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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supersedes the 1990 edition which is withdrawn.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 properties

Part 1 Specification for seamless and electric
resistance welded including induction welded 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 {15 Dec 1992) associated
with the 19580 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;

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

{vi
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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/mm?2 =
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 additiona! 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 ‘ssue 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;

lssue 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.
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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 6769.
{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 integra! 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 |ast 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
enquiry-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 mean inside 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.

t;  minimum thickness of the pipe calculated by the
appropriate equation {in mm)

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

bending allowance {in mm}

minimum thickness of the branch or main at the

branch position {in mm}

mean thickness based on limiting thickness

tolerances of the ordered pipe (in mm}

~

design temperature {in °C)
design pressure (in N/mm?2)
maximum permissible design stress {in N/mm?2)

R BRI~ B

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 mleQGMmeﬂtSe

using tolerances specified in the tube manufacturing specifications.
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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. it is 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 1.4.22and 14.2.3 10
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 veritied.
NQTE. 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 pipework and do not necessarily apply in every case; they
make provisions 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 Requirements to be agreed and documented at the
contract 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 arefis to be connected

(see 4.11.1}.

(e} Waiver of the hydraulic test after erection for
Class Il 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 Reguirements 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
techniques 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}.

Documents
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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,

222 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
rmounted 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 thatin 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 open, 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 ather 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

(i) 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 fora
maximum of 100 h in any one year or 40 °C for a
maximum of 60 h in any one year.
NOQTE 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 limits in (1}, (2) and (3) represent realistic figures for
modern control systems and ptant 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)}. Itis 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.

242 Design pressure

2.42.1 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
liquid.

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 2.5.1 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 ora
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 PM&0 "Steam boiler
blow down systems’.

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:

Tg — 41
1.15

7= ("

where
T 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.

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

2.6.3 The design temperature T {in °C} of 2 blowdown
vessel, or drain vessel, or atmospheric vent shall be
determined from:

g — 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 termperature 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 vaive 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 10
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
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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 T {in °C) of safety valve
discharge piping shall be:

T — 41
= —/— (3)
1.15

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

NOTE. Forthe purpose of calculatingothe 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

2/3
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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.
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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 refation 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 sulphur
content shall not exceed Q.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
oniy 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 VS,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
atherwise 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 another 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 nota)

Steel castings

Flanges and bolting

Forgings

BS 1387, BS 3601,
BS 3602 : Parts 1 and 2,
BS 3604 : Parts 1 and 2,

BS 143 and 1256,
BS 1640, BS 1749,
BS 1965 : Part 1,

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

BS 1504

BS 10, BS 1560,
BS 4504, BS 4882

88 1503

BS 3605 : Part 1 BS 3799

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 termperature exceeds 350°C,

* Percentage by mass.

% S, is the ariginal cross-sectional area of the gauge length of the tensile test specimen (see BS 18).
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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 th+ specified properties by a statement that the
manufacturing processes have remained equivalent to
those for the steel for which the test results 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

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 160 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/mm? 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/ar full temperature (ambient to design temperature).

4.2 Thickness of wrought steel straight
pipes

The minimum thickness ¢; {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:

12
e (4}
2fe + p

{b} using the inside diameter as the basis for
calculation:

o= P9 (5}
2fe - p

tf=

For (a} and (b} above

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

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:

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;

1.0 for longitudinally are welded pipes
complying with BS 3602 : Part 2 and

BS 3604 : Part 2;

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.

e =

a=

NOQTE 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 all
processes.
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4.3.1 Thickness of bends

Bends shall have a minimum wall thickness not fess than
t; except in the cases of 4.3.2.1(b) and (c). The minimum
thickness ¢, of a straight pipe from which a pipe bentto 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 t; 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, ¢, shall be given by:

t, = 1.125¢4 (6)

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

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

NOTE. 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 ¢, {in mm) shall not be less than that

calculated from the following:

=ty x 2270 o (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:

¢ N 2R —r
1.25 2R - 2r
For (b} and (c} above
R is the radius of the bend (in mm);
r is the mean radius of the pipe {in mm).

4.32.2 Thereis a minimum thickness for each size of
pipe, dependent on bending procedurs, 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.

(9

ti:

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 corBly with 5.2.2.

ocuments
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4.3.2.4 For pipes rolled to a specified inside diameter, the
minimum bending radii and corresponding thinning
allowance shall be that appiicable 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
Outside Radii measured to centre line of pipe
diameter
t, = 1.125 t;for t, = 1.1 tywhere
all thicknesses t = 32 mm or above

mm mm mm

26.9 65

33.7 75

42.4 100

48.3 115

60.3 150

76.1 190

889 230
101.% 265
114.3 305
139.7 380
168.3 480
193.7 630
2191 710
2445 81Q 1140
2730 1020 1270
3239 1220 1520
3656 1500 1780
406.4 1730 2030
457.0 2030 2280

44 Gusseted bends

4.4.1 General

There are two types of gusseted bends: mitred
{segmental) bends which shall comply with 4.4.2 and
cut-and-shut bends, which shall 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.

44.2.2 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 ¢4 {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
tg= ——— (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 mmj;
d is the mean inside diameter {in mmy};

X isfound from figure 4.4.2.4 with e, f and p as defined
in4.2.
The value of ¢ 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 thanf
{in mm) (see figure 4.4.2.2):

Ln =Cr (12)
where
r is the mean radius of the pipe, based on mean
thickness (in mm);
cC = 1'523 + 2tana; (13}
v/t

a is asshownin figure 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 £, either from
constructional considerations or to satisfy the requirements for
attachment of branches or brackets.

4.4.2.6 The minimum thickness, t,, 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).

4.4.2.7 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 vrt (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.

Documents
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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
ingpection 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 techniques 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 ¢; {in mm) of cast steel straight
pipes and bends, determined from equation (14), shall not
be less than 9.5 mm:

pd

= (14
2fF - p

L

where
p is the design pressure {in N/mm2);
d istheinside diameter of the pipe (in mm};

f is the maximum permissible design stress {in
N/mm?Z) 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 cylindricatl areas tocal to butt weld
ends up to a maximum distance of 2.5¢, where t is
the mean thickness of the pipe {in mm} from the
butt weld and where the whole of this area is
inspected 1o 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 tc 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}.

BS 806 : 1993
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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 biowdown 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 holted 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 Itis 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 shall be in
accordance with 4.2, but shall be not less than 1.25 times
the nominal thickness of pipe or tube. The threat
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 shalf 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 (42 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 ad , Qr
appointment only, at no charge: 5 East Bank Road, Sheffield $2 3PT. ﬁ%&’ﬂﬁ‘lents
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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
permitted at temperatures not exceeding 260 °C and
wishin the pressure limits given in table 4.7.4{1),
{b} Screwed joints with fittings complying with BS 143
& 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 BS 143
& 1256.
{c} Screwed joints are permitted at temperatures
exceeding 260 °C and size/pressure limits in excess of
those given in tabie 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
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;
{6) the pressure limits given in tabie 4.7.4(3) are not
exceeded.
{d) Screwed joints are permitted for temperatures in
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;
{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
excess of those given in table 4.7.4(3) up to 345 bar for
dead end instrument lines at the outlet end and
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.

4/4

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

Nominal Maximum pressure Joint type
pipe size for temperatures
not exceeding 260 °C
mm bar
6 10.5 Taper/parallel
8 10.5 Taper/parallel
10 10.6 Taper/parallel
15 105 Taper/parallel
20 105 Taper/parallel
25 10.5 Taper/parallel
32 9.0 Taper/paralle!
40 2.0 Taper/parallel
50 125 Taper/taper
65 12.5 Taper/taper
80 10.5 Taper/taper
100 2.0 Taper/taper

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

technigues and external forces.

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

Table 4.7.4{2} Minimum thickness of screwed

pipe complying with 4.7.4(c)

Nominal Minimum thickness

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

mm mm mm

8 224 3.02

10 2.31 3.20

15 277 3.75

20 2.87 3.9

25 3.38 4.55

32 3.b6 4.85

40 3.68 5.08

50 KRN 5.54

65 516 701

80 5.49 7.62

Table 4.7.4{3) Maximum pressure for screwed

pipe complying with 4.7.4{(c}

Nominal pipe size

Maximum pressure

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
41.5
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4.8 Branches

4.8.1 General

Branches shall not be welded to any main at an inciuded
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
less than the greater of:

1.833 \/ {di+ )X t/2 or 1.833 \} (D) — ) X t,/2
or
L
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 mmj};
d, is the mean inside diameter of the branch {in mmy};

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 main is 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 & 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

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 ¢,2, 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.

4.8.4 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)
d2m + d2n

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 shall 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).

with (a} or (b), the ratio of branch thickness to main pD,
. . Lo by = syt — (18}
thickness shall comply with the following limitation: m2 T 2hex+p
% 5(2 - _gz_) or
! 1 (o = P {17)
where 2fye,x - p
D, is the mean outside diameter of the main (in mm);
D, is the mean outside diameter of the branch {in pD,
mm); tpt = ——— (18)
’ 2f1E1X + 0
t, is the mean thickness of the main (in mmj; or
t, is the mean thickness of the branch (in mm); pd;
In no case shali the thickness of the main or branch be tm1 = 2fiex — p (19)
less than t;, determined in accordance with 4.2. T
f Documents
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where

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

D, is the mean outside diameter of the main (in
mmy};

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

Dy, = Dyfsiny

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

d,  isthe mean inside diameter of the branch {in
mm);

dy, = dyfsiny

f, 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;;

e, 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
vaYue derived from figure 4.8.5.1 shall be used
only to determine main thickness, and the
branch thickness shali be determined by using
an x factor of 1.0.

NQTE 1. The minimurn branzh thicknesses as calculated are a

Z is read from curve figure 4.8.5.2(1) by entering at
x, and reading from the appropriate dzy/d1 line;

X, is as defined in equation (27);

n = g,g,g; for each group of branches considered
{see equation {25});

ta is the actual minimum thickness of main at

junction with branch, i.e. minimuem 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 -Ci{1-Y)
gz =1-C,{1-Y) {25)
gz =1-Cz(1-Y)
dy +t
v - pldy + t3} (26)
2f181fa

where d4, f1 and e are in accordance with 4.8.5.1;

Cy, C,, C; are functions of the distances between the
branch being considered and the branch or
branches affecting that branch. The Cvalue
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));

function of the branch ingide or cutside diameter used in the J
calculation according 1o the equation used. If practical availability Xa = — (27)
considerations require that the branch inside or outside diameter Y
be increased above the vafue used in the calculation, then ¢ ; has
to be recalculated. m2 J = 2.2 except where sz/d1 < 0.3, when J=25;
NOTE 2. Tha values of t,,y and t,,; are minimum thicknesses and Y is as calculated from equation (26},
further provision has to be made for minus tolerance.
provis! ds folerance Where x4 is less than 2.5, the main thickness, t, is
4.8.5.2 A branch affected by one or more other branches. inadeguate and shall be increased.
The thickness of the main shall be determined from
equation (18} or (19} using the x factor applicable to the Table 4.8.5.2 FactorC
largest dz«,. of the group.
NOTE. Where d,, /d, ratio exceeds 0.8, in order to limit iteration it L c
is suggested that the main thickness obtained from equation (18} T a
or (19) be multiplied by the factor 1.25 d,,/d,. 2m © "2n
The tf}lckness of each branch shall be obtained from 1orgreater 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 0.8 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 Q.5 0.80
rmZ d2-{ (20)
2-K 0.4 0.94
where 0.3 0.97
P 0.2 0.28
K =¢/— (21)
Zn 0.1 0.99
0 1
. , 2t
inwhicheg = a or 213 (22)
d -
1+ e Dy —t, NOTE, Intermediate values
dy+t5< ho {23) may be obtained by linear
interpolation.
in which d = V21, {dq + t,) or V21,(D — ¢,) (24)
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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 inegquality {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 {18), (17) and (20} for reinforcement shall
extend for a distance not less than /D, 1., measured

from the cutside 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 fall to a place where the discharge
cannotinjure 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

BS 806 : 1993
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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 skip 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 shall be such as to
withstand vacuum conditions which may be created in
the annulus.

NOTE. Seealso 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 shall 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

20t0 50 0.38 0.33 0.49 0.29

20t0 100 | 098 0.88 1.34 0.78

2010 150 1.62 1.45 2.20 1.27

2010 200 2.30 2.04 3.08 1.76

2010 250 3.00 2.64 3.899

2010 300 3.73 3.25 4.92

2010 350 4.49 3.88 5.86

201t0 400 527 453 6.83

20t0 450 | 6.08 519 7.82

20t0 500 | 692 5.86 8.83

2010 550 7.79 6.55 9.86

2010600 | 8.68 7.28 10.91

2Q1t0 650 11.99

2010 700 13.08

2010 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
cannecting equipment without exceeding the
requirements specified in 4.11.2. Where practicable, the
requisite flexibility shall be provided in the layout of the
pipes.

Where lack of space or other considerations prohibit the
use of this method, the use of expansion fittings shall be
permitted, provided that the limitations imposed by
maximum design pressure, drainage, etc. are taken into
account.

If expansion fittings are used, detailed consideration shall
be given to the design of anchors, guides and ties to
ensure that these protect the expansion fitting and
accommodate the additional loads due to pressure
including any applied test pressure. (See also BS 6129
Part 1.}

A flexibility analysis shall be carried out if there is any
doubt as to the ability of the system to satisfy the
specified requirements.

in calculating the flexibility of a piping system, the
following requirements shall be observed.

{a) Wherever possible, piping systems shall be treated
as a whole between anchor points,

(b) Where itis necessary to make simplifying
assumptions for the purpose of reducing the complexity
of the flexibility analysis, particulars of such
simplifications shall be recorded.

(c) Alllinear and rotational restraints shall be taken into
account,

(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) to 4.11.1(8}). The flexibility factor for single
mitred bends shall be taken as unity. A flange correcticon
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 shail 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 aiso 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, ¢, and mean outside
diameter, D {or mean inside diameter, d} as defined in
1.3.2.

Table 4.11.1 Typical values of modulus of elasticity

Temperature | Modulus of elasticity
Carbon steels | Alloy Alloy Austenitic
320, 360, steels 591, | steel 762 | stainless
430, 490, 620, 621, steels
500 Nb 622, 660
°C N/mm? N/mm2 |N/mm2 |N/mm?
20 210000 210000 |215000 |205000
100 205 000 205000 |210000 |195000
200 200000 200000 (205000 [18000C
300 19C 000 195000 |195000 |180000
400 185 000 185000 190000 |170000
500 (175 00Q) 175000 |180000 [160000
600 (165 0QQ) 165000 165000 |1556000
700 - - - 145000
800 — - - 135000

NOTE 1. Intermediate values may be obtained by
interpolation.

NQOTE 2. The values in parentheses are indicative.

It is permissible to pre-stress the pipes to reduce end
effects under hot conditions of working and also to reduce
hot stress levels.
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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 shouid
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
simultaneocusly 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} Htimes 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/dy < 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 coid 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 given in 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 ¢reep rupture stress
values are given in appendix E. For steeis not covered by

appendix E, reference should be made to the applicable materials
standards.

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

i) pressure;

{ii) thermal {see 4.11.1);

(ili) deadweight including sustained external loads;
(iv) cold pull,

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*
4.11.3.1 In caiculating 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
alt 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 asscciated 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.
() 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
to the cold-to-hot definition as given in (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
and deadweight only and the bending and torsional
stresses obtained from expressions (31}, {33) and (34)
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. Documents

* 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 where

4,11.4.1 Combined stress f.. The combined stress value f, D is the mean outside diameter;
{in N/mm?2} on straights and bends including mitred d is the mean inside diameter
bends shall be calculated from: as definedin1.3.2;

a is as shown in fi 4322,
fo= VFZ 1 412 (28) ownintigure
o 4.11.4.3 Longitudinal stress L. The longitudinal stress |
w e“‘:f ‘ , {in N/mm?2) shall be calculated as follows.
F  isthe greater of fror fi lin N/mm<); (a) The longitudinal pressure stress on both straights
where and bends including mitred bends shalf be calculated
f1 isthe transverse stress [i.e. transverse pressure from:
stress + transverse bending stress) {in N/mm?), pd? (32)
seed4.11.4.2; atd + 1)

f_ is the longitudinal stress (i.e. longitudinal pressure N . . .
stress — longitudinal bending stress) (in N/mm2, {b} The longitudinal bending stress on a straight pipe

see 4.11.4.3: shall be calculated from:

fs is the torsional stress (in N/mm?}, see 4.11.4.4. g2t VM2 + M2 {33}

NQTE. For mitred bends within the limits of this standard 21
fr > 1L (c) The longitudinal bending stress at bends including

4.11.4.2 Transverse stress f1. The transverse stress f7 (in mitred bends shall be calculated from:

N/mm?) shall be calculated as foliows. N 2 >
— NIMFLI2 ~ (M F 34
{a} The transverse pressure stress on both straights ] (V£ L (MoF i) (34)
and bends excluding mitred bends shall be calculated where
from:
o F|i isthe in-plane longitudinal stress intensification
L + 0.bp (29) factor for bends from figure 4.11.1(2}, and, for
2t mitred bends, from figure 4.11.1(8) line B;
(b} The transverse pres_swe stress on mitred bends FL, is the out-of-plane longitudinal stress
shall be calculated from: intensification factor for bends from
pd flo + 1) figure 4.11.1{4), and, for mitred bends, from
‘l; + O.5pH1 + 0.6427 tana o (30) figure 4.11.1 {8 line B;
{c) The transverse bending stress on a straight pipe 4,'1 144 Tzorsrana/srress_fs. The torsnonal'stress_, s .
<hall be taken as 610 {in N/mm+) on both straights and bends including mitred
' ) bends shall be calculated from:
(d) Transverse bending stress at bends including mitred
bends shall be calculated from: ., = M id + 21) (385)
r 2 5 ) ¥
- VMFRIZ 5 (MoFro) B nere

For {a), (b) and {d) above M, s the torsional moment {in N-mm).

d s the meaninside diameter {in mm): 4.11.5 Stress evaluation at branch junction

t is the mean thickness (in mmy}; 4.11.5.1 Combined stress fcg. The combined stress fcp

is the design pressure {in N/mm?2); {in N/mm?Z2) at branch junctions shalt be considered

P ) ) ) ] . separately at connections 1, 2 and 3 {see figure 4.11.5.1)
M, is the maximum in-plane bending moment (in and shall be calculated from:

N-mmj};
M, is the maximum out-of-plane bending moment (in fee = qV¥fp? + 4fgp? {36)

N-mm);
Fr; isthe in-plane transverse stress intensification where

factor for bends from figure 4.11.1(3), and, for fg isthe transverse pressure stress at the junction

mitred bends, from figure 4.11.1(8} line A; plus non-directional bending stress {in N/mm?};
Fvo I8 the out-of-plane transverse stress intensification feg is the torsional stress at the junction {in N/mm?);

factor for bends from figure 4.11.1 {5), and, for g is the relaxation factor used in hot stress evaluation

mitred bends, from figure 4.11.1(8} line A; only (see 4.11.3.1(b));
r isthe mean radius of the pipe (in mm); q = 0.5 for d, /d, ratios in excess of 0.3; ‘
1 shallbe calculated {rom: q = 0.44 for d,, /d, ratios equal to or less than

; _ g iD4—d4) 0.3:
64 Documents
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d, , 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
in4.85.1);

dy is the mean inside diameter of the main {in mm).

NQTE. 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 ctause shall be at the discretion of the designer.

4.11.6.2 Transverse pressure stress. The transverse
pressure stress (in N/mm?} at branch junction shall be

calculated from:
(dy + 1} pm
2t,
where

(37)
(see notes 1, 2 and 3)

t; isthe actual minimum thickness of the main at the
kranch junction, i.e. minimum measured thickness
where the pipe is available or ordered thickness less
tube maker's tolerance {in mm};

p s the design pressure {in N/mm2);

m s the stress multipler equal to:

{a) for branch junctions where both ry/rqand t3/1,
are equal to or less than 0.3:

2.81’2 &

Fq \ f1ﬂ

{b) for branch junctions where gither or both of the
ratios rp/rqandt,/ty are greater than 0.3, m can be
obtained from figure 4.11.5.2 by entering at 2,
where:

2
z, =2y B
f2 ary
For{a) and (b) above
ry is the mean radius of the main at the junction,
based on mean thickness {in mmj;

ry  is the mean radius of the branch at the junction,
based on mean thickness {in mm};

m= 18+ {38)

(39}

1 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);

1 for branches not deemed to be interacting in
accordance with 4.8.4. For interacting branches
nis as defined in 4.8.5.2

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
mvalue 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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NQOTE 2. 4.8.3 permits the use of other forms of reinforcement
subject 10 the agreement of the purchaser and the manufacturer,
and also subject to the use of such reinforcementbeing
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

NQTE 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 hending stress at branch junctions shall be the
greatest value applicable 1o 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:

%1 VIMB)2 + (M B,)2 (40}

where
is 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(6} (see note 410 4.11.5.2);

B, isthe out-of-plane branch stress intensification
factor from figure 4.11.1(6) (see note 4 10
4.11.5.2};

ry isasdefinedin4.11.5.2;

I shall be calculated from:
j_miD4-d4
64
where
D is the mean outside diameter of the main;
d is the mean inside diameter of the main
as definedin 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 with r; substituted for ry {r,, t4 and ¢, being as
defined in 4.11.5.2). The value of I shall be calculated
from eitherf= 7ry3t, B orl= 7mry3ty 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,
d and [ are values applicable to the branch being considered.
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4,12 Drainage

4,121 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 ocecasionally, 1o be efficiently removed
from the system and for the required warming up rates to
be achieved.

NOTE. To essistin 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.

4122 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 1. Sag due 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 fiow of steam, a fall of not less
than 1in 40 is recommended.

Small pipes such as gauge connections, which might act
as reflux 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 ba 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
te 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 he

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 weided

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 crifice
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 10
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
handling 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 atinlet connections and where
supports apply concentrated loads to the shell.

NQTE. In general, a thickness to diameter ratio of about 1t 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 t0 150.
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4.13 Pipework supports

4.13.1 General
Pipe supports shall comply with BS 3974, where
applicable.

NQOTE. 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 elemenis 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 shail 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.

Whersa 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 cther pipe
attachments shall be such as to prevent damage to
insulation.

BS 806 : 1993
Section four
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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.q.
flanges and valves, imposed concentrated loads.
Deflections shall be such that the operation of the
equipment is notimpaired. 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

Ll L Ll

be staggered

Throat widths are specified in
BS 2633,BS 2971, B85 1821 or

BS 2640, as appropriate

whens < r(1 + tana)

4
t ’ |
(t=2H) ’
¢
|
L
d
= D _
R, = scota
g = 1 + cota)
2

Figure 4.4.2.2 Dimensional parameters for mitred bends and lugs

when s = r{1 + tana) or for a single isolated mitre

> 1.883Vnm

T No
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%gzxmo.et.z? tan a ¥ X )

a=0° 3°5°7.5°10° 15°

9.9.%

20

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

fe
P

Figure 44.24 X valyes required to satisfy mitred bend design requirements

gy =
2710
aand b=1.833 / (di+ )% t,/2 or 1.833 (D, - t;)x 1,42, and _dz

sin vy

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

v isthe 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 VD, f,,
{see 4.8.7) B it
{ greater than L less than L less than
d
@092 %2 ] I+ s 9yt g r 26 %2
| \L ' ,/ AN ' :
|
| NI RV N Y
Doy \ 1B ) D T T
lsiny sin7, siny siny |
Reinforcement’ N\ i Reinforcement
of main fo L greater than I of main fo
7 d1e 7 1
extend for dy+ d; extend for
this distance e e this distance
as this extends
further along
Reinforcement of branch to extend axis of main
for a distance not less than YO, t,, than this distance
{see 4.8.7)
d,, is unaffected by other branches
d,y, s affected by d,,
d,. is affected by dy, and dpy
o,y is affected by dy
{a)
Greater than Greater than
| T | T | T |
| | ; |
l | ! |
| | AT 1 :
| ! ' |
| [
| | 1 :
f | | .
- | _ - | -
' |
f |
i | i
: J d‘ : Reinforcement of
d | main to extend for
L - 29 this distance,
i.e.not limited to
S . d,, as therequirement
| for d,, is overriding
d,, and dy, form a pair affecting each other
(b}
Figure 4.8.4 Typical branch pipes '
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Less than
930+ Oy

Less than
Gy + Oy,

2g m

Less than
dlc + dld

| | !
! |,_Greater than |
} 20* &

£

o] [e
|
i

Q -
Grecter than
A+ dpa

d2 a

2b
d2n

(c)

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

i
nie

___+ 1)

. Greu’rer than !'!

Less than d2u+d2_c_{

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

Figure 4.8.4 (concluded)

Less than dy .t dzc
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