment {in N-mm); .
M, is the out-of-plane moment (in N.mm};

F1, is the in-plane transverse stress intensification
factor= 1.8 (see figure 4.11.1(3));

F1o is the out-of-plane transverse stress intensification
factor= 1.9 (see figure 4.11.1(5}).
Moments at point B
M, =M, (see torsional stress)
My=M,
MI = MX

F.7.4.2 Consider cold-to-hot stress range (mode {d) to (e)).
From table F.6(1)

M,=03

M, =13
Transverse bending stress for this mode therefore =
41.3N/mm2and fr=41.3+11.07=52.37 N/mm2,

At point B, from expression (34), the longitudinai stress is

,
1 VIMiFL)Z+ (Mo Fio)?

where terms are as for expression (31) except that:

F(iand F , are the in-plane and out-of-plane stress
intensification factors; and

FLi= 1.6 with FL0= 1.7

so that the longitudinal bending stress for this mode =
36.73N/mm2 and f = 36.73+4.935=41.67 N/mm2,
As f1is greater than | then F=f;=52.37 N/mm2.

At point B, from equation {35), the torsional stress is
M,(d+21)
41
M,=M,=1.0from moments table F.6(1).
Torsional stress for this mode therefore = 9.0 N/mm2.

The combined stress at point B for cold-to-hot stress
range mode (d} to (e) =55.377 N/mm2.

The stress range limit for this mode is 307.5 N/mm?Z.

F/6
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F.7.4.3 Considering the stress range at point B of the
sectionalized system for modes other than all-hot, the
moments are derived from table F.6(2). These are:

M, =14
M, =06
M, =3.1

Using these values in expressions (31), (34) and equation
(35) and combining with stresses from expressions (29)
and (32) to use in equation {28), the combined stress at
point B, for stress range modes other than cold-to-hot

= 108.9 N/mm2. The stress range limit for this mode is
285.3 N/mm?Z.,

F.7.4.4 Considering hot stress at point B for all-hot mode
{e), the moments are derived from moments table F.6(3).

NOTE. This value need not be calculated if F.7.4.5 has to be
calculated.

These are:

M, =M,=04

My=M,=0.1

M, =M,=0.5
Using these values in expressions (31), (34) and equation
{35) and combining with pressure stresses from

BS 806 : 1993
Appendix F
Issue 1, September 1993

expressions (29) and (32) to use in equation (28), the
combined hot stress at point B for all-hot mode {e)
=27.72 N/mmZ2. The hot stress limit is 78 N/mm2,

F.7.4.5 Considering the hot stress at point B of the
sectionalized system for combined modes (a), (b), (c) and
(e), the moments are derived from moments table F.6(4).
These are:

M=M,=0.6

My=M, =025

M, =M,=095
Using these values in expressions (31), (34 and equation
(35) and combining with pressure stresses from
expressions (29) and (32) to use in equation (28), the
combined hot stress at point B for combined modes (a),
{b), (c) and (e} = 42.9 N/mm2. The hot stress limit is
78 N/mm?2.

F.8 Conclusion

Stress range and hot stress levels at point B are
acceptable.
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Appendix G. Flexibility flow chart

A flow chart showing a typical sequence of calculations
for the flexibility analysis in 4.11 is given in figure G.1.

G/1
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Appendix H. Alternative method for
evaluation of stresses in branches
subjected to moment loads

H.1 Introduction

This appendix presents an alternative method of stress
evaluation at branch junctions to that given in 4.11.5.
The method is subject to the limitations given in H.3 and
to modified acceptance criteria as given in H.5. The
derivation of the method is described in the references
listed in H.6. The method is based on the use of
Effective Stress Factors (ESFs) defined as the ratio of the
maximum Tresca stress intensity (i.e. the maximum
principal stress difference) to the relevant nominal
stress.

H.2 Notation

D Main pipe mean diameter (in mm)

Do Branch pipe mean diameter (in mm)

d, Main pipe inside diameter {in mm)

D, Main pipe outside diameter {in mm}

f Stress (in N/mm?2)

F Effective stress factor (ESF)

Fa ESF for case t,/t; = D,,5/Dpy4

Fs ESF for case t,/t; = 1

M Bending or twisting moment (in N-mm)

P Internal pressure (in N/mm?2)

t Main pipe thickness (in mm)

t, Branch pipe thickness (in mm)

Z, Main pipe section modulus based on actual
main pipe dimensions (see H.4.3)

2 Branch pipe section modulus based on
unreinforced branch thickness (see H.4.3)

1,2 Subscripts — main or branch

p Subscript - pressure

x, ¥,z Space coordinates

H.3 Limitations of application

The method is limited in application to 90° branch
junctions of the ‘set on’ full penetration welded or non
protruding ‘set in’ full penetration welded types or to
branch junctions of homogeneous construction with
external profiles conforming to the minimum
dimensions of figure 5.4 and within the following
geometry ranges:

(@) b= D /t; <70
(0) Dpo/Dy < b, <10

The method is not applicable to welded branch
junctions incorporating compensating plates.
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H.4 Method of calculation

H.4.1 A set of nine moments acting at the branch
junction is produced by the flexibility analysis for the
loadings under consideration (see figure H.4.1(1)). It is
first necessary to interpret these nine moments in
terms of the six moments ‘cantilever model’ shown in
figure H.4.1(2). This is done as in the following example:

Consider the arbitrary balanced set of nine moments
(any units) indicated in figure H.4.1(3).

These give the following two load sets having ignored
signs:

Mx2 M y2 MZZ Mx1 My1 Mz1
9 11 21 5 8 19
9 11 21 14 3 2

The consequences of each of these two sets of six
moments are considered after the applicable ESFs have
been established.

H.4.2 ESFs for internal pressure loading and each of the
six moments defined in figures H.4.1(2) are established
as follows:

{a) Factor F, for geometry t,/t, =
figure H.4.2(1) (a) to (g).
(b) Factor Fg for geometry t,/t, = 1.0 from
figure H.4.2(2) (a) to (g).
NQOTE. The polynomial equations for the curves in
figures H.4.2(1) and H.4.2(2) given in table H.4.2,
For the actual value of t,/t, the ESF is found by linear

interpolation between the values obtained from (a) and
(b) using the formula

F=Fp-(Fp - Fo) | 2117 Pmz/Dm
1 - DmZ/Dm1

H.4.3 The stresses attributable to each of the seven load
categories {pressure and six moments) are determlned
as follows:

f, = Fy PDl2t,

D,,5/D,,, from

M., M, M,
fa =Fx1z_: fy1=Fy17y1’ fz1=Fz1‘ZL1
M., M, M,,
fo =Fe Z fy2=Fy2 Z; f12=F12_722_

The main pipe section modulus Z, is based on actual
main pipe dimensions D, and d,, i.e.

Zy=—— (D*-d"
b 3201 !
The section modulus for the branch pipe Z, is based on
the actual branch mean diameter but with unreinforced
thickness = 4{D,,/D,,q), i.e

m D5° . 3Dl + (/D))

Z; =

4 [1+ (/D )]

H/1
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H.4.4 Three stages of analysis of acceptability are
involved.

(a) The first stage is to calculate the branch and main
moment stress combinations. Thus, calculate
fi
fe=Ta+ o+
(b} The second stage involves combining branch and
main stresses as follows

c ™ fx1 + fy1 + fz1

f12 = f1c + f20
{¢) The third stage involves combining the net

moment stress f,, with the pressure stress f; using
circular interaction to give the total stress £, i.e.

ftot = \/ fpz + f122
The loading is acceptable provided the total stress £,
due to just one of the moment load sets as illustrated

at H.4.1 combined with the pressure meets the
appropriate acceptance criteria of H.5.

H.5 Acceptance criteria

The requirements of 4.11.2 and 4.11.3 as appropriate
are applicable. The relaxation factor g as defined in
4.11.5.1 shall be used with £, in all hot stress
evaluations.

H.6 References

1. MOFFAT, D.G., ‘Experimental Stress Analysis of Four
Fabricated Equal Diameter Branch Pipe Intersections
Subjected to moment Loadings and the Implications
on Branch Junction Design’, Proc. I.Mech.E., Vol. 119,
No. A4, 1985, pp. 261-284.

2. MOFFAT, D.G. and MISTRY, J., ‘Interaction of External
Moment Loads and Internal Pressure on a Variety of
Branch Pipe Intersections’, Proc. 6th Int. Conf. Pressure
Vessel Technology, Beijing, 1988, Pergamon.

3. MOFFAT, D.G., MWENIFUMBO, J.A.M., XU, S.H. and
MISTRY, J., ‘Effective Stress Factors for Piping Branch
Junctions due to Internal Pressure and External Moment
Loads’, I.Mech.E., J.Strain Analysis, Vol. 26, No. 2, 1991,
pp. 85-101.
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Figure H.4.1(1) Branch junction nine moment model
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]Myz
Moment vectors

My1
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Figure H.4.1{2) Branch junction six moment cantilever model

Figure H.4.1(3) Example of nine moment model
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Key

—A [,/ = 5.0
— — — -w0,/t=10.0
————— + 0,4t = 20.0
—-—-—x% 0,/ =300
— —0 0§,/ =40.0
————— 4 0.,/r =500
—-—>00,/#=60.0
' —% [ /= 70.0
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0 0.2 0.4 0.6 0.8 1.0
a)

o.10

m2 m1

D D t.
Figure H.4.2(1) F, versus —™2 for —™ = 2
Dm1 Dm1 t1
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Figure H.4.2(1) (continued}
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Key

————4 O, /4 = 5.0
— — —-%[,/}=10.0
————— + Dyl = 20.0
— - —-—X O,/ = 30.0
—— —0 O/ h = 40.0
————— * 0,4/t = 50.0
——-—0 0,,/t,= 60.0
o ———X 0 ,/t, = 70.0
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a) DmZ IDm1
D,
Figure H.4.2(2) F; versus —™2 for b =1
D 4
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Table H.4.2 Polynomial equations for figures H.4.2(1) and H.4.2(2)

Polynomials in the form ESF = a, + a; x + a,x2 + a;x3 + a,x* where x=D_ /D
0 1 2 3 4 m2/~m1

(a) t,/t; = D,,/D,,, cases
Loading D4/t a, a a, ag a,
P 5 2.500E + 00 1.946E + 00 7.781E + 00 -1.251E + 01 4.916E + 00
Figure H.4.2(1) (a}| 10 2.500E + 00 2.758E + 00 6.337E + 00 - 1.190E + 01 5.024E + 00
20 2.500E + 00 4.513E + 00 1.458E + 00 -7.179E + 00 3.541E + 00
30 2.500E + 00 6.445E + 00 -5.121E + 00 5.450E - 01 5.510E - 01
40 2.500E + 00 8.441E + 00 - 1.205E + 01 9.012E + 00 - 2.889E + 00
50 2.500E + 00 1.027E + 01 -1.779E + 01 1.576E + 01 - 5.603E + 00
60 2.500E + 00 1.157E + 01 - 2.061E + 01 1.811E + 01 - 6.286E + 00
70 2.500E + 00 1.186E + 01 - 1.859E + 01 1.315E + 01 - 3.503E + 00
M,, 5 2.000E + 00 —-6.136E + 00 2.169E + 01 -2547E+ 0 1.011E + 01
Figure H.4.2(1) (b)| 10 2.000E + 00 -3.188E + 00 1.579E + 01 - 1.763E + 01 6.494E + 00
20 2.000E + 00 8.022E - 01 6.439E + 00 - 5.755E + 00 2.320E + 00
30 2.000E + 00 3.358E + 00 —2.458E + 00 5.656E + 00 - 5.880E - 01
40 2.000E + 00 5.801E + 00 - 1.420E + 01 2.206E + 01 - 5,542E + 00
50 2.000E + 00 9.454E + 00 -3.212E+ 01 4.893E + 01 - 1.587E + 01
60 2.000E + 00 1.565E + 01 - 5.954E + 01 9.178E + 01 -3.492E + 01
70 2.000E + 00 2.570E + 01 -9.982E + 01 1.561E + 02 - 6.603E + 01
My1 5 1.000E + 00 4.841E - 02 - 3.858E - 01 6.542E - 01
Figure H.4.2(1) (c)| 10 1.000E + 00 7.162E - 02 - 6.556E - 01 1.263E + 00
20 1.000E + 00 2.304E - 02 - 6.367E - 01 1.913E + 00
30 1.000E + 00 -8.817E - 02 - 1.685E - 01 2.058E + 00
40 1.000E + 00 -1.851E - 01 3.943E - 01 2.000E + 00
50 1.000E + 00 -1.911E - 01 6.975E - 01 2.039E + 00
60 1.000E + 00 -2923E-02 3.864E - 01 2.477E + 00
70 1.000E + 00 3.776E - 01 -8.943E - 01 3.615E + 00
M, 5 3.000E + 00 -9.175E + 00 1.810E + 01 -9.995E + 00
Figure H.4.2(1) (d}| 10 3.000E + 00 -5.797E + 00 1.374E + 01 - 7.905E + 00
20 3.000E + 00 -1.028E + 00 6.667E + 00 —3.642E + 00
30 3.000E + 00 1.744E + 00 1.010E + 00 6.347E - 01
40 3.000E + 00 3.302E + 00 - 3.380E + 00 4.810E + 00
50 3.000E + 00 4.429E + 00 —7.095E + 00 8.771E + 00
60 3.000E + 00 5.909E + 00 -1.062E + 1 1.241E + 01
70 3.000E + 00 8.525E + 00 - 1.443E + 01 1.560E + 01
M., 5 1.000E + 00 -9.081E-01 5.565E + 00 -3.514E + 00
Figure H.4.2(1) (e)! 10 1.000E + 00 - 1.460E + 00 1.110E + 01 - 7.073E + 00
20 1.000E + 00 -9.492E - 01 1.819E + 01 - 1.183E + 01
30 1.000E + 00 1.122E + 00 2.129E + 01 -1.422E + 01
40 1.000E + 00 4.044E + 00 2.201E + 01 - 1.514E + 01
50 1.000E + 00 7.105E + 00 2.194E + 01 - 1.552E + 01
60 1.000E + 00 9.597E + 00 2.268E + 01 -1.628E + 01
70 1.000E + 00 1.081E + 01 2.584E + 01 - 1.833E + 01
My2 5 1.000E + 00 -9.276E - 01 4.106E + 00 -5.825E + 00 3.984E + 00
Figure H.4.2(1) (f} | 10 1.000E + 00 - 1.639E + 00 7.462E + 00 - 1.109E + 01 8.126E + 00
20 1.000E + 00 —1.845E + 00 9.221E + 00 -1.571E + 01 1.379E + 01
30 1.000E + 00 —9.008E - 01 6.045E + 00 -1.378E + 01 1.625E + 01
40 1.000E + 00 6.169E - 01 — 2.456E - 02 -6.977E + 00 1.588E + 01
50 1.000E + 00 2.139E + 00 - 6.986E + 00 3.077E + 00 1.301E + 01
60 1.000E + 00 3.095E + 00 -1.282E + 01 1.474E + 01 8.005E + 00
70 1.000E + 00 2.907E + 00 - 1.549E + 01 2.634E + 01 1.231E + 00
M,, 5 1.000E + 00 - 1.888E + 00 1.181E + 01 - 1.895E + 01 1.002E + 01
Figure H.4.2(1) (g)| 10 1.000E + 00 - 3.352E + 00 2.203E + 01 —3.588E + 01 1.938E + 01
20 1.000E + 00 —3.841E + 00 3.006E + 01 -5.113E + 01 2.931E + 01
30 1.000E + 00 - 2.031E + 00 2.621E + 01 — 4,840E + 01 3.065E + 01
40 1.000E + 00 9.480E - 01 1.603E + 01 - 3.575E + 01 2.709E + 01
50 1.000E + 00 3.940E + 00 5.203E + 00 - 2.150E + 01 2.243E + 01
60 1.000E + 00 5.817E + 00 ~7.491E - 01 - 1.369E + 01 2.033E + 01
70 1.000E + 00 5.426E + 00 3.842E + 00 - 2.060E + 01 2.459E + 01
H/13
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Table H.4.2 (concluded)

(b} t,/t, = 1 cases

Loading D4/t ag a, a, a, a,
P 5 2.500E + 00 -3.037E + 00 1.848E + 01 - 2.255E + 01 9.249E + 00
Figure H.4.2(2) (a)| 10 2.500E + 00 -2.173E + 00 1.499E + 01 -1.778E + 01 7.181E + 00
20 2.500E + 00 -1.017E + 00 1.088E + 01 -1.179E + 01 4.254E + 00
30 2.500E + 00 -1510E-01 8.684E + 00 - 8.532E + 00 2.417E + 00
40 2.500E + 00 8.633E - 01 6.619E + 00 - 6.068E + 00 1.107E + Q0
50 2.500E + 00 2.278E + 00 3.372E + 00 - 2.766E + 00 - 2.504E - 01
60 2.500E + 00 4.249E + 00 - 1.845E + 00 2.566E + 00 - 2.190E + 00
70 2.500E + 00 6.745E + 00 -9.344E + 00 1.077E + 01 - 5.246E + 00
M, ) 1.000E + 00 -3.210E-01 6.187E + 00 -9.997E + 00 5.321E + 00
Figure H.4.2(2) (b)| 10 1.000E + 00 -1.069E - 01 9.197E + 00 - 1.444E + 01 7.820E + 00
20 1.000E + 00 1.400E + 00 6.423E + 00 -9.736E + 00 6.720E + 00
30 1.000E + 00 3.675E + 00 - 2.525E + 00 3.791E + 00 2.131E + 00
40 1.000E + 00 5.491E + 00 - 1.098E + 01 1.496E + 01 - 3.638E - 01
50 1.000E + 00 6.221E + 00 - 1.225E + 01 1.258E + 01 4.827E + 00
60 1.000E + 00 4.842E + 00 3.130E - 01 - 1.450E + 01 2.327E + 01
70 1.000E + 00 4.345E - 01 3.334E + 01 -7.739E + 01 6.051E + 01
My1 5 1.000E + 00 2910E - 0 -1.321E + 00 1.340E + 00
Figure H.4.2(2) (c)| 10 1.000E + 00 5.315E - 01 - 2.482E + 00 2.615E + 00
20 1.000E + 00 6.908E - 01 - 3.497E + 00 4.087E + 00
30 1.000E + 00 B.767E - 01 - 3.348E + 00 4.559E + 00
40 1.000E + 00 3.762E - 01 -2.728E + 00 4.557E + 00
50 1.000E + 00 2.762E - 01 - 2.329E + 00 4.607E + 00
60 1.000E + 00 4.634E - 01 - 2.843E + 00 5.234E + 00
70 1.000E + Q0 1.125E + 00 - 4.962E + 00 6.964E + 00
M, 5 1.000E + 00 3.151E + 00 -9.702E + 00 1.348E + 01 - 5.940E + 00
Figure H.4.2(2) (d)| 10 1.000E + 00 5.984E + 00 - 1.746E + 01 2.373E + 01 ~1.016E + 01
20 1.000E + 00 8.795E + 00 ~2.209E + 1 2.788E + 01 - 1.066E + 01
30 1.000E + 00 9.257E + 00 - 1.858E + 01 2.015E + 01 ~5.411E + 00
40 1.000E + 00 9.124E + 00 — 1.465E + 01 1.249E + 01 - 2.089E - 01
50 1.000E + 00 1.014E + 01 -1.793E + 01 1.673E + 01 -8.115E - 01
60 1.000E + 00 1.405E + 01 -3.613E + 01 4,482E + 01 -1.302E + 01
70 1.000E + 00 2.262E + 01 - 7.693E + 01 1.087E + 02 - 4.264E + 01
M, 5 0. 2.113E - 01 2.280E + 00 -6.961E - 01
Figure H.4.2(2) (e}| 10 0. 4.077E - 01 5.007E + 00 -1941E + 00
20 0. 9.063E - 01 1.089E + 01 -5.251E + 00
30 0. 1.688E + 00 1.632E + 01 - 8.709E + 00
40 0. 2.923E + 00 2.012E + 01 -1.119E + 01
50 0. 4.780E + 00 2.107E + 01 - 1.155E + 01
60 0. 7.431E + 00 1.797E + 01 -8.672E + 00
70 0. 1.104E + 01 9.614E + 01 -1.421E + 00
My2 5 0. -1.261E - 01 9.783E + 00 -2171E+ 01 1.455E + 01
Figure H.4.2(2) (f) | 10 0. 1.166E + 00 1.834E + 00 - 7.429E + 00 8.331E + 00
20 0. 2.660E + 00 -5.730E + 00 4.207E + 00 5.263E + 00
30 0. 3.114E + 00 -5.314E + 00 -4.101E-01 1.118E + 01
40 0. 3.017E + 00 - 6.520E - 01 -1.376E + 01 2.189E + 01
50 0. 2.865E + 00 4.492E + 00 - 2.826E + 01 3.318E + 01
60 0. 3.152E + 00 6.356E + 00 - 3.634E + 01 4.084E + 01
70 0. 4.376E + 00 1.162E + 00 -3.041E + 1 4.065E + 01
M,, 5 0. 7.386E - 01 7.897E - 01 - 2.102E + 00 2.507E + 00
Figure H.4.2(2) {(g)| 10 0. 6.534E - 01 3.594E + 00 -6.215E + 00 5.122E + 00
20 0. 4.078E - 01 9.576E + 00 -1.622E + 01 1.164E + 01
30 0. 4.273E - 02 1.622E + 01 - 2.886E + 01 2.004E + 01
40 0. - 4579E - 01 2.368E + 01 - 4,439E + 01 3.045E + 01
50 0. -1.114E + 00 3.214E + 01 -6.307E + 01 4.306E + 01
60 0. - 1.944E + 00 4.177E + 01 - 8.620E + 01 5.804E + 01
70 0. - 2.966E + 00 5.275E + 01 -1.110E + 02 7.554E + 01
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BS 806 : 1993
Appendix J
Issue 1, September 1993

Appendix J. Branch connections: design
by analysis

J.1 General. This appendix gives guidance for the
derivation of stress systems from the application of
loads on branches whose pressure design is covered
by 4.8.

The appendix may be used at the discretion of the
designer when the limits of 4.11.2 following the
procedure given in 4.11.5 are exceeded.

J.2 Acceptability criteria. The requirements for the
acceptability of a ‘design by analysis’ are given as (a) to
(d) below.

An acceptable design assessment may be achieved by

’ use of:

(a) a recognized finite element code provided that the
modelling and solution procedures adhere to the
guide-lines set out by the National Agency for Finite
Element Methods and Standards (NAFEMS);

or

{b) a database of known stress intensities provided
the geometric parameters lie within the range of
applicability;

(c) the stress intensities obtained from the design by
analysis should not exceed the acceptance criteria
given by 4.11.2 for the appropriate load combinations
considered;

{d) the relaxation factor g given by 4.11.5.1 shall be
used in all hot stress evaluations.

J/1
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BS 806 : 1993
Issue 1, September 1993

BS 806 : 1993 Specification for design and construction of ferrous piping
installations for and in connection with land boilers

Enquiry Cases~Introduction

In accordance with the provisions of 1.2, the publication of Enquiry Cases will be notified in BS/ News and will be made
available for inciusion in the ring-binder in a separate section following the text of the specification and the appendices.
The table below is for recording cases as they are published and included in the binder, and for noting their subsequent
routing.

In general, cases will be extant, as adjuncts to the standard and open to public comment, until the text of the standard is
amended to incorporate the substance of particular cases. This will be done in the course of the normal updating
procedure and each case so dealt with will be recorded on the final page of the relevant amendment.

When a new edition of the standard is published, embracing all previously issued amendments, the relevant enquiry
cases will be removed from the list and only those remaining extant, as described above, will be referred to.
Consequently, the numerical sequence of enquiry case numbers in the first column will not be continuous because of
these omissions.

Enquiry Date of publication Subject of the Enquiry Case Subsequent Enquiry Case routing Date of
Cass No. {e.g. Incorporated into BS 808} subsequent actlon
806/1 July 1986 Use of materials complying with Revised
AP| 5L, ASTM A 106, A 182, June 1987
A 312 and A 336 (supersedes January 1991
Enquiry Case No. BS 806/A: December 1992

September 1982 to BS 806 : 1975
and extended to include
austenitic steels)

806/2 Novembher 1986 Occasional loads Revised
January 1989
July 1991
806/3 August 1987 Designing pipework in nuclear Revised
power stations to withstand safe July 1991
shutdown earthquake (SSE)
806/4 October 1989 EFW Alloy pipe for wet steam
applications
806/5 March 1990 Single non-repeated Revised
anchor/restraint movements January 1991
806/6 January 1991 Use of buttwelding pipe fittings
806/7 July 1991 Testing of pipe bends
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» & Enquiry Case 806/1 : July 1986
E to BS 806 : 1986
]

Issue 4, December 1992
PS

Enquiry Case BS 806/1

Use of materials complying with AP! 5L, ASTM A 106, A 182, A 312 and A 335

Enquiry

In order to deal with instances where piping materials complying with BS 3602, BS 3604, BS 3605 and BS 1503 are
not available for use in piping systems complying with BS 806 and where materials certified as complying with the
following APl and ASTM standards are available, can they be used as acceptable alternatives?

API 5L Specification for line pipe
ASTM A 106 Specification for seamless carbon steel pipe for high-temperature service

. ASTM A 182 Specification for forged or rolled alloy steel pipe flanges, forged fittings and valves for
high-temperature service

ASTM A 312 Specification for seamless and welded austenitic stainless steel pipe
ASTM A 335 Specification for seamless ferritic alloy steel for high-temperature service

Reply

1. For steels complying with AP| 5L, ASTM A 106 and ASTM A 335

Based on the editions current in 1984, steels complying with APl 5L Grade B and ASTM A 106 Grade B, with
maximum carbon content of 0.25 % (m/m) in both cases, and ASTM A 335 grades P11, P12 and P22 are acceptable.

The design stresses given in table 1 of this Enquiry Case may be used without the verification of R, (5 values, provided
that the heat treatment of completed pipes is as given in table 2 of this Enquiry Case.

In connection with the hydraulic pressure testing of pipework, the value of R, . the specified minimum yield stress,
should be taken as 241 N/mm2 for carbon steels and 207 N/mm2 for alloy steels.

In connection with flexibility analysis, the following values should be used:
(a) the expansion allowances given for carbon and low alloy steels in table 4.10 of BS 806 : 1990;
‘ (b) the moduli of elasticity given in table 4.11.1 of BS 806 : 1990;
(c) the 0.2 % proof stresses given in table 3 of this Enquiry Case;
(d) the average rupture stresses given in tables 4 to 6 of this Enquiry Case.
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July 1986

Enquiry Case 806/1

1986

Issue 3, January 1991

to BS 806
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Enquiry Case 806/1 : July 1986
to BS 806 : 1986

Issue 4, January 1991

. Table 2. Heat treatment of completed pipes
Material Specification Heat treatment temperature
Normalized Tempered Annealed
°C °C °C
Grade B of API 5L
Carbon steel { Grade B of ASTM A 106 880 to 940 - -
1Cr'22 Mo Grade P12 of ASTM A 335 900 to 960 650t0720 -
14 Cr /2 Mo Grade P11 of ASTM A 335 900 to 960 65010720 -
I 21/4Cr1 Mo Grade P22 (N+T) of ASTM A 335 900 t0 960 675 to 750 -
21/4Cr1 Mo Grade P22 {Annealed) of ASTM A 335 - - 900 to 960
NOTE. Read in conjunction with 5.2.1.
Table 3. 0.2 % proof stress values
. Steel grade Values of 0.2 % proof stress (N/mmz) at temperatures ("C) not exceeding

| 150 200 250 300 350 400 450 500 550 560 580

API 5L Grade B

ASTM A 106 Grade B } 203 183 165 149 136 128 123

ASTMA335P11,P12 205 194 184 157 138 135 133 128 112
ASTMA335P22A 104 96 90 85 82 77 74 70 62 60 56
ASTM A 335 P22(N+T) 163 155 146 142 138 133 123 114 106

Table 4. Average rupture stress values for steels Table 5. Average rupture stress values for ASTM

API 5L Grade Band ASTM A 106 Grade B steel A 335 Grades P11 and P12

Temperature Values of average rupture stress (N/mmz)for Temperature Values of average rupture stress (N/mmz)for

°c lifetime (h) °c lifetime (h)

100000 150000 200000 250000 100000 150000 200000 250000

380 171 164 159 155 480 210 194 180 170
. 390 155 149 144 140 490 177 161 148 139

400 141 134 130 126 500 146 132 122 114

410 127 121 116 113 510 121 108 99 91

420 114 108 104 101 520 | a9 87 79 74

430 102 96 92 89 530 ;8 71 64 59

440 30 84 80 77 540 67 57 52 48

450 78 73 69 66 550 ' 54 46 42 39

460 67 62 58 55 560 43 38 34 32

470 57 52 48 45 570 35 31 28 26

480 47 41 37 34 580

490 36 29 23

3
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Enquiry Case 806/1 : July 1986
to BS 806 : 1986
Issue 4, December 1992

Table 6. Average rupture stress values for ASTM .
steel A 335 Grades P22(A)and P22 (N +T)
Temperature Values of average rupture stress (N/mmz) for
° fifetime (h)
100000 150000 200000 250000
450 221 209 203 198
460 204 192 186 181
470 186 175 169 164
480 170 158 152 147
490 153 141 135 130
500 137 126 119 113
510 122 110 103 98
520 107 95 89 84
530 93 82 77 74
540 79 73 68 64
550 69 63 58 55
560 59 54 50 47
570 51 47 43 41
580 44 40 37 35 .

2. For steels complying with ASTM A 182 and ASTM A 312

Based on the editions current in 1984, steels complying with ASTM A 182 and ASTM A 312 Grades 304, 316, 321
and 347 are acceptable.

The design stress values given in table 7 of this Enquiry Case may be used without verification of R values for
materials certified as complying with the ASTM A 182 and ASTM A 312.

There is no limitation on the design pressure for these steels. Temperature limits are those indicated by the design
stress tabulated.

In connection with hydraulic pressure testing of pipework, the value R is given in table 7.
In connection with flexibility analysis the following values should be used.

(a) the expansion allowances given in table 4.10 of BS 806 : 1990;

(b) the moduli of elasticity given in table 4.11.1 of BS 806 : 1990;

(¢} the 1 % proof stresses given in table 8 of this Enquiry Case.

(d) the average rupture stress values given in appendix E of BS 806 : 1990 as follows:

Grade Table E.3(3) Grade Table E.1(3)

A 182-304 H 304 S51 A312-304H 3605-304 s51

A 182-316 H 316551 A312-316H 3605-316 S51, 852 .
A182-321H 321S851-510 A312-321H 3605-321 8§51, (1010)

A 182-347 H 347 S51 A312-347H 3605-347 851

4
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to BS 806

1986
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Table 8. 1% proof stress values
Grade Valtues of 1% proof stress (N/mm?) at temperatures {°C) not exceeding

50 100 150 200 250 300 350 400 450 500 550 600 650
304 L A205 161 144 132 123 117 111 106 104
304 230 178 160 147 139 132 125 120 117
304H 230 178 160 147 139 132 125 120 117 115 112 109 104
316L 205 169 145 134 125 120 114 111 107
316 240 189 172 1589 150 143 137 133 129
316H 240 189 172 159 150 143 137 133 129 125 121 119 1186
321 235 192 180 172 164 158 152 148 144
321H 235 192 180 172 164 168 152 148 144 140 138 135 130
347 240 204 192 182 172 166 162 159 157
347H 240 204 192 182 172 166 162 159 157 155 153 151

6
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Enquiry Case 806/2 : November 1986
to BS 806 : 1986
Issue 3, July 1991

Enquiry Case 806/2

Occasional loads

Enquiry

BS 806 does not make any provision for occasional loads such as wind gusts, shock from safety valves, pressure and flow
transients, and earthquake. In practice, analysis is carried out to show compliance with ANSI/ASME B31.1. Can rules be
given to confirm this practice when employing any of the following materials:

BS 3602 : Part 1 : 500 Nb

B8S 3604 : Part 1: 620-440

BS 3604 : Part 1 : 622

BS 3604 : Part 1 : 660
. BS 3604 : Part 1: 762

AP1 51 grade B

ASTM A 106 grade B

ASTM A 335 grade P11

ASTM A 335 grade P12

ASTM A 335 grade P22

Reply

The committee recognizes successful practice based on permissible stress criteria and assessment of component stress
differing from those in BS 806. In the absence of provision for occasicnal loads the following rules may be used.

1. Stress due to occasional loads

The effects of pressure, weight, other sustained loads and occasional loads including earthquake shall comply with the
following.

pd? , 075FMa  0.75FMs
4t (d +t) Z

‘ where

p is the design pressure {in N/mm?);

< kfy

d is the mean inside diameter of the pipe (in mm};
t is the mean thickness of the pipe {in mm);

F s the stress intensification factor as determined in item 2 of this Enquiry Case In no case shall the product 0.75F
be less than 1.0;

M4 is the resultant moment loading on the cross section due to weight and other sustained loads {in N-mm) (see item 3
of this Enquiry Case);

Mg is the resultant moment loading on the cross section due to occasional loads, such as wind gusts, shock from safety
valves, pressure and flow transients, and earthquake (in N-mm) (see item 3 of this Enquiry Case). |f calculation of
moments due to earthquake is required, only one half of the earthquake moment range shall be used. Effects of
anchor displacement due to earthquake may be excluded from the above equation if they are included in the

| calculation of the thermal stress range {(see 4.11.2(a) of BS 806 : 1990);

Z is the section modulus {in mm?);
fr s the permissible stress {in N/mm?) at the design temperature determined as the lowest of the following values:
(a) R, /4,
. {b) the average tensile strength at temperature/4;
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Enquiry Case 806/2 : November 1986
to BS 806 : 1986
Issue 3, July 1991

(c) R,1/1.5 for material with specified elevated temperature values; or
R, 1)/1.6 for material without specified elevated temperature values;
(d) Sg, at 100 000 hours/1.5;
(e) the 1 % creep stress at 100 000 hours.
where R, R, ) and Sy, are as defined in B.2 of BS 806 : 1990
NOTE. Values applicable to the listed materials are obtained from table 1 of this Enquiry Case.
k is a coefficient having the value 1.15 for occasional loads arising from events of duration less than 10 % of any

24 h operating period and 1.2 for occasional loads arising from events of duration less than 1% of any 24 h
operating period. Earthquake need not be considered as acting concurrently with wind.

2. Stress intensification factor F
The following values shall be used.

(a) Elbows and pipe bends:

®

)\2/3

where
tR

Py
<

r

A=

t is the mean thickness of pipe {in mm);

R is the radius of the bend {in mm);

r is the mean radius of the pipe (in mm).
{b) Mitre bends:

0.9

F= )\2/3

where
A is as determined in figure 4.11.1(7) of BS 806 : 1990.
(c) Branches:

where either
t
I (i A = 71 for tees in accordance with figure 4.11.1(6)(a) of BS 806 : 1990, or
1
’ (ii) \ is determined in accordance with figures 4.11.1(6}(b) or 4.11.1(6}(c) of BS 806 : 1990.

3. Moments and section moduli
{(a) Straight through pipe and components including curved pipe and elbow
The resultant moment shall be calculated as follows:

Ma=IME, + M2, +MP,)  and

Mg =\/(M:a +M§e +M22B)

where the additional subscripts are used to define the direction of the moment, i.e. x, y or z.
The section modulus shall be that of the piping.
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Enquiry Case 806/2 : November 1986
to BS 806 : 1986
Issue 2, July 1991

(b) Branches of equal bore to the main
The resultant moment of each leg shall be calculated separately as described in item 3(a) of this Enquiry Case.

The section modulus shall be that of the branch or main pipe. Moments shall be taken at the junction point of the legs
{see figure 1 of this Enquiry Case).

{c) Branches of unequal bore to main
The resultant moment of each leg shall be calculated separately as described in item 3(a) of this Enquiry Case.

Moments shall be taken at the junction point of the legs (see figure 1 of this Eriquiry Case), unless the designer
demonstrates the validity of a less conservative method.

The resultant moment for the reduced branch outlet.shall be calculated as follows:
M, Mg 2\/(M:3 + M:; + Mzza)
The section modulus Z of the reduced branch shall be

® s

where

ry is the mean radius of the branch {in mm);

t. is the effective branch wall thickness {in mm), being the lesser of the main thickness 1; or the branch thickness 1,
multiplied by the stress intensification factor £ derived from item 2(c) of this Enquiry Case.

The resultant moments for the main outlets shall be calculated as follows:

Ma, Mg =/ 1M, + M2 + M%)

Ma, Mg =/IM2 + M2, + M%)
The section modulus Z shall be that of the pipe.

4, Flexibility factor K
The following flexibility factor shall be used.
(a) E/bow and pipe bends:
_ 165

A

. where

A is determined from item 2 {a) of this Enquiry Case,

{b) Mitre bends:

K is determined from figure 4.11.1(7) of BS 806 : 1990.
, Single mitres shall be treated as widely spaced mitres with '
r{1+cota)
—
{c) Branches:
K=1

R =
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Enquiry Case 806/2 : November 1986
to BS 806 : 1986
Issue 2, July 1991

My3 -

- ~ Junction of legs

Figure 1. Moments: junction point of legs
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Enquiry Case 806/3 : August 1987
to BS 806 : 1986
Issue 3, July 1991

Enquiry Case 806/3

Designing pipework in nuclear power stations to withstand
safe shutdown earthquake (SSE)

Enquiry

BS 806 does not make any provision for designing pipework in nuclear power stations to withstand the safe shutdown
earthquake (SSE) loading. Can rules be given to cater for this event when employing any of the following materials?

BS 3602 : Part 1 : 500 Nb
BS 3604 : Part 1: 620-440
BS 3604 : Part 1: 622
BS 3604 : Part 1: 660
. BS 3604 : Part 1: 762

Reply

The committee recognizes the successful practice based on permissible stress criteria and assessment of component stresses
differing from those in BS 806. In the absence of provision for SSE loading, the following rules may be used.

1. Stress due to SSE

The effects of pressure, weight, other sustained loads and SSE shall comply with the following.

d*? 0.75FM 0.75FM
P + At 2 < kf,
44 (d +1) z z

where

p s the design pressure (in N/mm?);

d is the mean inside diameter of the pipe {in mm);
t is the mean thickness of the pipe (in mm);
F

is the stress intensification factor as determined in item 2 of this Enquiry Case. In no case shall the product 0.75F
be less than 1.0;

M, is the resultant moment loading on the cross section due to weight and other sustained loads (in N-mm) (see item 3
. of this Enquiry Case);

Mg is the resuttant moment loading on the cross section due to SSE (in N-mm) (see item 3 of this Enquiry Case).
When calculating the moments due to SSE, only one half of the earthquake moment range shall be used.
Effects of anchor displacement due to earthquake may be excluded from the above expression if they are

| included in the calculation of the thermal stress range (see 4.11.2(a) of BS 806 : 1990};

Z s the section modutus {in mm?);

f, is the maximum permissible stress (in N/mm?) at the design temperature determined as the lowest of the
following values:

(a) R, /4:
(b} the average tensile strength at temperature/4;
(c) Ryr)/1.5 for material with specified elevated temperature values; or
Rem/1.6 for material without specified elevated temperature values.
where R\, Ry and Sg, are as defined in B.2 of BS 806 : 1990

NOTE. Values applicable to the listed materials are obtained from table 1 of this Enquiry Case.

k is a coefficient for SSE loading to be agreed between purchaser and manufacturer having a value of either:
1.2 permitting the pipework or support to withstand the design loading without damage requiring repair; or

. 2.4 permitting gross general deformations with some consequent loss of dimensional stability and damage
requiring repair.
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Enquiry Case 806/3 : August 1987
to BS 806 : 1986
[ssue 2, July 1991

2. Stress intensification factor £
The following values shall be used.
(a) Elbows and pipe bends:

0.9
F= s
where
tR
)\ = —
JE)

t is the mean thickness of pipe {in mm);

R is the radius of the bend {(in mm);

r is the mean radius of the pipe {in mm).
(b) Mitre bends:

0.9

F= )\2/3
where

X is as determined in figure 4.11.1(7) of BS 806 : 1990.
(c) Branches:

0.9

F=F

where either

' {1) A = — for tees in accordance with figure 4.11.1(6}(a) of BS 806 : 1990; or
n
| (2) A is determined in accordance with figure 4.11.1(6)(b} or 4.11.1(6)(c) of BS 806 : 1990.

3. Moments and section moduli
(a) Straight through pipe and components including curved pipe and elbow
The resultant moment shall be calculated as follows:

Ma =M, +Mi,+MI,)  and

B =\AM:B +M:a +M3g)

where the additional subscripts are used to define the direction of the moment, i.e. x, y or z.

The section modulus shall be that of the piping. i

(b} Branches of equal bore to the main

The resultant moment of each leg shal! be calculated separately as described in item 3(a) of this Enquiry Case.
The section modulus shall be that of the branch or main pipe. Moments shall be taken at the junction point of the legs
{see figure 1 of this Enguiry Case).

(c) Branches of unequal bore to the main

The resultant moment of each leg shall be calculated separately as in item 3(a) of this Enquiry Case.

Moments shall be taken at the junction point of the legs (see figure 1 of this Enquiry Case), unless the designer
demonstrates the validity of a less conservative method.

The resultant moment for the reduced branch outlet shall be calculated as follows:

Ma, Mg =\/(M33 +Mis + Mis)
The section modulus Z of the reduced branch shall be

TH’:’I,
where
ro is the mean radius of the branch {in mm);

t. is the effective branch wall thickness (in mm), being the lesser of the main thickness ¢, or the branch thickness
t» multiplied by the stress intensification factor F derived from item 2(c} of this Enquiry Case.
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Enquiry Case 806/3 : August 1987
to BS 806 : 1986
Issue 2, July 1991

The resultant moments for the main outlets shall be calculated as follows:
2 2
Ma, Mg =\/(Mx1 tMyy M)

Ma, Mg = \/(M,'f2 M2, + M)
The section modulus Z shall be that of the pipe.

4. Flexibility factor K
The following flexibility factor shall be used.
(a) E/bow and pipe bends:
1.65
A

where

A is determined from item 2(a) of this Enquiry Case.

. (b) Mitre bends:

‘ K is determined from figure 4.11.1(7) of BS 806 : 1990.
Single mitres shall be treated as widely spaced mitres with
Ry = r{1+cota)
2
{c) Branches:
K=1

- ~ Junction of legs

Figure 1. Moments: junction point of legs
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Enquiry Case 806/3
to BS 806 : 1986

Issue 3, July 1991
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Enquiry Case 806/4 : October 1989
to BS 806 : 1986

STANDARD

Enquiry Case 806/4

EFW Alloy pipe for wet steam applications

Enquiry

The cold reheat and bled steam pipework associated with wet steam turbine generators transports large quantities of
medium temperature, low pressure, high wetness steam. To combat the corrosion-erosion phenomena pertinent to the
conditions in the above systems, a pipe material containing 2 % Cr 1Mo is required. BS 3604-622 seamless tube is not
available with the required large bore sizes and thin wall sections. it is requested that an appropriate tube is recommended.

Reply

It is considered appropriate that where the design stress is time independent and where large diameter tubes with a thin
wall section are required, it is acceptable to manufacture the tubes from steel plate or sheet longitudinally welded
continuously across the abutting edges by an automatic submerged arc welding process using at least one pass on the
inside and at least one pass on the outside of the tube.

Steel complying with grade 622/515A of BS 1501 : Part 2 is acceptable, provided that the sulphur content is limited to
0.015 %.

Prior to forming, the plate should be ultrasonically examined to grade L4 of BS 5996.

On completion of the tube fabrication, each axial seam weld should be stress relieved at a temperature as stipulated in
table 6 of BS 2633 : 1987.

100 % non-destructive inspection of the weld of each stress relieved tube should be carried out in accordance with table 1
of this Enquiry Case.

The design stresses are given in table 2 of this Enquiry Case.

In connection with the hydraulic testing of pipework, the value of Ry, the specified minimum vyield stress, should be
taken as 310 N/mm?2.

In connection with the flexibility analysis, the following values shouid be used:
. {a) the expansion allowances given for low alloy steels in table 4.10 of BS 806 : 1986;
(b) the moduli of elasticity given in table 4.11.1 of BS 806 : 1986;
(c) the 0.2 % proof stress given in table 3 of this Enquiry Case.

Pipe bends may be made by one of the following processes: hot forming; by welding together halves pressed from plate;
or by mitring pieces of pipe. All bends should comply with section four of BS 806 : 1986. Mitre bends should be made
only by cutting the faces of adjacent segments at the same angle « which should not exceed 11.25 °

The angle a is as shown in figure 4.4.2.2 of BS 806 : 1986.
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Enquiry Case 806/4 : October 1989

to BS 806 : 1986

Table 1. Weld inspection

Weld type

Inspection

Technique

Acceptance
Standard

Longitudinal seam welds

100 % Radiography

BS 2600 : Part 1

Appendix B of

BS 3602 : Part 2 : 1978
100 % M.P.I. BS 6072 BS 2633
Circumferential seam welds | 100 % Radiography|BS 2910 BS 2633
100 % M.P.I. BS 6072 BS 2633

Table 2. Design stress values

Part 2

Steel grade Value of f (N/mm?) for design temperatures (° C} not exceeding
50 100 150 200 250 300 350 400
622/515A of BS 1501 : 207 192 177 172 166 163 168 163

Table 3. 0.2 % Proof stress values

Steel grade

Value of 0.2 % proof stress (N/mm?) at tamperaturas (° C) not

exceeding

20 100 150

200 250

300

350 400

622/515A of BS 1501 :
Part 2

303 292 283

275 266

260

252

245

O(PYRI GHT British St andards Institute on ERC Specs and Standards
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Enquiry Case 806/5 : March 1990
to BS 806 : 1990
Issue 2, January 1991

Enquiry Case 806/5

Single non-repeated anchor/restraint movements

Enquiry

BS 806 does not make any provision for stresses developed by single non-repeated anchor/restraint movements which are
typified by building settlement. Can guidance be given to cater for this event?

. Reply

In the absence of provision for single non-repeated anchor/restraint movements, the committee considers that the effects
of any such movements should comply with the following.

(a) The stress should be calculated in accordance with 4.11 of BS 806 : 1990 taking the single non-repeated anchor/
restraint movement as the sole applied load. The cold condition elastic modulus should be used in the calculation.

(b) Where the design stress as given in table 3.2 of BS 806 : 1990 is time independent, the calculated stress should not
exceed 0.76 R, , where R, is the minimum tensile strength (in N/mm? ) specified, for the grade of steel concerned,

at room temperature (tested in accordance with BS EN 10 002).

(c) Where the design stress, as given in table 3.2 of BS 806 : 1990, is time dependent, the calculated stress should not
exceed the following values.

(1) For ferritic steels, 0.3 x 0.2 % proof stress {in N/mm?) at the design temperature as listed in table E.1(1)
of BS 806 : 1990.

{2) For austenitic steels, 0.3 x 1 % proof stress (in N/mm?) at the design temperature as listed in table E.1(2)
of BS 806 : 1990.

. Caution

Local overstrain

It is possible that a small part of a pipe system will undergo considerable inelastic strain when the rest of the system is
almost entirely elastic. This happens when the part concerned is appreciably weaker than the rest, either due to reduced
section size, weaker material or higher temperature. Conditions likely to cause significant inelastic strain should

preferably be avoided. If this is not possible, a more complete inelastic analysis should be undertaken.
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Enquiry Case 806/6 : January 1991
to BS 806 : 1990

Enquiry Case 806/6

Use of buttwelding pipe fittings

Enquiry

Under what conditions may buttwelding fittings to BS 1640 and BS 1965 : Part 1 be used in BS 806 pipework systems?

Reply

For buttwelding fittings complying with BS 1640 or BS 1965 : Part 1, the following should be observed.

Permissible Stress Level

Design ‘stress values’ should be taken from table 3.2 of BS 806 : 1990 when the material from which the fittings are
formed is listed.

When the material from which the fittings are formed is not listed in table 3.2 then stress levels may be taken from
Enquiry Case 806/1 or deduced from appendix B of BS 806 : 1990.

Design
The requirements of section 4 of BS 806 : 1990 should be satisfied.

In the case of ‘T’ pieces designed in accordance with 4.8 of BS 806 : 1990, the minimum thicknesses of the ‘T’ pieces
are defined as the lowest thicknesses applicable to the ‘T’ piece or the connecting pipes for the main and the branch, The
buttweld and the connecting pipes may be regarded as forming part of the reinforcement.
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Enquiry Case 806/7 : July 1991
to BS 806 : 1990

Enquiry Case 806/7

Testing of pipe bends

Enquiry

Clause 6.1.1 of BS 806 : 1990 specifies that completed wrought steel pipes and fittings shall be hydraulic pressure tested.
This pressure test may be waived under the circumstances which apply in 6.1.3 of BS 806 : 1990. Specifically this waiver
may be applied to pipes that have been examined in accordance with 6.1.3{a) and have been subjected to only limited
manipulation and fabrication work as defined in 6.1.3(b}. Would it be admissible to add bending to the operations listed
in 6.1.3(b) for pipes that have been ultrasonically tested in accordance with 6.1.3(a){1)?

Reply

The committee considers that for pipe bends that have been formed from pipe ultrasonically examined in accordance with
6.1.3(a){1), the requirement for hydraulic testing may be waived provided that ultrasonic examination is carried out after
bending, in accordance with the following.

(a) The uitrasonic examination should extend over the full extent of the pipe bend and should cover a minimum of the
extrados to the neutral axis.

{b) Examination should be carried out by an ultrasonic shear wave method, using equipment with the same ultrasonic
parameters and calibrated to the same sensitivity as used in the ultrasonic examination of the original straight pipe. Any
bend producing a signal lower than the test sensitivity should be deemed to have passed this test. Where a signal equal
to, or greater than, the test sensitivity is obtained, the bend should be designated suspect.

{c) For suspect bends, the following action may be taken.

(1) 1f it can be proved that the signal arises from a combination of minor imperfections, not in themselves deep
enough to cause rejection, the bend should be deemed acceptable.

(2) The suspect area may be explored by grinding, or dressing by an acceptable method and, after checking that
the remaining thickness is within thickness tolerance, the bend should be re-examined ultrasonically in accordance
with this procedure and if all signals are then lower than the test sensitivity, the bend should be deemed
acceptable.

(3) Suspect bends not meeting the requirements of {1) or (2) should be rejected.
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BS 806 : 1993
Issue 1, September 1993

BS 10

BS 21

BS 143 &
1256

BS 759

BS 1113
BS 1387

BS 1452
BS 1503

BS 1504

BS 1560

BS 1640
BS 1740
BS 1821

BS 1965

BS 2633
BS 2640
BS 2789
BS 2790
BS 2910
BS 2971
BS 3100
BS 3500

BS 3600

BS 3601

Publications referred to

Specification for flanges and bolting for pipes,
valves and fittings (obsolescent)

Specification for pipe threads for tubes and
fittings where pressure-tight joints are made on
the threads (metric dimensions)

Specification for malleable cast iron and cast
copper alloy threaded pipe fittings

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

Part 1 Specification for valves, mountings and
fittings

Specification for design and manufacture of
water-tube steam generating plant {including
superheaters, reheaters and steel tube
economizers)

Specification for screwed and socketed steel
tubes and tubulars and for plain end steel tubes
suitable for welding or for screwing to BS 21
pipe threads

Specification for flake graphite cast iron

Specification for steel forgings for pressure
purposes

Specification for steel castings for pressure
purposes

Circular flanges for pipes, valves and fittings
(Class designated)
Section 3.1 Specification for steel flanges

Specification for steel butt-welding pipe fittings
for the petroleum industry

Specification for wrought steel pipe fittings
(screwed BS 21 R-series thread)

Specification for class 1 oxy-acetylene welding of
ferritic steel pipework for carrying fluids

Specification for butt-welding pipe fittings for
pressure purposes
Part 1 Carbon steel

Specification for Class | arc welding of ferritic
steel pipework for carrying fluids

Specification for Class |l oxy-acetylene welding
of carbon steel pipework for carrying fluids

Specification for spheroidal graphite or nodular
graphite cast iron

Specification for design and manufacture of shell
boilers of welded construction

Methods for radiographic examination of fusion
welded circumferential butt joints in steel pipes

Specification for class Il arc class welding of
carbon steel pipework for carrying fluids

Specification for steel castings for general
engineering purposes

Methods for creep and rupture testing of metals

Specification for dimensions and masses per
unit length of welded and seamless steel pipes
and tubes for pressure purposes

Specification for carbon steel pipes and tubes
with specified room temperature properties for
pressure purposes

* Referred to in the foreword only.
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BS 3602

BS 3604

BS 3605

BS 3799

BS 3920

BS 3923

BS 3974

BS 4204

BS 4504

BS 4622

BS 4677

BS 4772
BS 4882

BS 5046

BS 5500

BS 5750 *
BS 6072
BS 6129

BS 6208

BS 6443
BS 6759

Specification for stee! pipes and tubes for
pressure purposes: carbon and carbon
manganese steel with specified elevated
temperature properties

Part 1 Specification for seamless and electric
resistance welded including induction welded
tubes

Part 2 Specification for longitudinally arc weld:
tubes

Steel pipes and tubes for pressure purposes:
ferritic alloy steel with specified elevated
temperature properties

Part 1 Specification for seamless and electric
resistance welded tubes

Part 2 Specification for longitudinally arc welde
tubes

Austenitic stainless steel pipes and tubes for
pressure purposes
Part 1 Specification for seamless tubes

Specification for steel pipe fittings, screwed anc
socket-welding for the petroleum industry

Derivation and verification of elevated
temperature properties for steel products for
pressure purposes

Part 1 Method of deriving the minimum
elevated temperature yield or proof stress
properties when data on a minimum of 50 casts
are available

Part 2 Method for deriving the elevated
temperature yield or proof stress properties
when data are limited

Methods for ultrasonic examination of weids
Part 1 Methods for manual examination of fusiol
welds in ferritic steels

Specification for pipe supports

Specification for flash welding of steel tubes for
pressure applications

Circular flanges for pipes, valves and fittings
(PN designated)
Section 3.1 Specification for steel flanges

Specification for grey iron pipes and fittings

Specification for arc welding of austenitic
stainless steel pipework for carrying fluids

Specification for ductile iron pipes and fittings

Specificaiton for bolting for flanges and pressure
containing purposes

Method for the estimation of equivalent
diameters in the heat treatment of steel

Specification for unfired fusion welded pressure
vessels

Quality systems
Method for magnetic particle flaw detection

Code of practice for the selection and application
of bellows expansion joints for use in pressure
systems

Part 1 Metallic bellows expansion joints

Method for ultrasonic testing of ferritic steel
castings including quality levels

Method for penetrant flaw detection

Safety valves
Part 1 Specification for safety valves for steam
and hot water
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BS 806 : 1993
Issue 1, September 1993

BS 7079 Preparation of steel substrates before application
. of paints and related products
Part A1 Specification for rust grades and
‘ preparation grades of uncoated steel substrates
j and of steel substrates after overall removal of
! previous coatings

BS 7339 Code of practice for supplementary checking of
metallic materials of construction in pressurized
systems

1 BS EN 10002 Tensile testing of metallic materials
Part 1 Method of test at ambient temperature
Part 5 Method of test at elevated temperatures

PD 6510 A review of the present state of the art of
assessing remnant life of pressure vessels and
pressurized systems designed for high
temperature service

Standards significant to Health and Safety at Work*t

ASTM E186% Standard reference radiographs for heavy-walled
(2 to 4% in. (51 to 114 mm)) steel castings

ASTM E280% Standard reference radiographs for heavy-walled
(4% to 12 in. (114 to 305 mm)}) steel castings

ASTM E446% Standard reference radiographs for steel castings
. up to 2 in. (51 mm) in thickness

PM 60t Steam boiler blow down systems

* Referred to in the foreword only.
t Published by the Health and Safety Executive.
$ Published by the American Society for Testing and Materials.
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BS 806 : 1993

BSI — British Standards Institution

BSI is the independent national body responsible for preparing British
Standards. It presents the UK view on standards in Europe and at the
international level. It is incorporated by Royal Charter.

Contract requirements

A British Standard does not purport to include all the necessary provisions of a
contract. Users of British Standards are responsible for their correct
application.

Revisions

British Standards are updated by amendment or revision. Users of British
Standards should make sure that they possess the latest amendments or
editions.

Any person who finds an inaccuracy or ambiguity while using this British
Standard should notify BSI without delay so that the matter may be
investigated swiftly.

BSI offers members an individual updating service called PLUS which ensures
that subscribers automatically receive the latest editions of standards.

Buying standards

Orders for all BSI, international and foreign standards publications should be
addressed to Customer Services, Publications at Milton Keynes:
Tel: 0908 221166; Fax: 0908 322484.

In response to orders for international and European standards, it is BSI policy
to supply the BSI implementation of those that have been published as British
Standards, unless otherwise requested.

Information on standards

BSI provides a wide range of information on national, European and
international standards through its Library, the Standardline Database, the BSI
Information Technology Service (BITS) and its Technical Help to Exporters
Service. Contact Customer Services, Information at Milton Keynes:

Tel: 0908 226888.

Subscribing members of BSI are kept up to date with standards developments
and receive substantial discounts on the purchase price of standards. For
details of these and other benefits contact Head of Customer Services,
Membership Group at Milton Keynes: Tel: 0908 226777.

Copyright

Copyright subsists in all BSI publications and no part may be reproduced in
any form without the prior permission in writing of BSI. This does not
preclude the free use, in the course of implementing the standard of necessary
details such as symbols and size, type or grade designations including use by
incorporation into computer programs, but where these details are reproduced
including without limitation in printed form, in computer programs or in any
other form whatsoever, the permission in writing of BSI must be obtained and
if granted will be on terms including royalty, before the product is sold,

BSI licensed or otherwise exploited for commercial gain. Enquiries about copyright
2 Park Street should be made to the Copyright Manager, Publications at Milton Keynes.
London
W1A 2BS

BSI

Linford Wood
Milton Keynes
MK14 6LE
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