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Foreword

This British Standard, first published in 1938 and
subsequently revised in 1942, 1954 and 1967, forms
one of a series for boiler installations.

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

BS 1387 Sieel tubes and tubulars suitable for
screwing to BS 21 pipe threads
BS 3600 Dimensions and masses per unit length
of welded and scamless steel pipes
and tubes for pressure purposes
Steel pipes and tubes for pressure
purposes: carbon steel with specified
. room temperature properties
0 BS 3w02 Specification for steel pipes and tubes for pressure
vurposes; carbon and carbon mangancse steel with
specified elevated temperature prowvertics
Part | Seamless, electric resistance welded and
induction welded tubes
Part 2 Submerged arc welded tubes’
85 3co4 Specification for steel pipes and tubes for pressure
purposes; lerritic atloy steel with specified elevated
lemperature properties B

BS 3601

-‘*‘ N'/n\n-nj' = if‘\f‘l/h\)‘ = I MPa = 1O bar,

BS 806 :19756

Integral piping, i.c. ‘that piping within the whole
of the circulatory system of the boiler between the
water inlet valve and the steam stop valve and in
the case of a rehealer, between the rehieater inlet
header and the reheater outlet header’, is excluded
from this standard and is dealt with in BS 1113
‘Water-tube steam generating plant (including
super-heaters, rehcaters and steel tube

economizers)’. Also excluded is certain pipework, ~ =

e.g. water gauge pipes, connected to the boiler
pressure parts or to the pipes forming the main
circulatory system but not connected to external
cquipment or to atmosphers,

Information regarding the criteria used for the
determination of design stress values is given in
clause 7.

NOTE. To facilitate caleulations both pressurc and stress are
expressed in N/mm2*,

In this standard pressures are expressed as
‘gauge’ unless otherwise stated,

il any ambiguity be found or doubt arise as to the
mezning or effect of any part of this standard or as to
whether anything ought to be done or omitted to be
done in order that this standard should be complied
with in full, the question may be referred to the
Technical Committee responsible for this standard for
an interpretation of the requirements of this standard
upon the matter at issue. This provision is limited to
questions of interpretation and does not confer upon
the committee any power, duty or authority 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 interpretation
arrived at by the committee.

Findings or rulings of the committee upon all
enquiries, including matters of interpretation, which
are of sufficient importance that both enquiries and
replies be made public as soon as possible will be
published in an enquiry-reply form as Enquiry Cases.
Their availability will be notified in BSf News .
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British Standard Specification for

Ferrous pipes and piping installations
for and in connection with land boilers

Section one. General
1. Scope

This British Standard applies to the design and
censtruction of the ferrous pipework connecting
steam generating plant to engine, turbine, or
industrial plant and all auxiliary pipework in
connection therewith, together with the pipes and
pipe fittings forming parts of such installations for

(a) pipes of any bore where the pressure

exceeds 0.35 N/mm2;

(b} pipes over 250 mm bore for steam at

pressures up to and including 0.35 N/mm2.
NOTE. The term ‘pipe fitting’ in this standard includes tees,
¢lbows and specials, but excludes everything covered by
BS 759.

The standard applics to the use of carbon steel
for design temperatures up to 480 °C and to the
use of alloy steel for design temperatures up to
600 °C.

It does not apply to the component parts of the
boiler unit or to integral piping, which are dealt
with in BS 1113 and BS 2790.

Steam reccivers and separators are also excluded
from this standard.

2. References

The titles of the British Standards referred to in
this standard are listed on the inside back cover.

3. Prime symbols
The prime symbols used in the formulae in this
staridard are defined as follows:
D is the outside diameter* of the pipe (mm);
d is the inside diameter* of the pipe {(mm). This
should not be confused with nominal size,
which is an accepted designation associated
with outside diameters of standard rolling
. sizes; '
fy is the minimum thickness of pipe calculated
by the appropriate formula {mm);
1y, is the minimum thickness of pipe before
bending, i.e. f -+ bending aliowance (mm);
tm is the minimum thickness of branch or main
at a branch position (mm);
¢ is the mean thickness based on limiting
thickness tolerances of ordered pipe {mm);
7" is the design temperature ( °C);
p is the design pressure (N/mm?2);
S is the maximum permissible design stress
{N/mm?2}; .

' *These diameters zre subject to manufacturing tolerances, but these tolerances are nol to be used in the evaluation of formulae.

e is the weld efficiency factor (see clause 8);
P is the hydraulic test pressure (N/mm?2).

4. Information to be suppiied by the
purchaser
The purchaser shall state the following in all
enquiries and orders;
(a) the design pressure and temperature
determined in accordance with clause 5:
NOTE. It is the responsibility of the purchaser 1o ensure
that the requirements of clause 5 are fulfilled.
(b) the name of the Inspecting Authority, if any;
(c} whether or not the purchaser or his
representative desires to witness the tests;
(d) whether or not the purchaser desires to
receive test certificates;
() Design life of piping installations at design
temperature, where this is time dependent;’
(F) the pipe internad surtace condition required
betore erection, if notin decordance with the
requirements of clause 25,
(8) Whether the purchaser intends to institute
fitness for continued service reviews at two-thirds
of the lifetime specified in (e); see footnote to
appendix A}’ . )
(h) the category of test to which the tubes are to be
subjected where appropriate, e.g. BS 3602 : Part 1,
test category 1.

5. Design pressures and temperatures

For the purposes of this British Slandar‘d the

pressures and temperatures for which pipes and

pipe fittings are designed shall be as follows,

5.1 Design pressure for steam piping

5.1.1 The design pressure {or piping beyond the

steam slop valve shall be the design pressure of the

boiler, i.c. not less than the highest pressure at

which any safety valve is to be set to lift, except that,
(a) where the design temperature of the piping
exceeds 430 °Cin the case of carbon steels and
525 °Cin the case of alloy steels, and
{b} where the total capacity of the safety valves
on the superheater is not less than 20 97 of the
totul evaporative capacity of the boiler,

the design pressure of the stcam piping shall be the

highest pressure at which any supcrhc.atcr safety

valve is to be set to lift, provided that in no case

shall the design pressure ol the piping be less than

90 %, of the design pressure of the boiler.

5.1.2 Where there is no superheater, the design

pressure of the piping shall be the design Meu ments

of the boiler.

Y E102a -90 |
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5.1.3 Inreheat systems where the design
temperature of the piping exceeds 430 °C in the
case of carbon steels and 525 °C in the case of
alloy stcels, the design pressure shall be the lowest
pressure to which any safety valve on the reheat
system is (o be set to lift.

5.1.4 Inreheat systems where the design
temperature of the piping does not exceed 430 °C
in the case of carbon steels and 525 °Cin the case
of alloy steels, the design pressure shall be the
highest pressure at which any safety valve on the
reheat system is to be set to Iift.

5.1.5 Forreduced pressure.systems, the pressure
may 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 no protective device as hereinafter
described 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.

Where a protective device is fitted consisting of a
safety valve or valves or a suitable appliance for
automatically cutting off the supply of steam at a
predetermined pressure, the design pressure lor
piping systems having a design temperature not
exceeding 430 °C in the case of carbon steels and
525 °C in the case of alloy steels shall be that to
which the pressure under the most arduous
condition is limjted by the proper operation of
such a device. Where similar provisions are made
on piping systems with a design temperature above
430 °C in the case of carbon steels and above
525 *C in the case of alloy steels, the design
pressure shall be the highest controlled operating
pressure, provided that the average pressure in any
one year docs not exceed that pressure and that the
fluctuations in controlled pressure at no time
exceed the design value by more than 209,

The relicving capacity of safety valves (as
determined by BS 759) fitted downstream of
pressure reducing valves shall be such that the
operating pressure limitation shall not be exceeded
if the reducing valve fails in the open position with
the downstream valves (other than non-return
valves) fully closed.

5.2 Design temperature for steam piping. The
design lemperature for steam piping shail be
(a) Tor main steam piping, the rated temperature
at the supcrheater outler;
(b) forreheated steam piping, the rated
temperature at the reheater outlet;
(c) for other steam piping, the highest rated
temperature at the higher lemperdture end of
the pipes;

BS 806 : 1975

provided in ail cases that in service at design
pressure conditions
(d} the temperature on the average during any
one year of operation does not exceed the
design temperature, and
(e) 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
(f) for systems having rated temperaturc above
380 °C,
(1) normal fluctuations in temperature do not
exceed the design temperature by more than
8°C, and
(2) abnormal fluctuations in temperature do
not exceed 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 °C for a maximum of 60 h
in any one year.
Excursions above these limits may shorten the
overall life of the installation.
Where it is known that the limits in (d), (¢) or (f)
will be exceeded, the design temperature shall be
appropriately increased.

5.3 Design conditions for feed piping, The design
pressure shall be the pump pressure when handling
cold water at 15 °C at full rated speed against a shut
valve. No additional allowance to the design
pressure need be made for pump overspeed unless
this exceeds full rated speed by more than 109,
Where the speed exceeds this limit, the design
pressure shall be increased by the effect of the
excess in overspeed over 10,

No specific allowance need be made for the effects
of water hammer unless 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 shut valve load as defined in this subclause
above, the design pressure shall be the highest
set pressure thereof,

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

5.4 Blow-down pipes. The design conditions for
blow-down pipes, whether run separately into a
tank or sump or into a common header, shall be
the design boiler pressure and the corresponding
saturated steam temperature. The design basis for a
blow-down header common to a number of boilers
and discharging freely into an adequatcly vented
tank or sump shall be half the design boiler
pressure and the saturated stcam temperature
corresponding to this lower pressure, provided
that under maximum flow conditions this pressure
is not cxceeded.

5.5 Drain pipes. Drain pipes on the inlet side of
steam traps and of drain valves shall be treated as
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steam pipes al the design conditions appropriate to
the apparatus or main which they drain.

Drain pipes which incorporale an orifice or
similar restriction between the drain valve and the
discharge point shall be treated between the valve
and orifice plate as drain pipes on the inlet side of
steam traps or valves. I the drain has intermittent
operation, a design stress may be used for this
section of the piping based on an operating life less
than that of the apparatus or main which is drained.

Those drain pipes on the outlet side of steam
{raps, drain valves and orifice plales which
discharge freely shall be treated as stcam pipes at
the design pressurce ol the apparatus or main which
they Jdrain and at a design temperature of 110 °C
less than that of the apparatus or main,

A common drain main of sufficient cross section,
discharging [recly into an adequately vented tank
or sump, may be treated as a sleam pipe at
cne-third of the maximum design pressure provided
that under maximum flow conditions this pressure
is not exceeded al a temperature of 110 °C less than
the maximum design temperature of the apparatus
or mains being drained.

5.6 Safety valve discharge piping. The design
pressure of the discharge piping shall be the
maximum pressurce which can be imposed upon it,
but in no case less than 0.35 N/mm2,

The maxtimum préssure can be deduced by the
method given in appendix C.

Maximum values {or pressures at the outlet
flange of the safety valve shall not exceed ihe
limiting requirements ol BS 759,

The design temperature of the discharge piping
shall be 110 “C less than that of the steam at the
valve body inlet. For the purpose of calculating the
thermal expansion of the discharge pipe, it should
be assumed that the temperature will be 25 °C
higher than this design temperature.

6. Materials

6.1 Steel pipes. The materials used in the
construction of piping complying with the
requirements of this standard shall comply, as
appropriate, with the requirements of BS 1387,
BS 3601, BS 3602 or BS 1604,

6.2 Pipe fittings. Pipe fittings shall comply with

the requircmcms of this standard and, as applicable,
with the requirements of BS 1640, BS 1740,

BS 1965:Part ! or BS 3799.

6.3 Castings (|r0n and steel), Castings shail comply
with the requirements of onc of the British
Standards indicated below.

6.3.1 Iron castings. Iron castings shall have
properties at least equal to those specified for
grade 14 of BS 1452:1961. Iron castings shall not
be used for design temperatures exceeding 220 °C.

6.3.2 Carbou and alloy steel castings. These shall
comply with the requirements of BS 1504-161,

ti a9

621,-622 and -660.

6.4 Tlanges and bolts. Materials for flanges and
bolts shail comply with the requirements of BS 10,
BS 1560, BS 4504 or BS 4882.

6.5 Other materials. Subject to agreement

between the purchaser and the manufacturer and |
to any limitation set by appendix A, materials other
than those listed may be used provided that their
general suitability with regard to ductility,
weldability, and short term and long term
mechanical properlies at elevated temperatures
have been proved to the satisfaction of an approved
Inspecting Authority.

Sectiontwo. Design requirements

7. Maximum permissible design pressures,
temperatures and stresses

7.1 The pressure and temperatuore limits within
which pipes and pipe fittings of various materials
are permitted 1o be used and maximum design- -

stress values are given in appendix ASee also item (g) of clause 4

7.2 The derivation of the design stress values is gwen
in appendix G.

7.3 No stresses have been tabulated for pipe
complying with the requirements of BS 1387 or

BS 3601 BW 320. Such pipe up to 150 mm nominal
size may be used for pressures not exceeding

2.1 N/mm? and temperatures not exceeding 260 °C
provided that it is at least of BS [387 medium
thickness, The pressure and size limit is reduced
when the pipe is used with screwed and socketed
joints (see clause 13.4)." '
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8. Thickness of wrought steel straight pipes

The minimum thickness of straight pipes shall be
determined as follows.

Where the outside diameter is the basis for
calculation,

ph

fe - p

I =

Whete the inside dismeter is the basis for
calculation,

o pd
r— 2fe — p

where
t; is the minimum thickness (mm);
pisthe design pressure (N/mm?);
D is the outside diameter (mm);
o istheinside diameter (mm);
S is the maximum permissible design stress as
specified in appendix A und clawse 7 (H/mm?)
e = 1.0 for seamless and for electric resistance
welded and induction welded pipes complying
with the requirements of BS 3601,
BS 3602 : Part 1 and BS 3604;
¢ = 1.0 for submerged arc welded pipes complying
with the requirements of BS 3602 : Part 2,
d lest categary [;
¢ =0.95 for submerged arc welded pipes
complying with the requirements of
BS 3602 : Part 2, tesi category 2:
¢ = 0.9 for submerged arc welded pipes
complying with the requirements of BS 3601,

The vattue of 1, is the minimum thickness for
straight pipes and provision shall be made Cor ary
minus tolerance. Manufacturing considerations
may make it necessary for pipes thicker than this
minimunt o be used.

BS 806 :19756

9. Wrought steel bent pipes

9.1 Thickness of bends. The minimum thicknpess
(1) of a straight pipe from which a pipe bent 1o a
radius in accordance with 1able 1 is (o be made shall
be determined from equation (2) or equation (3),
except where it can be demonstrated that the use of
a thickness less than ¢+, would nol reduce the
thickness below ¢ at any point after hending.

For pipes 219.1 mm outside diameter and below,
and for pipes above 219.1 mm outside diameter
bent Lo the radii specified in table 1, column 2,

f = 11254, (2)

For pipes above 219.1 mm outside diameter,
where f; is 32 mm or more, benlt to the radii

" specified intable |, column 3,

1, = L1y, (3)
The value of ¢, is the minimum thickness and
provision shall be made for minus tolerances.
Manulacturing considerations may make it
necessary for pipes thicker than this minimum
Lo be used.

9.2 Radii of bends

9.2.1 Pipes complying with the requirements of
BS 1387 and BS 3601 shall not be bent Lo radii less
than those given in table |. Other pipes of a
thickness determined as in 9.1 shall not be bent to
radii less than those given in table | unless
(a) it can be demonstrated that the use of this
thickness will not reduce the thickness at any
point after bending to below ¢, and,
(by where the design temperature of the piping
is higher than 430 “C in the case of carbon steels
or higher than 525 “C in the casc ol alloy steels
and the radius is less tan 3 times the inside
diameter, it can be additionally demonstrated
that the thickness at the intrados of the bengt is
not less than thal resuiting from the foltowing.

" 2R — r
TR 2
where ¢, is the thickness at intrados (mm);
I 1s the radius of the bend (mm);
ris the mean radius of pipe (imm}.
In general it will be necessary te inerease the
thickness ibove that determined by 9.4 in order to
meet the above requirements.

9.2.2 There is a minimum thickness for cach size of
pipe, dependent on bending procedure, below
which the allewance for thinning will be exeeeded,
and in such cases the radius given in table | shail be
increased where necessary to ensure that the
thickness is not below ¢, at any point after honding.
9.2.3 For thie mininum radii of bends of carbon
manganese niobium and alloy steel pipes which are
cold bent without subsequent heat treatment,
reference shall be made to clause 21,

9.2.4 For pipes rolled to & specified inside

diameter, the minimuy bending radii and
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tle

Table1. Minimum bending radii for-pipe_s
of thickness determined hy 9.1

B S 80 6 . 1 975 | Radii measured to centre line of pipe ;;'.'
' l Qutside m = §.125¢ o= L1y ,
diameler all lhickm‘\:us fy = 35 mm ot above o
corresponding thinning allowange shall be that mm mm mmm - |
applicable to the nearest outside diameter listed 36.9 69
in table 1 greater than that resulting from the 337 75
specified inside diameter plus 2t 494 100
48.3 115
60.3 150
. {
Clause 9.3 Ovality ;2; ;ig
Delete existing clause 9.3 and substitute the following: lOl:ﬁ 2-65
9.3 Ovality. Ovality shall be calculated in accordance 114.3 05
with equations {3a) and (3b) and normally shall not 139.7 390
in either case exceed 5 %. Ovality greater than 5 % 1683 460
shall be subject to analysis before acceptance. 193 7 630
Ovality = —==p5 =— G2 Qa5 | w0 1140
) 273.0 tO20 1270
Ovality = Pn 7 Dmin) 107 (3b) 3239 1220 1520
Dn 355.6 1500 1780
where 406.4 1730 2030 o
Dpyay is the maximum outside diameter in the 457.0 2030 2280
bent section of the pipe (mm)

amwrna tniEERN LRSI LL‘UI—'“-IUH L) Al Dlnddin 1wy we

i verage outside diameter of the pipe _
Dp s the averag less than those shown in table 2.

in the straight (mm)
Dpnin is the minimum outside diameter in the " pd 0.015Dds- 6 (S)A .

bent section of the pipe {(mm).". = 2f
where
f¢ is the minimum thickness (mm);
i 10. Gusseted bends p is the design pressure (N/mm2);
‘10.1 There are two types of gusseted bends: mitred ¢ is the inside diameter (mm);
(segmenlal) bends and cut-and-shut bends. The con- ' A
struction and welding requirements lor both types f = 20.7 N/mm2,

shall be in accordance with BS 2633, BS 2971,

BS 1821 or BS2640, s appropriate.

10.2 Design requirements for mitred bends shall be | ,

in accordlance with thel requirements of_appendlx H. ' 41 Thickness of cast steal straight pipes

Where mitred bends with segments fabricated from " and bends -
separate pieces of pipe in accordance with the -

requirements of BS 2633 or BS 1821 are used, * The minimum thickness of cast steel ﬁlruigglht pipes @
the design temperature shall not exceed 400 °C. and bends shall be determined l'rom equation (4)
Where mitred bends are fabricated in accordance but in no case shall the minimum thickness be
with the requirements of BS 2971 or BS 2640, less thun 9.5 mm,
they shail be used within the limits imposed in 22.3 .
£ for class Il welding. SRR @
10.3 Cut and shut bends shall be used only for Y —p A

pressure and temperature conditions not exceeding
2.1 N/mm? or 260 °C.
10.4 Cut and shut bends shall be fabricated in

where
te is the minimum thickness (mm);
-p s the design pressure (N/mm?);

accordance with the requirements of BS 2633, d s the inside diameter of pipe (mm);
BS 1821, BS 2971, or BS 2640 according to the f is the maximum permissibll: fl)esign sl)ress for the
limits of pressure and temperature defined «n 22.3 equivalent grade and properties of wrought steel A
;, for class T and class [ welding, but taking into (N/mm?) (see clause 7 and appendix A)y
account the overall limiting conditions of use F = 1.4 except that, for those parts th:\,rn to be

given in 10.3. ' sound by radiography or by ultrasonic
testing, £ shall be 1.1,
Itis emphasized that the thickness derived from
cquation (4) applies unly to straight pipes and
: bends. Where there is any departure from these
forms, the design shall receive special consideration, 0 -

Documents
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12. Thickness of castironstraight pipes
and bends

Castiron pipes shall not be used for steam or blow-
down duties under any condition. The thickness of
cast iron stringht pipes and bends shall be
determined from cquation {5) and shall not be

less than those shown in table 2,

/
(= %} - 0.015Dds 6 (S)A

where [_’\

t, 1s the minimum thickness (mm);
p isthe design pressure (N/mm2);
¢f isthe inside diameter (mm);

;= 20.7 N/mmn.

Table 2. Minimum th.ckness of castiron
straight pipes and bends

\inimum thickness for design pressures tabulaled

Inside Uptoand Over 0.25 | Over 0.6 | Over 1.0
diameter | including up tuand | uptoand | up to and
o 0,25 ~;mm? | including | including | including
0.6 N/mm?| 1 N/mm2 | L.3 N/imm?
min mm mm min mim
50 8 9 10
65 9 10 11
%0 9 10 12
100 10 i 13
125 1 12 15
150 Il 13 16
175 12 14 17
200 13 15 19
250 12 L5 I8 22
300 i3 16 | 20 23

NOTE, [ts emphusized that these thicknesses apply 1o
sirtight pipes and bends, Where there isany departure frlom

_these furms, the design should receive spechl cunsldcmuqn.
13. Joints

13.1 The flanges and bolting for ordinary bolted
flange joints shall comply with the requirements of -
8BS 4504 or BS 1560:Par1 2 for flanges which are
dimensioned in millimetres, or with the
requircments of BS 10 or BS 1560:Part | for

flanges which are dimensioned in inches.

gooum g8 f
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Special joints and special types of flange may be
used provided that they are shown Lo be suitable
for the design conditions,

13,2 Butt welded joints shall comply with the
requirements given in clause 22,

13.3 Socket weld joints may be used with carbon
and low alloy sicel pipes nol exceeding 60.3 mm
outside diameter. Such welds shall not be used
where fatigue, severe crosion or crevice corrosion is
expected to occur. The thickness of socket weld
fittings shall meet the requirements of clause 8 but
shall be not less than 1} times the nominal thickness
of pipe or tubc. 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 sieel. The
dimensions and clearances of the socket end shall
comply with the requirements of BS 3799,

The welding of socket weld joints shall bein
accordance with the requirements of clause 4 of
BS 2633:1973.

13.4 Screwed and socketed jointls complying with

the reguirements of BS IBWL
steeHittings complyingwith therequirements-of—

BS-1746 are permitted within the limits given in
table 3.

Table 3. Maximum permissibie pressures for screwed joints
at temperatures not exceeding 260 °C

Nominal size Maximum pressure for Joint type
temperatures not
exceeding 260°C

mm N/mm?
0 1.05 Taper/Parallel
8 1.05 Taper/Parallel
10 1.05 Taper/Parallel
15 .05 Taper Parallel
20 1.05 Taper/Parallel
25 1.05 Taper/larallel
32 0.90 Taper Parallel
40 0.90 Taper/Parallel
50 1.25 Taper/Taper
63 1.25 Taper/Taper
30 .05 Taper/Tuper
100 0.90 Taper/Taper

NOTLE. The ctficiency of taperfpatallel screwed joints is highly dependent on the degree of care
teken in assembly and on the jointing compound used.

Taper/taper screwed joints are less sensitive to jointing techniques and external forces,

The limiting pressures given relute to pipe-to-pipe screwed and socketed joints; for pipe-to-fitting
joints the limiting pressure should be related to the uppropriate British Standard for fittings, ¢

The above tuble excludes screwed on Manges (see 24.3).
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14. Branches

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

14.2 Form of reinforcement. Reinforcemient shall be
provided, preferably as follows: '
{a) where possible, by the thickening of both
main and branch to mect the requirements
of 14.4, or
(1) when the thickness of the main is
predetermined, by thickening the branch only.
The branch thickness mzay then be determined
[rom 14.5.
In both cases the thickness used shall meet the
following limitation:

f2 < (2 —022)

no D
where

Dy is the outside diameter of main (mm);

D5 is the outside diameter of branch (mmy);

1, isthe mean thickness of main {mm):

t; isthe mean thickness of branch (mm).

In no case shall the thickness of the main or
branch be less than #; defined in clausc 8.

Where reinforcement cannot be provided to meet
the requirements of (a) or (b), other means of
reinforcement shall be used provided that its use is
agreed between the supplicr and the purchaser, and
also that its use is substantiated by adequate
relevant service experience or by experimental or
theoretical analysis.

Main and branch should preferably be of the
same material, but in no case shall branch material
have an allowable stress of less than 75 % of that

14.3 Branchsystems, In assessing main and branch
thickness in accordance with 14.4 and 14.5, it shall

be determined whether branches allect each other

by caleulation of (6):

L
dam - dy ©)
where

L (asillustrated in figure 3) is the distance

between perpendiculars projected from the

openings of adjacent branches to the centre line
of the main (mm) (see fipures 2 to 5), and

el and ds, are the inside diamelers of the

branches under consideration {mm). The

subseripts m and n represent the branch

suflixes a, b, cete, (see figures 2 to 5).

Branches shall be deemed te affect cach other if
the value calculated from equation (6) is less than 1;
they shall be deemed not to affect each other if
the value is greater than or equal Lo 1.

I calculating the thickness required, each
branch shall be considered in turn together with all
the branches by which it is affected. Figures 2to 3
show typical examples.

14.4 Reinforcement in accordance with 14.2 (a)
(proportional thickening of main and branch)

14.4.1 A branch not affected by any other branch.
The thickness of the branch and main shail be
delermined from equations (7a) and (7c} or (7b})
and (7d).

of the material of f/,g M G Ne ¢ veerf
Shall e taken where the brunch
Mmuterial has anm allewable s Fress

J_}luf' (5 .(]:"Eu len f.}\q A FAal 0/ f'/n:-n:u:)\-

Branch thickness f,,1, determined from
cquation (8a), assumes the same material for branch
and main. [ the branch is of a material havinga -
lower allowable stress than the main, then the
branch thickness shall be increased in the ratio of
allowable stress,

Branches designed in accordance with 14.4
or 14.5 shall be set on full penctration welded, or
non-protruding set in full penctration welded, or
shall be of homogeneous constructiol.
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14.4.2 A branch affected by one or more other
hranches. The thickness of the main shall be
determined from equation (7¢) or (7d) using the
i x factor applicable to the largest o5 of the group.

Further thickening of the main may be
required in order to ensure that the limitations
of 14.2 are met.

Where the o fdy ratio exceeds 0.8, in order to
limit itcration it is suggested that the main thickness
" oblained [rom equation (7¢) or (7d) be multiplied

by the factor 1.25d,/:dy.
The thickness of each branch shall be obtained
from equation (8a}, except that where dsfd| < 0.3
A and -’ the meandiameter of branch
(5 4 1) meets the limitation of equation (8b), the
. branch thickness f,.,» shall be as 1, obtained from
equation (1a) or (1b) of clause 8.
foma K {5 (821)

':5_—-_1\"”

where

s -1y 5 IS (8b)
inwhich & = \/2¢, (d, + 1) OF V21, (D) -- 1)
Z is read from curve figure 1(c) by entering al x,
and reading from the appropriate ./d, line.
x, is as defined in equation (8¢).
n = gz foreach group [ branches
considered (sec equation (8c)).
1, is the actual minimuim thickness ol main at
, junction with pranch, i.e. minimum measured
. thickness where pipe isavailable, or ordered
g thickness less tube maker's tolerance (mm}).

S Itis read from curve figure 1(b) by cnlering at Zn.
' g =1=C(l —Y)

s gr= 1= Cx(l — 1) (8¢)

R ga=1—Cil — 1)

S pldy 1)
: YV o= (8d)
Cy. Ca, Cyare functions of the dislances
between the branch heing considered and the

branch or branches afTecting that branch. The C
value is oblained rom table 4.

T ) 2r 2
K= \/— in which ¢ = L ..
Zn . ‘ dy -1, or Py—,

Table4. Factor C*

L
tham '*'E ¢
I orgreater | O
0.9 0.10
0.8 0.34
0.7 0.66
0.6 3.80
0.5 0.90
0.4 0.94
0.3 0.97
0.2 0.98
0.1 0.99
0 1

*Intlermediate valucs by lincar interpelation.

4. is the distance between projections of branch
inside diameters, o, and 5, where the
subscripts m and n represent the branch
designations under consideration (scc figures 2
to 5);
N, = = ge
s =3 (8e)
J == 2.2 excepl where d»fdfy < 0.3, whenJ = 2.5;
Y is as calculated from equation (3d).
Where x, is less than 2.5, ¢, needs to be increased.
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(7c)

— (7d)
Qf?efx - p
where
is the minimum thickness of the main (mm);
2 is the minimum thicknes of the branch (mm);
is the design pressure (N/mm32);
is the outside diameler of main (mm);
» is the outside diameter of branch multiplied
by Ifsiny (mm);
is the inside diameter of main (mm);
da is theinside diameter of branch multiplied
bv I/sin v (mm}; .
f, is the allowable design stress of the main ) .
. (N/fmm?} (see clause 7 and appendix A);’ &
A“f, is the allowable design stress of the branch
{N/mm?} (see clause 7 and appendix A);’
ey is the factor given in clause 8 particular to the main:
X is the factor from figure 1(a) read against
ifafd). Where /e, does not exceed 0.3,
the x value derived rom figure 1{a) shall be
used only to determine main thickness, and
the bratich thickness shall be determined
by using v lactor of 1.0;
¢ is the angle between branch and main.
NOTE I, The minimum branch thicknesses as calculated are
a function of the brinch inside or outside dinmeter used in
the caleulation accordingto 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 t,- has to be recalculated.

NOTE 2. The values of t,) and 14,3 are mininiem thick nesses
and further provision has 1o be made for minus tolerance.

i
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14.5 Reinforcement in accordance with 14.2 (b)
(branch reinforcement when the thickness of the
main is predetermined)

14,5.1 A branch not affected by any other branch.
The branch thickness is determined from
equation (8a) or (8b) (see fourth paragraph
0f14.4.2) in conjunction with (8e). For these
equationsn = [.

14.5.2 A branch affected by one or nore other
branches. All branch thicknesses are determined
from equation (8a) or (8b) in conjunction with
cquations {8c), (8d) and (8e).

14.6 Length of branch reisforcement. The additional
thickness of the branch required by equations (7a), -
(7b) and (8a) for reinforcement shall extend for a
distance not less thanVid:s/m2 measured from the
outside diameter of the main along the centre line
of the branch (see figure 3).

14,7 Mains (see figures 2 1o 5). The additional
thickness of a main for branch reinforcement shall,
in the case of a branch not afiected by any other
branch, extend on each side of the branch for a
distance that is not less than the inside diameter of the
branch (¢2). The distance shall be measured from
the periphery of the branch inside diameter.

Where the branch is aflfected by one or more
other branches, main reinforcement distance is to be
as shown in figures 2 to 5.

14,8 Appendix D gives worked examples of
reinforcement,

15. Safety valve discharge piping

15.1 The sately valve discharge piping shall comply
with the requirements specified in 5.6 and in

BS 759. The discharge pipes shall be as short and
straight as possible and drained to prevent the
accumulation of water within them. Where an
expansion chamber is used, this shall be properly
anchored and shall make allowance for the
difference between hot and cold positions of the
safety valve outlet branch. It shall be so positioned
that in the hot position the safety valve outlet
tranch is concentric with the expansion chamber.
Where an expansion slip joint only is used, this
shall be properly restrained against upward thrust,

15.2 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.

15.3° Where flexible bellows are used they shall

meet the following requirements,
(a) Aninternal liner or sleeve shall be fitted and
attached to the body of the bellows fitting, 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
be not less than that of the adjacent inlet piping.

BS 806 :1975

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

(¢} 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.

16. Expansion allowance

The allowance for expansion in millimetres per
metre of piping at various temperature ranges
shall be as given in table 5. (For coefficients of
expansion see appendix B,)

17. Flexibility

17.1 Maximum values for the forces and moments
which may be applied to the connected equipment
shall be agreed between the purchaser and the
manufacturer. The pipes shall be arranged so that
the system is sufficiently flexible to ensure that the
end reactions, under any operating conditions
cither hot or cold within the 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 17.2. 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,
expansion fittings or corrugated pipes may be

used 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
anchers, guides and ties to ensure that these
adequately protect the expansion fitting and
accommodate the additional loads due to pressure.

A flexibility analysis is required if there is any
doubt as to the ability of the system to satisfy the
specified requiremrents.

In calculating the flexibility of a piping system
the following rules shal} be observed.

(a) Wherever possible, piping systems shall be

treated as a whole between anchor points.

(b) Where it is 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 7 to 12). _

‘Flange correction factor of bend stress
intensification and flexibility shall be used where
applicable (see figure 13). Naod

Eloz 09
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Greater than Greatgr than
ap 28

%p

=2
2

——e—— . — —

)
_J

Reinforcement of

main to extend for

this distance,

ie.not limited to

dpp as the requirement
for dza is overriding

rf'T |

N
ar

dy, and d2,, form a pair affecting each other

'Figure 2. Typical branch piece

Reinforcement of branch to extend —

/i\ for a distance not less than /0 ¢,

(see 14.6)
L greater than L less than L Iess than

2a d a, 2
4 Yz 2+ = } + %y
SiNY "\ ' L snd_sin

Y N
2 ) ) \92c.

d
vl .
siny wn? iny ! | #
Reinforcemen . i Reinforcement

of main to L greater than a3 b of main to
extend for Y Oza J2¢ 7 2 extend for
this distance -+ this distance
s5iny  siny as this extends
further along
. . axis of main
Reintorcement of branch to extend than this distance

for a distance not less than /D, ¢, A\

(see 14.6)

dyq is unaffected by the other branches '
dap is aifected by d,,

Uy is affected by o5y, and tlad

daq is affected by d,,.".

Figure 3. Typical branch piece
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. P23+ dac ] e |
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Figure 4. Typical branch piece
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Less than
‘ d\ %

dac

d2a +d2b

Greater ua_‘__l l
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|
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d, is affected by o5,
dyy is affected by o,
d3. is affected by d;, and dy,

Figure 5. Typical branch piece
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(N The thermal expansion shall be determined

from table 5 or appendix B,

(g) The modulus of elasticity shall be determined

from table 6.

(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 cajculations, 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 f and

toutside diameter D (or inside diameter d} as
defined in clause 3 unless otherwise stated.

The pipes may be pre-stressed to reduce end
effects under hot conditions of working and also
to reduce hot stress levels.

When the design temperature is such that the
permissible hot stress is to be limited by the creep
rupture properties as defined under 17.2(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 o different temperatures,

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,

The final joint to be made should preferably be
at a position in the system where the moments
have minimum values.

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 should aiso be hanging
frecly when the gap is measured, i.e. there should
pc no out-of-balayce 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,
a'ignment shall be strictly maintained,

chhors shall be designed to ensure that there is
no slipping or twisting of the pipes,

17.2 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

BS 806 :1975

(1) H x 0.2% proof stress at rcom
temperature plus /f x 0.2% proof stress at
design temperalture, or

(DHXx02% proof stress at room temperature plus fé
mean stress (o rupture in the design life at the
design temperature.

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

{b) Maximum hor stress. Wheie (a)(2) is the criterion
of stress range, the maximum hot stress determined
in accordance with 17.3.1 (h) shall not exceed the A
mean strass to rupture in the design life at the
design temperature.’
(c) Sustained stress. Sustained stress shall not exceed

" ‘the lower of 0.8 x 0.2 % proof stress value or the
creep rupture design stress value defined in appendix A
under cold or any other operating condition.
A sustained stress analysis at branch junctions
designed in accordance with this standard need not
be made but non-intensified dead load stress shall
not exceed 15 % of the component design stress as
defined in clause 7.

For sustained stress under hydraulic test see 17.6.

Proof and creep rupture values for steels 360, 410,
460 and 490 Nb of BS 3602 and steels 620, 621,
622, 660 and 762 of BS 3604 are contained in
appendix E. '

For other
stecls covered by this standara, reference should be
made to the applicable materials standards.

In calculating the stress levels the following
shall be included:
pressure stress; fiexural stress; deadweight stress
{included for hot stress (b) and sustained
stress (c) only); bending stresses caused by
external loads.
17.3 Calculation of stress levels "}' A
17.3.1 In calculating stress levels the following
shall apply.
(4) In calculating the combined stress to satisfy
the stress range limitation (see 17.2(a)), 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.

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 caleulation of the preceding
paragraph, 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 x 0.29 proof stress at the
temperature at each end of the applicable cycle.

-—{-Fm- wewkel vxample of Stress caiculabion of  gestiganlizae pipe
SUV Apponcliv F
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The modulus of elasticity for the lowest
temperature applicable to this condition shall
be used.

(b) Tn calculating the combined stress to satisfy
the hot stress limitation (see 17.2(b)), 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 condition shall be used.

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 eithzr the maximum moment or the
maximum difference between the maximum
moment and 0.5 times the minimum moment in
A any plane under each hot condition of operatjon

shall be considered in addition to the cold-to-hot
definition as given in the preceding paragraph.
The modulus of elasticity for the hot condition
shall be used.

17.3.2 The sustained combined stress (see 17.2(c))
is that due to pressure and deadweight only. The
bending and torsional stresses obtained from
equations (11), (13, (14) and (15) shall for this
consideration, therefoie, be those attributable to
deadweight bending moment only.

17.4 Stress evaluation on straights and bends

17.4.1 Combined stress f.. The combined stress
value j, on straights and bends shall be determined
from equation (9):
fc=\/F2+4f52 (9)
where
F is the greater of /7 or f; (N/mm?2);
Jr is the transverse stress (i.c. transverse pressure
stress -- transverse bending stress) (N/mm?2);
/v is the longitudinal stress (i.e. longitudinal
pressure stress + longitudinal bending
stress) (N/mm2);
Js is the torsional stress (N/mm?2).

17.4.2 Transverse stress f;
@ (a) Transverse pressure stress on both straights

and bends

"~ pd
= ‘;—! +0.5p (10)

where
dis the inside diameter (mm);
7 is the mean thickness (mm):
p is the design pressure (N/mm2).
(b) The transverse bending stress on a straight
pipe shall be taken as zero. :
[’3 (¢} Trunsverse bending stress at bends

A = }CV(MIF[I)z + (Mo Fr,)? (11)

where
M, is the maximum in-plane bending
moment (N mm);

M, is the maximum out-of-plane bending
moment (Nmm};

Fry is the in-plane transverse stresg
intensification factor from figure 9;

Fr, is the out-of-plane transverse stress
intensification factor from figure 11;

r  is the mean radius of pipe (min):

J is the second moment of area about an axis through

. . . Py
the centroid normal to the axis of the pipe (mm™)
17.4.3 Long?!zfdt!nal stregs i pipe { &

(a) The longitudinal pressure stress on both
straights and bends

__pd? 12) A

T ad+

(b) The longitudinal hending stress on a
straight pipe
d4 2

= -—2—]——\/M,?- + M2

@ N
a9 A\

(c) Longitudinal bending stress at bends

= -j-r'\/(MlFu)z + (MOFLO)Z

where
Fy\ is the in-plane longitudinal stress .
intensification factor from figure §;
F, is the out-of-plane longitudinal stress
intensification factor from figure 10.

17.4.4 Torsional stress f,. Torsional stresses on
both straights and bends:

L=M%'."2_') (15)

where M, is the torsional moment (N mm).

17.5 Stress e;valuaﬁon at branch junction

17.5.1 Combined stress fcp. The combined stress foy
at branch junctions shall be determined from
equation (16):

Jes = qw/fn2 + 4f5p2 (16)
considered separately at connections 1,2 and 3
{see figure 6),
where

Jfu is the transverse pressure stress at junction
plus non-directional bending stress (IN/fmm?2);

Jse is the torsional stress at junction (N/mm?);

q is the relaxation factor used in hot stress
evaluation only (see 17.3.1(h)); ¢ = 0.5 for
da/d, ratios in excess of 0.3 and 0.44 for
d/d) ratios equal to or less than 0.3; _
d, is the inside diameter of branch multiplied

by I/sin ¥ (mm); where v is defined as the @

angle between the branch and the main

.. (as defined in 14.4.1)".
oy 15 the inside diameter of man (mm).

17.5.2 Transverse pressure stress, Transverse
pressure stress ol branch junction A

(dy A1) pm

. Dd¢iments

(sce notes 1, 2)0undg)t SEmEE,

] Ei02a 9101
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where t, is the actual minimum thickness of main
at branch junction, i.e. minimum measured
thickness where pipe is available or
ordered thickness less (tubz maker’s
tolerance (mm).
The value of m is obtained as follows.

For branch junctions where both r, /r, and ta/t,
are equal to or less than 0.3

28 \/7
m= 128 4 P o

For branch junctions where either or both of the
ratios ro fry and t,/t; are greater than 9.3, m can be
obtained from figure 14 by ¢ntering at Z,

. ra\2 r
Zy = (_2) L

’2 nry
" where

r1 is the mean radius of main at junction, based
on mean thickness (mm);

r, is the mean radius of branch at junction,
based on mean thickness (mm);

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

17 is the mean thickness of branch at junction
with main (mm);
n = 1 for branches not deemed to be interacting
according to the definition of 14.3. For
interacting branches » is as defined in 14.4.2.

NOTE 1. Equstion (17) incorporates a stress muitiplier m.
The values of m designated in this standard pertain to
fabricated full penetration welded or non-protruding set in
or homogeneous branches wherg any necessary
reinforcement for pressure containment is incorporated in
the thickness of the main and/or branch.
NOTE 2. Subclause 14.2 permits the use of other forms of
reinforcement subject to the agreement of the purchaser and
the supplier, and aiso subject to the use of such reinforcement
being substantiated by relevant service experience or by
experimental or theoretical analysis.
NOTE 3. Where the branch is not of the type defined in
note I and/er when reinforcement is not as defined innote 1,
the m value shall be the estimated pressure peak stress at the
Jjunction, divided by the mean diameter hoop stress of the
unpicrced main,
NOTE 4. Where the peak stress referred to in note 3 cannot
be defined from theoretical analysis or alternatively from
experimental data, the transverse pressure stress shall be
considered as not less than

2.2f where da/dy is greater than 0.3,0r

2.5fwhere d/d) s equal to or less than 0.3,

where fis the design stress from appendix A or as modified
by clause 7.

It should be noted that the value of transverse pressure
stress 5o oblained 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.

NOQTE 5. Stiffening pads may be used to reduce bending
stresses.

17.5.3 Non-directional bending stress, The
non-directional bending stress at branch junctions
shiall be the greatest value applicable to connection
1, 2 0r 3 (figure 6), determined as follows,

BS 806 : 1975

(8) Bending stress at branch junction from
connection i or2:

VLB T (0, B,)2 (18)

where

M, is the in-plane moment from connection 1
or 2 accoiding to case (N mm);

M, is the ont-of-plane moment from
connection [ or 2 according to case
(N mm);

B, isthe in-plane branch stress intensification
factor from figure 12 (see nete 5 to 17.5.2);

B, is the out-of-plane branch stress
intensification factor from figure 12
(seenote 5 to 17.5.2);

i edin17.5.2; ,
7 isltshaessgggrrlld moment of area applicable to the A

main about an axis through the centroid normal

he axis of the pipe (mm?*) .
(b) -ﬁﬁe‘b&%‘é‘:‘ﬁg Stressp a bganch Jjunction from

connection 3 shall be determincd as for
connections 1 and 2, but with M, and M,
applicable to connection 3 and with 7, substituted
for ry (r; being as defined in 17.5.2). The 7 value
used shall be that calculated using r,, and the
lesser of main thickness or branch thickness
multiplied by B,, i.e. the lesser of £,8, or 1,
(¢) Torsional stress fgp at branch junction shall be
the value applicable to connection 1, 2 or 3.
Torsional stress is as defined in equation (135),
where t, dand I are values applicable to the
branch being considered.

I7.6 Where a hydraulic test is to be applied to a
completed system in accordance with clause 28, _
then the sustained stress (17.2(c)) due to hydraulic
test pressure and water weight shall not exceed

0.9 x 0.2% proof stress at test temperature.
Consideration should be given, where necessary, to
the provision of temporary supports to rec!uce the
deadweight stress due to the additional weight

of test water,

r

o sioa ]
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‘Table 5, Expansion allcwance . )
Table 6. Typical values of modulus of

elasticity

Temperature | Expansion

Carbonand | BS 3604 Cast tron
low alloy Steel type
steels ne, 762

Temperature | Modulus of elasticity

ga:bon steels | Alloy steels Alloy steet
20, 360,410, | 620,621, 622
°c mm/m mm/m mm/m 460,499Nb | 660 2 1762

M1 50 |0.36 0.33 0.28 -
2010 100 [ 098 0.88 0.79 c N/mm? N/mm? N/mm?

2010 150 | 1.62 1.45 1.28 20 210 000 210 000 215 000
2010200 | 2.30 2.04 178 100 205000 | 205000 210 000
2010 250 | 3.00 2.64 200 200000 {200 000 205 000
2010300 {3.73 3.25 300 190 000 195 000 195 000

2010 350 | 4.49 3.88 ' ‘5‘83 (l'?g 883 11782 800 190 000
20t0 400 | 5.27 4.53 500 (62 ooof 00 180 000

2010450 | 6.08 5.19 | 165000 (165000 o :

2010500 |6.92 5.86 NOTE 1. Intermediate values may be obtained by
20t0 550 {7.79 6.55 interpolation.

20 to 600 8.68 7.96 NOTL 2, The values in parentheses are indicatjve,”
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i : —— In-plane curve = 0.75 x -'-?— +0.5
| ?\/3

. ——— Out-of-rplane curve = 1.8

2
E
Based on equai bore branch flexibility factor =l

Y R E - I
1

i
]

0.0l 002003 005 Ol 02 03 05

Pipe factor A
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Forged tee meeting

5= (] + 12) At 4 d e h Limiting crotch dimensions
N r . (rVery 1 =44 :L
!

A B C

Figure 12. Maximum non-directional stress factors (branches)
aar=le
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18. Drainage

18.1 Every precaution shall be taken in the layout
of steam pipework to prevent the formation of
water during operation or when shut down,
Pravision shall be made for water, whether formed
continuously or occasionally, to be removed from
the system without, as {ar as is practicable, being
allowed to come into contact with metal ata
higher temperature.

Where practicable, a suitable fall shall be
provided in the pipework in the direction of flow of
steam to ensure that the water flows towards the
drainage point.

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

18.3 Steam pipework shall be provided with
adequate draining points wherever water can
collect under working conditions. Such provision
shall take the form of drain pockets which shall be
connected to stcam traps or other sujtable
apparatus which will ensure the prompt discharge
of water from the system. It is recommended that
a bypass be fitted to cach steam trap. The water
shal! be handled by equipment which can easily
be replaced. Hand drains shall be provided at all
other points at which water can collectin any
portion of the pipework, due to valve leakage or
other causes, when shut down or when wurming
up prior to use.

Drainage pockets of the side exit type, where
fitted, shall be provided with the take-off point
situated well above the bottom of the pocket to
minimize the possibility of scale blocking the
drain pipe.

Drains on pipelines which may be subject to
sub-atmospheric pressure, if connected to an
atmospheric drain vessel as an alternative discharge,
shall be provided with a valve or other device to
isolate the direct connection to the atmospheric
drain vessel when the pipe lines are at
sub-atmospheric pressures.

18.4 Where entrained water is likely to cause
damage, separators shall be installed. Such
separators shail be fitted with means for drainage.

18.5 Drain branches shall be provided witha
shut-off cock or valve adjacent to the pipe to be
drained and, where connected to a common drain
Pipe, a non-return valve shall be fitted between
each drain branch and the common drain.

18.6 Boiler and high pressure pipework drain
vessels and vents

11_3.6.1 Drain vessels and their associated vent
pipes shall be suited to the onerous conditions
imposed by the discharge of large volumes of

=rm

tic

AL

BS 3006

steam Lo atmosphere, the design king into
account the kinetic encrgy and the enthalpy of
the steam. ‘
18.6.2 The design pressure of the drain vesse] shall be
the maximum pressure which can be imposed upon it
in operation but not less than 7 bar. The design
temperature of the diain vessel shalt be determined
from equation (18a):
T, -4l

1.15

975 .

T= (18a)

where

T is the design temperature of the drain vessel
but not less than the saturated steam
temperature at the design pressure of the
drain vessel ( °C);

T is the superheater outlet steam temperature
(°C).

18.6.3 The shell thickness shall be suitable for the
loads imposed, particularly at inlet connections and
where supports arply concentrated loads to the shell.
1t is considered that, in general. a thickness/diamcter
ratio of about 1/100 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.
18.6.4 Inlet branches subject to vibration shall be
suitably reinforeed.
18.6.5 Thedesign 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 83 "Cof
the highest temperature of the system being drained.

19, Pipework supports

Pipe supports shall comply with the requirements of
B8 3974 where applicable.

19.0 Load onsupport. The term supports’ <hall o
this contest refer to the entire range of the various
methods of carrying the weight of pipewaork and
vesociiied equipment tvalves, strainers. thanges ete).
[ adso inchudes those elements used to anchor,
restrain, direct or absorb piping movement,

In addition to the weight etfects of piping
components, the design of supports shall take into
account the weight of insulation and the fluid
cirricd und other Tond otfects caused by pressure,
wind, ibraton and shock. Supports shadlalse be
qamibie of carrsing the total Toad under
comnissioninyg and test conditions unless adataonal
emnarary support is prosided duony these periods,

Where anchor.and guides are fited to restrain,
dircct o ab orb piping movements, the design -ball
tuke inteceount the forees and muements b e
clemants v ed by thermal expansion and internal
pressure.

19,1 Desiun of supports. Suppaorts St e capable
afcer b sum efall tie concurrently aeting
feaeds dren shall be designed to proside the
regiatred sapparting etfort and shall pernnt fre
mosement Ferexpansion and conirdetion anless

s U Y desiened to restrain, direet or absorb such

novement. $he design of pipe Cips or other pipe
ritachiments shall be such as Lo prevent damage to
@nsulation,
The use of coanstant load praDQc:'uments
recommended at Tocations wiere pppresiahle
thermal deflections oceur. Such supports shall not
have o deviation in supporting elforr, including
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friction, of more than + 59 of the specii.ed load
at any point in their travel except where the end
forces have to be kept within close limits, when the
deviation shall not be more than 4- 24 %. Provision
shall be made for in situ load adjustment of about
+ 10% 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
unacceptable bending and shear stresses in the
pipework. Particular consideration shall be given
where components such as flanges, valves ctc,
impose concentrated loads. Deflections shall be
such that the operation of the equipment is not
impaired. Where supports include brackets, lugs,
rings etc. welded directly on to the pipework,
localized stresses induced in the piping components
shall be kept within safe limits.

Section three. Construction and
workmanship

20. 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 suiphur
pick-up. Filling sand, if used, shalil be inert and no
paint, labels or tools containing lead, copper, zinc
or tin shall be used.

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
fermation of notches or other sharp changes of
contour likely to cause siress concentration.

‘Table 7. Heat treatment of completed pipes

21. Heat treatment and final condition

21.1 Heat treatment, All pipes of the following
materials shall be heat treated in accordance
with table 7:

Carbon steel 35

1 Cr § Mo steel 620

24 Cr | Mo steel 622.27

2} Cr 1 Mo steel 622,31

1 Cr} Mo}V steel 660,

21.1.1 Pipcs of the above materials which have
been heated for manipulating operations other
than welding or thermal cutting, or have been cold
bent to a radius less than 34 D (see note) shall be
heat treated as specified after these operations
have been carried out,

21.1.2 Pipes of the above materials which are to be
cold bent to a radius of 34 D or greater and which
are heat treated as specified before bending do not
require re-heat treatment after bending.

NOTE. For pipes 244.5 mm in outside diameter and below,

the minimum bending radii specified in table 1 are less
than 3} D,

21.1.3 The temperatures for the heat treatments
specified shall be as in table 7. In order to ensure
uniform soaking, the temperatures for normalizing
or annealing shall be maintained for atime
proportionate to the thickness of the pipe at a rate
of not less than 1.2 min/mm of maximum thickness.
Any minor correction of distortion due to heat
treatment may be done at a temperature below

660 °C without requiring further heat treatment.

21.2 Final condition of pipes. Before erection as

part of a pipework installation, cirbon manganese

njobium steel 490 Nb pipes and - all alloy steel pipes,
whether straight or manipulated;‘shall be in the heat treated
condition specified in 21.1. Where there is

subsequent welding, the heat treatment at the

welds shall be in accordance with clause 22.

Materiat Type No Heat treatment temperature

Normalized Tempered

DC DC
850 to
900 1o
900 to
S00 to
930to 9RO
900 to 900
1020 to 1070

C Mn Nb

1 Cr % Mo

1 Cr A Mo

1MW CriMo -
BCr'aAMol Vv
2% Cr | Mo
[2Cr MoV

490 Nb
620:440
620:460
62i

660

622

762

900
960
960
960

640 10 720

640 to 720
670 to 720
650 to 750
680 to 780

640 to 720*

A

*Tempering may be omitted Far thicknesses not
exceeding 12.5 mm.”
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