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Chapter 10

Steam Raising Plant and Associated Pressure Vessels

CONTENTS

Section
1 General requirements

2 Cylindrical shells and drums subject to
~ internal pressure

3 Spherical shells subject to internal pressure

4 Dished ends subject to internal pressure

5 Conical ends subject to internal pressure

6 Standpipes and branches

J Boiler tubes subject to internal pressure

8 Headers

9 Flat surfaces and flat tube plates

10 Flat plates and ends of vertical boilers

11 Cylindrical furnaces subject to external
"~ pressure

12 Boiler tubes subject to external pressure

13 Stay tubes and bar stays for cylindrical
*"" boilers

14 Construction

1̂ , Mountings and fittings for cylindrical and
vertical boilers and steam generators

Tjj Mountings and fittings for water tube boilers

JJ Hydraulic tests

SECTION 1

General requirements

1.1 Application

1.1.1 The requirements of this Chapter are applicable
to pressure vessels of seamless and fusion welded
construction, and their mountings or fittings, for the
following uses:
(a) Fired boilers.
(b) Exhaust gas heated boilers.
(c) Economizers, superheaters, reheaters and steam

receivers for, and associated with, (a) and (b).
(d) Steam heated steam generators.

1.2 Definition of symbols

1.2.1 The symbols used in the various formulae in
Sections 2 to 8, unless otherwise stated, are defined as
follows and are applicable to the specific part of the
pressure vessel under consideration:

c/ = diameter of hole or opening, in mm,
D¡ = inside diameter, in mm,
£>0 = outside diameter, in mm,
J = joint factor applicable to welded seams (see 1.9),

or ligament efficiency between tube holes (ex-
pressed as a fraction, see 2.2),

p = design pressure (see 1.3), in bar (kgf/cm2),
/?¡ = inside radius, in mm,
/?0 = outside radius, in mm,

/-¡ = inside knuckle radius, in mm,
r0 = outside knuckle radius, in mm,
s = pitch, in mm,
7=design temperature, in °C,
? = minimum thickness, in mm,
ff=allowable stress (see 1.8), in N/mm2 (kgf/cm2).

1.3 Design pressure

1.3.1 The design pressure is the maximum permiss-
ible working pressure and is to be not less than the
highest set pressure of any safety valve.

1.3.2 The calculations made to determine the scant-
lings of the pressure parts are to be based on the design
pressure, adjusted where necessary to take account of
pressure variations corresponding to the most severe
operational conditions.

1.3.3 It is desirable that there should be a margin
between the normal pressure at which the boiler or
pressure vessel operates and the lowest pressure at
which any safety valve is set to lift, to prevent
unnecessary lifting of the safety valve.

Section 1



Chapter 10 LLOYD'S REGISTER OF

1.4 Metal temperature

1.4.1 The metal temperature, T, used to evaluate the
allowable stress, a, is to be taken as the actual metal
temperature expected under operating conditions for the
pressure part concerned, and is to be stated by the
manufacturer when plans of the pressure parts are
submitted for consideration.

1.4.2 The following values are to be regarded as the
minimum:

(a) For fired boilers, 7 is to be taken as not less than
250°C.

(b) For steam heated steam generators, secondary
drums of double evaporation boilers, steam re-
ceivers and pressure parts of fired pressure vessels,
not heated by hot gases and adequately protected
by insulation, T is to be taken as the maximum
temperature of the internal fluid.

(c) For pressure parts heated by hot gases, T is to be
taken as not less than 25°C in excess of the
maximum temperature of the internal fluid.

(d) For boiler, superheater, reheater and economizer
tubes, 7" is to betaken as indicated in 7.1.3.

(e) For combustion chambers of the type used in
horizontal wet-back boilers, T is to be taken as not
less than 50°C in excess of the maximum tem-
perature of the internal fluid.

(f ) For furnaces, fireboxes, rear tube plates of dry-back
boilers and pressure parts subject to similar rates of
heat transfer, 7is to be taken as not less than 90°C
in excess of the maximum temperature of the
internal fluid.

(a) for pressure parts of steam raising plant as
in 1.1.1 (a), (b) and (c), where the design
exceeds 3,4 bar (3,5 kgf/cm2), or

(b) for pressure parts of steam heated steam Señera,

(c)

where the design pressure exceeds 11,3 bar hi'1

kgf/cm2), or where the design pressure, in ban''
cm2), multiplied by the internal diameter of the !C (

in mm, exceeds 14420 (14700), or b-|

for other pressure vessels where the shell
exceeds 38 mm.

1.5.2 For Rule purposes, the pressure parts of bn'i.
and associated pressure vessels not included in Qa'l
are graded as Class 2/1 and Class 2/2. !

1.5.3 Pressure vessels which are constructed'
accordance with Class 2/1 or Class 2/2 standards i '
indicated above) will, ¡f manufactured in accordar-J
with the requirements of a superior Class, be appro»*
with the scantlings appropriate to that Class.

1.5.4 In special circumstances relating to serví
conditions, materials, operating temperature, the c
riage of dangerous gases and liquids, etc., it may)
required that certain pressure vessels be manufactui
in accordance with the requirements of a superior Cla^

i
!

1.5.5 . Heat treatment, non-destructive exammatici
and routine tests, where required, for the three classes!
fusion welded pressure vessels are indicated in Tali
10.1.1. Details are given in Chapter 17. j

1.4.3 In general, any parts of boiler drums or headers
not protected by tubes, and exposed to radiation from
the fire or to the impact of hot gases, are to be protected
by a shield of good refractory material or by other
approved means.

1.4.4 Drums and headers of thickness greater than
30 mm are not to be exposed to combustion gases
having an anticipated temperature in excess of 650°C
unless they are efficiently cooled by closely arranged
tubes.

1.5 Classification of fusion welded pressure ves-
sels

1.5.1 For Rule purposes, pressure vessels are graded
as Class 1 if they comply with the following conditions:

1.6 Plans

1.6.1 Plans of boilers, superheaters and economizo
are to be submitted in triplicate for consideration, Win'
plans of water tube boilers are submitted for approw,
particulars of the safety valves and their disposition ('
boilers and superheaters, together with the estimate^
pressure drop through the superheaters, a re to be stated
The pressures proposed for the settings of boiler ai
superheater safety valves are to be indicated on tl
boiler plan.

1.6.2 Plans, in triplicate, showing full construct'»'
features of fusion welded pressure vessels and dirrw,
sional details of the weld preparation for longitudinal? ;
circumferential seams and attachments, together K
particulars of the weldïhg consumables and of ̂
mechanical properties of the materials, are to •
submitted before construction is commenced.

Table 10.1.1

Class

1

2/1

2/2

Radiographie
examination

Required
see Chapter 17

Spot required
see Chapter 17

-

Heat
treatment

see
Chapter 17

see
Chapter 17

see
Chapter 17

Routine
weld tests

Required

Required

Required

Hydraulic
test

Required

Required

Required

Section 1
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1.7 Materials
1.7.1 Materials used in the construction are to be
manufactured and tested in accordance with the
requirements of the Society's Rules for the Manufac-
ture, Testing and Certification of Materials.

1.7.2 The specified minimum tensile strength of
carbon and carbon-manganese steel plates, pipes,
forgings and castings is to be within the following
general limits:

(a) For seamless and Class 1 and Class 2/1 fusion
welded pressure vessels:
340 to 520 N/mm2 (35 to 53 kgf/mm2).

(b) For Class 2/2 fusion welded pressure vessels:
340 to 420 N/mm2 (35 to 43 kgf/mm2)

(c) For boiler furnaces, combustion chambers and
flanged plates:
400 to 520 N/m'm2 (41 to 53 kgf/mm2).

1.7.3 The specified minimum tensile strength of low
alloy steel plates, pipes, forgings and castings is to be
within the general limits of 400 to 500 N/mm2 (41 to 51
kgf/mm2), and pressure vessels made in these steels are
to be either seamless or Class 1 fusion welded.

1.7.4 The specified minimum tensile strength of
boiler and superheater tubes is to be within the following
general limits:

(a) Carbon and carbon-manganese steels:
320 to 460 N/mm2 (33 to 47 kgf/mm2)

(b) Low alloy steels:
400 to 500 N/mm2 (41 to 51 kgf/mm2).

1.7.5 Where it is proposed to use materials otherthan
those specified in the Society's Rules for the Manufac-
ture, Testing and Certification of Materials, details of
the chemical compositions, heat treatment and mech-
anical properties are to be submitted for approval. In
such cases the values of the mechanical properties used
for deriving the allowable stress are to be subject to
agreement by the Society.

1.7.6 Where a fusion welded pressure vessel is to be
made of alloy steel, and approval of the scantlings is
required on the basis of the high temperature properties
of the material, particulars of the welding consumables
to be used, including typical mechanical properties and
chemical composition of the deposited weld metal, are
to be submitted for approval.

1.8 Allowable stress

1 .8.1 The term 'allowable stress', a, is the stress to
be used in the formulae for the calculation of scantlings
of pressure parts.

1.8.2 The allowable stress, a, is to be the lowest of
the following values:

where £, = specified minimum lower yield stress or 0,2
per cent proof stress at temperature T,

R2o = specified minimum tensile strength at room
temperature,

SR= average stress to produce rupture in
100000 hours at temperature 7,

T '= metal temperature (see 1 .4).

1.8.3 The allowable stress for steel castings is to be
taken as 80 per cent of the value determined by the
method indicated in 1.8.2, using the appropriate values
for cast steel.

1.8.4 Where steel castings, which have been tested
in accordance with the Society's Rules for the Manufac-
ture, Testing and Certification of Materials, are also
subjected to non-destructive tests, consideration will
be given to increasing the allowable stress using a factor
up to 90 per cent in lieu of the 80 per cent referred to in
1.8.3. Particulars of the non-destructive test proposals
are to be submitted for consideration.

1.9 Joint factors

1.9.1 The following joint factors are to be used in the
equations in Sections 2 to 8, where applicable. Fusion
welded pressure parts are to be made in accordance
with Chapter 17.

Class of pressure vessel Joint factor
Class 1 1,0
Class 2/1 0,85
Class 2/2 0,75

1.9.2 The longitudinal joints for all classes of vessels
are to be butt joints. Circumferential joints for Classes 1,
2/1 and 2/2 vessels are also to be butt joints.

1.10 Pressure parts of irregular shape

1.10.1 Where pressure parts are of such irregular
shape that it is impracticable to desgn their scantlings by
the application of the formulae in Sections 2 to 8, the
suitability of their construction is to be determined by
hydraulic proof test of a prototype or by an agreed
alternative method.

1.11 Adverse working conditions

1.11.1 Where working conditions are adverse, special
consideration may be required to be given to increasing
the scantlings derived from the formulae, e.g. by
increasing the corrosion of other allowance at present
shown in the formulae, or by adopting a design pressure
higher than defined in 1.3, to offset the possible
reduction of life in service caused by the adverse
conditions. In this connection, where necessary,
account should also be taken of any excess of loading
resulting from:

(a) impact loads, including rapidly fluctuating press-
ures,

(b) weight of the vessel and normal contents under
operating and test conditions,

(c) superimposed loads such as other pressure vessels,
operating equipment, insulation, corrosion-
resistant or erosion-resistant linings and piping,

(d) reactions of supporting lugs, rings, saddles or other
types of supports, or

(e) the effect of temperature gradients on maximum
stress.

Section 1
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SECTION 2

Cylindrical shells and drums subject to internal pressure

2.1 Minimum thickness

2.1.1 The minimum thickness, t, of a cylindrical shell
is to be determined by the following formula:

PR,t = -+0,75 mm

-+0,75 mm j

where t, p, R, and a are as defined in 1.2,
J = efficiencyof ligamentsbetweentubeholes

or other openings in the shell or the joint
factor of the longitudinal joints (expressed
as a fraction). See 1.9 or 2.2, whichever
applies. In the case of seamless shells clear
of tube holes or other openings, J= 1,0.

2.1.2 The formula in 2.1.1 ¡s applicable only where
the resulting thickness does not exceed half the internal
radius, i.e. where /?0is not greater than 1,5 Ft-t.

2.1.3 Irrespective of the thickness determined by the
above formula, t is to be not less than:

(a) 9,5 mm for drum shell plates. In special cases
where it is proposed to use a shell thickness less
than 9,5 mm, the proposal will be subject to special
consideration.

(b) For tube plates, such thickness as will give a
minimum parallel seat of 9,5 mm, or such greater
width as may benecessary to ensure tube tightness.
See 14.9.

2.2 Efficiency of ligaments between tube holes

2.2.1 Where tube holes are drilled in a cylindrical shell
in a line or lines parallel to its axis, the efficiency, J, of the
ligaments is to be determined as in 2.2.2, 2.2.3 and
2.2.4.

2.2.2 Regular drifing. Where the distance between
adjacent tube holes is constant (see Fig. 10.2.1),

Where s = pitch of tube holes, in mm,
or=the mean effective diameter of the tube

holes, in mm, after allowing for any ser-
rations, counterboring or recessing, or the
compensating effect of the tube stub. See
2. 3 and 2.4.

LLOYD'S REGISTER OF

2.2.3 krregular drilling. Where the distance bet
centres orf adjacent tube holes is not constant (* **
10.2.2), lse%

where d is as defined in 2.2.2,
s, = the shorter of any two adjacent pitche

mm,
s2 = the longer of any two adjacent pitches

mm.

2.2.4 When applying the formula in 2.2.3, the dot-
pitch (s, — s2) chosen is to be that which makes Î
minimum, and in no case is s2 to be taken as greatertP
twice s,. 1

Centreline of cylinder

Fig. 10.2-2 Irregular drilling

2.2.5 Where the circumferential pitch between w
holes measured on the mean of the external and intetJ
drum or header diameters is such that the circumfereni
ligament efficiency determined by the formulae in 2,lJ
and 2.2.3 is less than one-half of the ligament efficierf
on the longitudinal axis, Jin 2.1 is to be taken as tv.l
the circumferential efficiency.

2.2.6 Where tube holes are drilled in a cylindrical?^
along a diagonal line with respect to the longitudinal»
the efficiency, J, of the ligaments ¡s to be determined
in 2.2.7 to 2.2.10.

2.2.7 For spacing of tube holes on a diagonal line
shown in Fig. 10.2.3, or in a regular saw-tooth pattew
shown in Fig. 10.2.4, Jis to be obtained from the set
of curves given in Fig. 10.2.6, where a and b, as sh«
in Figs. 10.2.3 and 10.2.4, are measured, in millirnefj
on the median line of the plate, and d is as define^
2.2.2.

Centreline of cylinder

Centreline of cylinder

Fig. 10.2.1 Regular drilling

Section 2

Fig. 10.2.3 Spacing of holes on a diagonal l¡ne



Steam Raising Plant and Associated Pressure Vessels Chapter 10

Centreline of cylinder 2.2.10 For irregularly spaced tube holes whose centres
do not lie on a straight line, the formula in 2.2.3 is to
apply, except that an equivalent longitudinal width of the
diagonal ligament is to be used. An equivalent longitudi-
nal width is that width which gives, using the formula in
2.2.2, the same efficiency as would be obtained using
Fig. 10.2.6 for the diagonal ligament in question.

Fig. 10.2.4 Regular saw-tooth pattern of holes

2.2.8 The data for Fig. 10.2.6 is based on the
following:

2J =

where A = • cos2a+

2 1 -
d cos (

d cos a\ . .
(sin2a +

a /
sin a cos a.

d cos i

cos a = -

2(1-

1

sin a = •

a = angle between centreline of cylinder and
centreline of diagonal holes.

2.2.9 For regularly staggered spacing of tube holes as
shown in Fig. 10.2.5, the smallest value of the
efficiency, J, of all ligaments (longitudinal, circumferen-
tial and diagonal) is obtained from Fig. 10.2.7 where a
and b as shown in Fig. 10.2.5 are measured, in
millimetres, on the median line of the plate; and d is as
defined in 2.2.2.

Centreline of cylinder

Fig. 10.2.5 Regular staggering of holes

ER5 J
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2.3 Compensating effect of tube stubs
2.3.1 Where a drum or header is drilled for tube stubs
fitted by strength welding, either in line or in staggered
formation, the effective diameter of holes is to be taken
as

where dt = the equivalent diameter of the hole, in mm,
dt = the actual diameter of the hole, in mm,

t = the thickness of the shell, in mm,
A — the compensating area provided by each

tube stub and its welding fillets, in mm2.

2.3.2 The compensating area, A, is to be measured in
a plane Through the axis of the tube stub parallel to the
longitudinal axis of the drum or header and is to be
calculated as follows (see Figs. 10.2.8 and 10.2.9):

The cross-sectional area of the stub, in excess of
that required by 7.1 for the minimum tube thick-
ness, from the interior surface of the shell up to a
distance b from the outer surface of the shell;
plus the cross-sectional area of the stub projecting
inside the shell within a distance b from the inner
surface of the shell;
plus the cross-sectional area of the welding fillets
insiae and outside the shell;

where b = jdatb
ft = actual thickness of the tube stub, in mm.

2.3.3 Where the material of the tube stub has an
allowable stress lower than that of the shell, the
compensating cross-sectional area of the stub is to be
multiplied by the ratio:
allowable stress of stub at design metal temperature
allowable stress of shell at design metal temperature

2.4 Unreinforced openings
2.4.1 Openings in a definite pattern, such as tube
holes, may be designed in accordance with the Rules for
ligaments in 2.2, provided that the diameter of the
largest hole in the group does not exceed that permitted
by 2.4.2.

Calculated minimum thickness

Calculated minimum thjc(i

I i Diameter of noie

Diameter of hole ;

The area shown hatched is half the area/)

Fig. 10.2.9 Compensation of welded tube stubs
The calculated minimum Thickness is to satish

2,4.2 The maximum diameter, d, of any unreinfo
openings is to be obtained from the curves in
1 0-.2. 1 0 or Fig. 10.2.11. The value of K to be ust:

calculated from the following formula:

K=
18,2crf V 1,82crf/

where p, Dc and a are as defined in 1 .2, \
t = actual thickness of shell, in mm.

2.4.3 For elliptical or oval holes, d refers to the m:;
axis when this lies longitudinally or to the mean oh
major and minor axes when the minor axis i
longitudinally.

2.4.4 No unreinforced opening is to exceed 200ir.i
in diameter. ,

2.5 Reinforced openings
2.5.1 The following notations are used in
10.2.12:

A = calculated thickness of a shell without join'
opening, t

B = thickness calculated in accordance with !•'•
C = 0_,8_stí^ - -
D = %£>,ra and is not to exceed 0,sd,,
ra = actual thickness of shell plate, in mm,
rL = actual thickness of standpioe stem or bra""'

mm, _ >

í, = thickness of added reinforcement, in mml^',
be zero when tnere is no compensating P|3 •
the side of the shell under consideration).

d, = internal diameter of stancotoe or branch,1

D, = internal diameter of cylindrical snell,

Tne area snown hatched is half the area A

Fig. 10.2.S Compensation of welded tube stubs
Tne calculated minimum thickness is to satisfy 7.1.

Section 2
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Fig. 10.2.10 Maximum diameter of unreinforced openings
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200

180
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Fig. 10.2.11 Maximum diameter of unreinforced openings
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(a) W.elded set-through nozzle

/=the compensating area available in the she
material and is indicated by /in Fig. 10.2.12

Z = the compensating area available in the stand
pipe material and is indicated by Z in Fig
10.2.12,

<7S = the allowable stress of the standpipe materia
at design temperature,

a = the allowable stress of shell material a
design temperature.

— is to be taken as not greater than 1.

2.5.3 Area X is to be such that the reinforcement ¡:
provided on all planes through the centre of the openinc
and normal to the shell surface, and is to be calculated a;
the product of the radius of the hole cut in the shell anc
the thickness A that would be required for an equivalen'
seamless unpierced shell.

/
a

cr
'b — -

// \( /
J N

rv

LJ

_

X
. JJ
ç&yxi&x-

\- r-JT L.4 /
T /
I Z-Í

A í

~P

ï D \PX n r

\ "-"--p-" j
w ¿ t
à ï

(b) Welded set-through nozzle with compensating plate

x
__U-i

2.5.4 Area /is to be measured in the same plane as
area X, and is to be calculated as the product of the
difference between the actual shell thickness and the
equivalent unpierced shell thickness, A, and the dimen-
sion from edge of opening in shell to limit D,

2.5.5 Area Z is to be measured in the same plane as
area X, and is to be calculated as follows:

For that part of the standpipe which projects outside
the shell, calculate the full cross-sectional area of
the stem up to a distance C from the actual outer
surface of the shell plate, and deduct from it the
cross-sectional area which the stem would have if
its thickness were as calculated in accordance with
7.1,
plus, in the case of set-through nozzles (see Fig.
10.2.12 (a) and (b)), the full cross-sectional area of
that part of the stem which passes through the shell
thickness defined by A and that part of the stem
which projects inside the shell up to a distance C,
from the inside surface of the shell,
plus the cross-sectional area of all appropriate fillet
welds,
plus, if additional reinforcement is fitted as illu-
strated in Fig. 10.2.12 (b), the cross-sectional area
of the reinforcement and the sectional area of its
fillet welds.

2.5.6 The welds attaching standpipes and reinforcing
plates to the shell are to be of sufficient size to transmit
the full strength of the Reinforcing areas and all other
loadings to which they may be subjected.

(c) Welded set-on nozzle

Fig. 10.2.12 Compensation for welded standpipes
or branches in cylindrical shells

2.5.2 Openings larger than those permitted by 2. 4 are
to be reinforced by the method shown in Fig. 10.2.12.
Compensation will be considered adequate when:

where X = the area to be compensated and is indicated
by Xin Fig. 10.2.12,

11 Section 2
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SECTIONS
Spherical shells subject to internal pressure

3.1 Minimum thickness

3.1.1 The minimum thickness of a spherical shell is to
be determined by the following formula:

20oJ-0,5p
Pfí,

+ 0,75 mm

„ . n—+ 0,75 mm
2aJ-0,sp J

where t, p, R,, a and J are as defined in 1.2.

3.1.2 The formula in 3.1.1 is applicable only where
the resulting thickness does not exceed half the internal
radius.

3.1.3 Openings in spherical shells are to comply with
4.3 to 4.6 where applicable.

4.1.7 For ends which are butt welded to th
shell (see 1.8), the thickness of the edge of the f|a

 dr'
connection to the shell is to be not less th^
thickness of an unpierced seamless or welded"
whichever is applicable, of the same díamete51'
material and determined by 2.1. f '<•'•

4.2 Shape factors for dished ends

4.2.1 The shape factor, K, to be used in4,1.i
obtained from the curves ir) Fig. 10.4.1, and

the ratio of height to diameter
H

4.2.2 The lowest curve in the series provides •
factor K for plain (i.e. unpierced) ends. For lower va l *
of H/D0, K depends upon the ratio of thickness-,
diameter, t/D0, as well as on the ratio H/D0, and a 51 j
calculation may be necessary to arrive at the com
value of K.

SECTION 4

Dished ends subject to internal pressure

4.1 Minimum thickness

4.1.1 The thickness, t, of semi-ellipsoidal, torispheri-
cal and hemispherical unstayed ends, dished from plate,
having pressure on the concave side and satisfying the
conditions listed below, is to be determined by the
following formula:

PD0Kf = + 0,75 mm

+ 0,75 mm
2aJ

where f, p, D0, a and J are as defined in 1.2,
K= a shape factor, see 4.2 and Fig. 10.4.1.

4.1.2 For semi-ellipsoidal ends:
the external height, H > 0,18 D0

where D0= the external diameter of the parallel portion
of the end, in mm,

4.1.3 For torispherical ends:
the internal radius, R, ^ D0

the internal knuckle radius, /•, > 0,1 D0

the internal knuckle radius, r-( ^ 3f
the external height, H ̂  0,18 D0, and is determined

as follows:
W=fl0-v(/î0-0,5D0) (R0 + 0,5D0-2r0)

4.1.4 In addition to the formula in 4.1.1 the thick-
ness, f, is to be not less than that determined by the
following formula:

._ P*
20aJ-0,5p

+ 0,75 mm

- + 0,75 mm )
2aJ-0,5p

where f, p, R,, a and J are as defined in 1.2.

4.1.5 In all cases, H is to be measured from the
commencement of curvature, see Fig. 10.4.2.

4.1.6 The minimum thickness of the head, t, is to be
not less than 9,5 mm. In special cases where it is
proposed to use less than 9,5 mm thickness, the
proposal will be the subject of special consideration.

Sections 3 & 4

4.3 Dished ends with unreinforced openings

4.3.1 Openings in dished ends may be circulai,
approximately elliptical. i

4.3.2 The upper curves in Fig. 10.4.1 provide vaU
of K to be used in 4.1.1, for ends with unreinfoni
openings. The selection of the correct curve depends»

d I
the vaiijp- ^nH a trial calculation is necessary i

-Pe í ,
select the correct curve, where

c/ = the diameter of the largest opening ¡n the ci
plate, in mm (in the case of an elliptic
opening, the larger axis of the ellipse),

f = minimum thickness, after dishing, in mm,
D0 = outside diameter of dished end, ¡n mm,

i
4.3.3 The following requirements must ¡n any MÍ
be satisfied:

4.3.4 From Fig. 10.4.1 for any selected ratio off

, J-,,
the curve for unpierced ends gives'a value for --^

well as for K. Openings giving a value °^~jF~j !

greater than the value so obtained may thus be P'6^,
through an end designed as unpierced withou
increase in thickness.

4.4 Flanged openings in dished ends

4.4.1 The requirements in 4.3 apply etlu*;
flanged openings and to unflanged openings cu t ,
plate of an end. No reduction may be made in en
thickness on account of flanging.

4.4.2 Where openings are flanged, the radius '̂;
the flanging is to be not less than 25 mm, s ,
10.4.2 (d). The thickness of the flanged portion
less than the calculated thickness.

12
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4,0

3,5

3,0

2,5

2,0

1,5

1,0

0,9

0,8

0,7

0,6

0,5

0,10

Fig. 10.4.1 Shape factor
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13 Section 4



Chapter 10 LLOYD'S REGISTER OF

(c) Semi-ellipsoidal end (radius of curvature at opening)

(a) Torispherical end

H

(b) Semi-ellipsoidal end

Fig. 10.42 Typical dished ends

4.5 Location of unreinforced and flanged openings
in dished ends

4.5.1 Unreinforced and flanged openings in dished
ends are to be so arranged that the distance from the
edge of the hole to the outside edge of the plate and the
distance between openings are not less than those
shown in Fig. 10.4.3.

4.6 Dished ends with reinforced openings
4.6.1 Where it is desired to use a large opening on a
dished end of less thickness than would be required by
4.3, the end is to be reinforced. This reinforcement may
consist ci a ring or standpipe weloed into the hole, or of
reinforcing plates welded to the outside and/or inside of
the end si the vicinity of the hole, or a combination of
both metnods, see Fig. 10.4.4. Forged reinforcements
may be used.

4.6.2 fleinforcing material within the following limits
may be taken as effective reinforcement:
(a) The effective width /, of reinforcement is not to

exceed N;2/?,ror 0,5c/0 whichever is the lesser.

(b) The affective length 12 of a reinforcing ring is not to
exceed /c?r¡

(d) End with manhole (semi-ellipsoidal or torispherical!

Where Rt=the internal radius of the spherical part of
torispherical end, in mm, or

/?¡=the internal radius of thé meridian of j"
ellipse at the centre of the opening, o f:
semi-ellipsoidal end, in mm, and is given'
the following formula:

a'b

where a, b and x are shown in Fig. 10.4.2(c!,

rb = actual thickness of ring or stanapipe. m

dD = external diameter of ring or standpipe.'n

/, and /, are as shown in Fig. 10.4.4.

4.6.3 The shape factor, K. for a dished endI
reinforced opening can be read from Fig. 10.*
tne value obtained from:

instead of from

Section 4 14.
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0,1 D minimum 0,1D minimum

Not less than diameter
of smaller opening

Fig. 10.4.3 Opening in dished ends

/, = -v/2/?, t or 0,5d0 whichever is the lesser

/2 is not to exceed ^Jd0 rb

Fig. 10.4.4 Limits of reinforcement

where A= the effective cross-sectional area of rein-
forcement and is to be twice the area shown
shaded on Fig. 10.4.4.

As in 4.3, a triai calculation is necessary in order to select
the correct curve.

4.6.4 The area shown in Fig. 10.4.4 is to be obtained
3s follows:

Calculate the cross-sectional area of reinforcement
both inside and outside the end plate within the
length /,,
plus the full cross-sectional area of that part of the
ring or standpipe which projects inside the end plate
up to a distance /2,
plus the full cross-sectional area of that part of the
ring or standpipe which projects outside the internal
surface of the end plate up to a distance /2, and
deduct the sectional area which the ring or stand-
pipe would have if its thickness were as calculated in
accordance with 7.1.

4.6.5 If the material of the ring or the reinforcing
plates has an allowable stress value lower than that of
the end plate, then the effective cross-sectional area, A,
is to be multiplied by the ratio:
allowable stress of reinforcing plate at design temperature

allowable stress of end plate at design temperature

SECTION 5

Conical ends subject to internal pressure

5.1 General

5.1.1 Conical ends and conical reducing sections, as
shown in Fig. 10.5.1, are to be designed in accordance
with the equations given in 5.2.

5.1.2 Connections between cylindrical shell and
conical sections and ends should preferably be by means
of a knuckle transition radius. Typical permitted details
are shown in Fig. 10.5.1. Alternatively, conical sections
and ends may be butt welded to cylinders without a
knuckle radius where the change in angle of slope, î ,
between the two sections under consideration does not
exceed 30°.

5.1.3 Conical ends may be constructed of several ring
sections of decreasing thickness, as determined by the
corresponding decreasing diameter.

5.2 Minimum thickness

5.2.1 The minimum thickness, t, of the cylinder,
knuckle and conical section at the junction and within the
distance L from the junction is to be determined by the
following formula:

t =

A =

20aJ
PD0K
2aJ

+ 0,75 mm

-0,75 mm

where t, p, a and J are as defined in 1.2,
£>0 = outside diameter, in mm, of the conical

section or end, see Fig. 10.5.1,
/C= a factor, taking into account the stress in the

knuckle, see Table 10.5.1.

5.2.2 If the distance of a circumferential seam from
the knuckle or junction is not less than L, then J is to be
taken as 1,0; otherwise J is to be taken as the weld joint
factor appropriate to the circumferential seam,
where ¿=distance, in mm, from knuckle or junction

within which meridional stresses determine
the required thickness, see Fig. 10.5.1,

= 0,5,

15 Sections 4 & 5
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\¡/ = difference between angle of slope of two
adjoining conical sections, see Fig. 10.5.1,

r¡ = inside radius of transition knuckle, in mm,
which is to be taken as 0,01 Dc in the case of
conical sections without knuckle transition.

5.2.3 The minimum thickness, f, of those parts of
conical sections not less than a distance L from the
junction with a cylinder or other conical section is to be
determined by the following formula:

6.1.4 The pipe or header which carries the .super.

t =
(20aJ-p)

r =

cosa
1

-+0,75 mm

+ 0,75 mm J
(2aJ-p) cosa

where Dc = inside diameter, in mm, of conical section or
end at the position under consideration, see
Fig. 10;5.1,

a, a,, a.2 = angle of slope of conical section (at the
point under consideration) to the vessel
axis, see Fig. 10.5.1.

5.2.4 The greater of the two thicknesses determined
by the formulae in 5.2.1 and 5.2.2 is to apply.

5.2.5 The thicknesses of conical sections having an
angle of inclination to the vessel axis of more than 75° is
to be determined as for a flat plate.

SECTION 6
Standpipes and branches

6.1 Minimum thickness

6.1.1 The minimum wall thickness of Standpipes and
branches is to be not less than that determined by 7.1,
making such additions as may be necessary on account
of bending, static loads and vibration. The wall thick-
ness, however, is to be not less than:

î = 0,04D0+2,5 mm
where t and D0 are as defined in 1 .2.

6.1.2 For boilers having a working pressure exceed-
ing 50 bar (51 kgf/cm2) and safety valves of full lift or full
bore type, the thickness of the branch pipe carrying the
superheater or drum safety valves is to be not less than:

r = 10,2

['•

mm

DWK~\
J

1,3er J
\

mm
/

where r and a are as defined in 1 .2,
d = inside diameter of branch, in mm,
D = inside diameter of safety valve discharge, in

mm,
W = total valve throughput, in kg/h,
K = 2 for superheater safety valves,

= 1 for drum safety valves.

heater safety valve is to be suitably thickened but is to h
not less than the thickness required for the branch { 6

a distance of vD2r on either side of the opening,
where D2 = inside diameter of the pipe or header,

f = thickness required f or the branch.

6.1.5 Exceptas required by 6.1.4, in no case need the
wall thickness exceed thac of the shell.

6.1.6 Where a standpipe or branch is connected by
screwing, the thickness is to be measured at the root of
the thread.

6.1.7 For boiler, superheater or economizer tubes, the
minimum thickness of the drum orthe header connection
or tube stub is to be calculated as part of the tube ¡n
accordance with 7.1.

SECTION 7

Boiler tubes subject to internal pressure
/

7.1 Minimum thickness (

7.1.1 The minimum wall thickness of straight tubes
subject to internal pressure is to be determined by the
following formula:

r = mm t = mm
20a+p

where t, p, D0 and a are as defined in 1.2.
NOTE 1. Provision must be made for minus tolerances
where necessary and also in cases where abnormal
corrosion or errosion is expected in service. For bending
allowances, see 7.2.
NOTE 2. The thickness is ¡n no case to be less than the
minimum shown in Table 10.7,1.

Table 10.7.1 Minimum thicknesses of tubes

Nominal outside
diameter of tube

mm

^38

>38 <50

>50 ^70

>70 sS75

>75 ^95

>95 «:100

> 100 ̂ 125

Minimum
thickness

mm

1,75 ->

2,16 i

2, '40 J

2,67 "1

3,05 \

3,28 J

3,50

'Minimum
thickness

mm

2,95

3,28

3,50

'Applicable to tubes subject to internal pressure and M'6d '
cylindrical boilers, and also for the tubes of tow pressure water tuo
boilers having a design pressure of 17,2 bar (17,5 kgf/crn!) an

under with open feed systems.

6.1.3 The offset from the centre line of the waste
steam pipe to the centre line of the safety valve is not to
exceed four times the outside diameter of the safety
valve discharge pipe. The waste steam pipe system is to
be supported and arrangements made for expansion
such that no direct loading is imposed on the safety valve
chests and the effects of vibration are to be minimized.

7.1.2 It is recommended that the thickness of tube
determined by the formula in 7.1.1 be increased DY
0,25 mm for tubes subject to internal pressure a^
fitted in cylindrical boilers, and also tubes of low pressu
water tube boilers having a design pressure of 17,2 "
(17,5 kgf/cm2) and under, with open feed systems.

17 Sections 5,
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7.1.3 The minimum thickness of boiler, superheater,
reheater and economizer tubes is to be determined by
using the design stress appropriate to the mean wall
temperature, which will be considered to be the metal
temperature. Unless it is otherwise agreed between the
manufacturer and the Society, the metal temperature
used to decide the value of a for these tubes is to be
determined as follows:

(a) The calculation temperature for boiler tubes is to be
taken as not less than the saturated steam
temperature, plus 25°C for tubes mainly subject to
convection heat, or plus 50°C for tubes mainly
subject to radiant heat.

(b) The calculation temperature for superheater and
reheater tubes is to be generally taken as not less
than the steam temperature expected in the part
being considered, plus 35°C for tubes mainly
subject to convection" heat. For tubes mainly
subject to radiant heat the calculation temperature
is generally to be taken as not less than the steam
temperature expected in the part being considered,
plus 50°C, but the actual metal temperature
expected is to be stated when submitting plans.

(c) The calculation temperature for economizer tubes
is to betaken as not less than 35°C in excess of the
maximum temperature of the internal fluid.

7.1.4 The minimum thickness of downcomer tubes
and pipes which form an integral part of the boiler and
which are not exposed to combustion gases is to comply
with the requirements for steam pipes.

7.2 Tube bending

7.2.1 Where boiler, superheater, reheater and econo-
mizer tubes are bent, the resulting thickness of the tubes
at the thinnest part is to be not less than that required for
straight tubes, unless it can be demonstrated that the
method of forming the bend results in no decrease in
strength at the bend. The manufacturer is to demon-
strate in connection with any new method of tube
bending that this condition is satisfied.

7.2.2 Tube bending, and subsequent heat treatment,
where necessary, Is to be carried out as to ensure that
residual stresses do not adversely affect the strength of
the tube for the design purpose intended.

8.2.2 Fig. 10.8.1 shows values of -= corresponding

_4
to values of a term K, for parameters of —

B

where A = the distance, in mm, between the centreline
of the openings and the limit of the effective
width, B, of the header. Where there is more
than one row of holes, A is the distance to
the row showing the lowest efficiency,

B - the effective width, in mm, of the pierced
surface under consideration measured bet-
ween the supporting sides of the headers,
minus one corner radius. This effective
width is to be taken as not less than 0,9 of
the full distance between the sides.

where p and a are as defined in 1.2,

J - the efficiency of the ligaments as calculated
in 2.2. Where there are several rows of tube
holes the lowest calculated efficiency is to be
used.

8.2.3 Investigations of two stresses are necessary:

A
the stress at the corner of the header, where-5-= 0

a
and J= 1, see Fig. 10.8.1, and
the stress in the ligaments between tube holes or
other openings piercing the flat face of the header.

8.2.4 The corner radius is to be not less than 6,5 mm.

8.2.5 Where the header surfaces are machined locally
at hand holes, the total thickness may be reduced by a
maximum of 4 mm.

8.2.6 Except for small areas not exceeding 3,25 cm2,
where a reduction of designed thickness up to 50 per
cent may be permitted, the thickness derived from use
of Fig. 10.8.1 is to be the minimum. Such minimum is in
no case to be less than 7,5 mm or, where tube holes are
drilled, to be less than:

f = 0,5v'£7+6,35 mm
where d = the diameter of the tube hole, in mm.

CROSS-REFERENCES

For details of manholes, sight holes and doors, see 14.1.
For details of tube holes and fining of tubes, see 14.9.

8.3 Header ends

8.3.1 The shape and thickness of ends forged
integrally with the bodies" of headers are to be the
subject of special consideration.

SECTION 8

Headers

8.1

8.1.1
Circular section headers

The minimum thickness of circular section
Readers is to be calculated in accordance with the
formula for cylindrical shells in 2.1.

Rectangular section headersB.2

3-2.1 The thickness of flat surfaces of rectangular
solid forged headers is to be not less than (?-r 0,75) mm
A»here r = the greatest basic thickness, in mm, derived
3Y the use of Fig. 10.8.1.

Sections 7 & 8

8.3.2 Where sufficient experience of previous satis-
factory service of headers with integrally forged ends
cannot be shown, the suitability of a proposed form of

• end is to be proved in accordance with the provisions of
1.10.

8.3.3 Ends attached by welding are to be designed as
follows:

Dished ends: these are to be in accordance with
4.1.
Flat ends: the minimum thickness of flat end plates
is to be determined by the following formula:

r = d, t = ¡
"V a /

where p and a are as defined in 1 .2.

18
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10.5.2 The inside radii of dishing and flanging are to be
as required by 10.3.

10.6 Dished and flanged ends for unsupported
vertical boiler furnaces

10.6.1 The minimum thickness, r, of dished and
flanged ends for vertical boiler furnaces that are subject
to pressure on the convex side and are without support
from stays of any kind, is to be determined by the
following formula, but is in no case to be less than the
thickness of the firebox:

t =
660

mm

+ 0,75 mm
675

where t and p are as defined in 1.2,
/?0 = outside radius of the crown plate, in mm

D

(in no casé is —- to exceed 88),

C=
2x or 0,85 whichever is the greater,

x = specified minimum 0,2 per cent proof stress
in N/mm2 (kgf/mm2), at a temperature 90°C
above the saturated steam temperature cor-
responding to the design pressure for carbon
and carbon-manganese steel with a specified
minimum tensile strength of 400 N/mm2 (41
kgf/mm2),

a-specified minimum 0,2 per cent proof stress
in N/mm2 (kgf/mm2), at a temperature 90°C
above the saturated steam temperature cor-
responding to the design pressure for the
steel actually used.

10.6.2 The inside radius of curvature, /7¡, of the end
plate is to be not greater than the external diameter of the
cylinder to which it is atttached.

10.6.3 The inside knuckle radius, r., see Fig. 10.4.2 (a),
of the arc joining the cylindrical flange to the spherical
surface of the end is to be not less than four times the
thickness of the end plate and in no case less than 65
mm.

SECTION 11
Cylindrical furnaces subject to external pressure

11.1 Maximum thickness
11.1.1 Furnaces, plain or corrugated, are not to exceed
22,5 mm in thickness.

11.2 Corrugated furnaces
11.2.1 The minimum thickness, í, of corrugated fur-
naces is to be determined by the following formula:

pD
f = ̂  + 0,75 mm

0
where p is as defined in 1.2,

D0 = external diameter of the furnace measured at
the bottom of the corrugations, in mm,

f = thickness of the furnace plate measured at
the bottom of the corrugations, in mm,

C= 1060 (1080) for Fox, Morison and Deighton
corrugations,

= 1130 (1150) for Suspension Bulb corruga-
tions.

11.3 Plain furnaces, flue sections and comh
chamber bottoms S(iti

11.3.1 The minimum thickness, r, of plain fyrn

furnaces strengthened by stiffening rings, QfCeS;

sections and of the cylindrical bottoms of comb '!>!

chambers is to be determined by the following f0rii!
st"-"<

the greater of the two thicknesses obtained beinq t '""'•

WjL

('-V
102400

>£>(/. +610)

104400

. L

+ 0,75 mm

1100

L

+ 0,75 mm

+0,75
1120 320

where t and p are as defined in 1.2,
D0=external diameter of the furnace, flue,

combustion chamber, in mm,
L - length of section between the centres f

points of substantial support, in mm,

X + ff

x and a are as defined in 10.6.

11.4 Plain furnaces of vertical boilers

11.4.1 The thickness of plain furnaces not exceed\
1700 mm in external diameter is to be determined byi'i
formulae given in 11.3.1, the greater of the w
thicknesses being taken,
where D=external diameter of the furnace, in ITV,

Where the furnace is tapered, the diameteii
be taken for calculation purposes is to ben
mean of that at the top and that at the botM
where it meets the substantial support (id
flange, ring or row of stays.

L-effective length, in mm, of the furmd
between the points of substantial support
indicated in Fig. 10.11.1.

11.4.2 For furnaces under 760 mm in extérnale
meter, the thickness is to be not less than 8 mm, and
furnaces 760 mm in external diameter and over, J
thickness is to be not less than 9,5 mm. fumai
exceeding 1700 mm in external diameter will be ̂
subject of special consideration.

11.4.3 A circumferential row of stays connecting ^
furnace to the shell will be considered to P'°'
substantial support to the furnace, provided that: ^

the diameter of the stay is not less than 22,5 ̂  jf
twice the thickness of the furnace, whicheve'1 •;
greater. In the case of screwed stays the diaff '
to be measured over the threads,
the pitch of the stays at the furnace does not exc-
14 times the thickness of the furnace.

11.5 Hemispherical furnaces

11.5.1 The minimum thickness, r, of unsUP
0p '

hemispherical furnaces subject to Pressure
(0||£,.

i

convex surface is to be determined by the
formula:

25 Sections 10»



Chapter 10 LLOYD'S REGISTER OF SHIPPING

See Table

Shell

Firebox crown

i J

Tangent See text for fireboxes
of vertical boilers

Firebox

See text for particulars
of staying

Firebox

Ogee ring

H/D

0,169

0,2

0,25

0,3

0,4

0,5

X/D

0,07

0,08

0,1

0,12

0,16

0,2

Fig. 10.11.1 Effective length, I, for use in 11.4

+0,75 mmCpRK

608

f§+0,75 mm)

where f and p are as defined in 1.2,
/?„ = outer radius of curvature of the furnace, in

mm,
2x

C = or 0,85 whichever is the greater,
x + a

x and CT are as defined in 10.6.

11.5.2 In no case is the minimum thickness, f, to
R

exceed 22,5 mm, or the ratio ° to exceed 100.
í ~" L/, f O

,=
9900

¡pD,lD,-D0

mm

+ 0,75 mmt ' 10110
where r and p are as defined in 1.2,

D¡ = inside diameter of boiler shell, in mm,
D0 = outside diameter of the lower part of the

furnace where it joins the ogee ring, in mm.

11.7 Uptakes of vertical boilers
11.7.1 The minimum thickness, t, of internal uptakes
of vertical boilers is to be determined by the following
formulae, the greater of the two thicknesses obtained
being taken:

t =

í =

1 02 400

104400

+ 4 mm

+ 4 mm

f =

í =

PPp , L
1100 320

+ 4 mm

-+4 mm
1120 320

where t and p are as defined in 1.2,
D0 = external di.ameter of uptake, in mm,

L = length of uptake between the centres of
points of substantial support, in mm.

SECTION 12

Boiler tubes subject to external pressure

12.1 Plain tubes
12.1.1 The thickness of-plain tubes is to be in
accordance with Table 10.12,1 for the appropriate
outside diameter and design pressure.

12.1.2 Plain tubes may be seal welded at both ends,
seal welded at the inlet end and expanded at the outlet
end, or expanded at both ends. Where plain tubes are
seal welded, the weld detail is to be shown in Fig. 10.9.4
and the tubes are to be expanded into the tube plates in
addition to welding,

12.1.3 Where plain tubes are expanded only, the
process is to be carried out with roller expanders, and the
expanded portion of the tube is to be parallel through the
full thickness of the tube plate, in addition to expanding,
tubes may be bell-mouthed or beaded at the inlet end.

12.1.4 Where the total number of tubes is arranged in
one nest and no stay tubes are fitted (see 9.2.1), the

-ends of all tubes are to be welded or expanded and
beaded at the inlet end, and welded or expanded at the
outlet end.

11.6 Ogee rings
11.6.1 The minimum thickness, í, of the ogee ring
which connects the bottom of the furnace to the shell of
a vertical boiler and sustains the whole vertical load on
the furnace is to be determined by the following formula:

12.2 Cross tubes
12.2.1 Cross tubes are not to exceed 300 mm internal
diameter. The minimum thickness, f, is to be determined
by the following formula, but is in no case to be less than
9,5 mm:

Sections 11 & 12 26
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Table 10.12.1 Thickness of plain tubes under external pressure

Design pressure, in bar

38

-

-

-

-

-

26,6
127,1)

20,3
(20,7)

14,8
(15,1)

44.5

-

-

-

-

29,3
(29,9)

22.8
(23,2)

16.9
(17,2)

12,4
(12,6)

51

-

-

-

-

25,5
(26,0)

20,7
(21-,1)

14,8
(15,1)

10,7
(10,9)

57

-

-

-

27,6
(28,1)

22,8
(23,2)

17,9
(18,3)

13,1
(13,4)

9,6
(9,8)

Outside

63,5

-

-

-

24,8
(25,3)

20,7
(21,1)

15,9
(16,2)

12,1
(12,3)

8,6
(8,8)

(kgf/cm5
)

diameter, in mm

70

-

-

-

22,8
(23,2)

18,9
(19,3)

14,8
(15,1)

11,0
(11,2)

7,6
(7,7)

76

-

-

24,1
(24.6)

20.7
(21.1)

17.3
(17.6)

13.1
(13.4)

9.6
(9,8)

—

82,5

-

26,2
(26,7)

22.1
(22,5)

19,3
(19,7)

15,9
(16,2)

12,4
(12,6)

8,9
(9,1)

—

89

-

24,1
(24,6)

20,7
(21,1)

17,9
(18,3)

14,8
(15,1)

11.4
(11,6)

8,2
(8,4)

—

95

26.9
(27,4)

22,8
(23,2)

19.3
(19,7)

16.6
(16,9)

13,7
(14.0)

10,3
(10,5)

7,6
(7,7)

—

102

25.2
(25,7)

21.4
(21.8)

17.9
(18,3)

15,9
(16,2)

12.7
(13,0)

9,6
(9,8)

6,9
(7,0)

—

Thickness,

in mm

5,89

5.38

4,88

4,47

( 4,06

3,66

3,25

2,95

Î =
450

+ 6,5

mm

mm )

where f and p are as defined in 1.2,
D-t = internal diameter of cross tube, in mm.

12.3 Pitch of tubes

12.3.1 The spacing of tube holes is to be such that the
minimum width, in mm, of any ligament between the
tube holes is not less than:

0,125c/+12,5 mm
where d = diameter of the tube hole, in mm.

13.2 Combustion chamber and longitudinal bar
stays

13.2.1 The permissible stress in combustion chamber
and other similar stays, calculated on the minimum
sectional area, is not to exceed 62 N/mm2 (633 kgf/cm2).

13.2.2 The diameter of any stay is to be not less than
19 mm.

13.2.3 The permissible stress in longitudinal stays,
calculated on the minimum cross-sectional area, is not
to exceed:
minimum specified tensile strength, in N/mm2 (kgf/crrj[

5,3

SECTION 13

Stay tubes and bar stays for cylindrical boilers

13.1 Stay tubes

13.1.1 Each stay tube is to be designed to carry its due
proportion of the load on the plates which it supports.
No stay tube is to be less than 5 mm thick at its thinnest
part.

13.1.2 The thickness of stay tubes welded to tube
plates is to be such that the maximum stress on the
thinnest part of the tube does not exceed 69 N/mm2

(705 kgf/crrr).

13.1.3 Welded-in stay tubes are to be expanded into
the tube plate in addition to welding. Typical examples
of welded stay tube attachments are shown in Fig.
10.9.5.

13.1.4 Stay tubes may be welded into the boiler after
stress relief, provided they are not adjacent in the same
tube nest.

13.2.4 In no case is the diameter of the longitudinal stay
at any section to be less than 25 mm.

13.3 Loads on stay tubes and bar stays
13.3.1 Stay tubes and bar stays are to be designed to
carry the whole load due to the pressure on the area to W
supported.

13.3.2 For a stay tube or bar stay, the net area to be

supported is to be the area, in mrrr, enclosed by tne »o
bisecting at right angles the lines joining the stay and tn
adjacent noints of sunnorr. less the area of anv tubesadjacent points of support, less the area of any '
stays embraced. In the case of a stay tube or bar =>"•> •
the boundary rows, the support afforded by the flat P'a

margin, where applicable, should be taken into accou

27

13.3.3 Where there are no stay tubes in the tube n&'
the area to be supported by a bar stay is to extend t°
tangential boundary of the tube nest.

Sections 12 &13
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15.2 Safety valves
15.2.1 Boilers and steam generators are to be fitted
with not less than two safety valves, each having a
minimum internal diameter of 38 mm if of ordinary type
or 25 mm if of high lift or full lift type, but those having a
total heating surface of less than 50 m2 may have one
valve not less than 50 mm diameter.

1 5.2.2 The valves, spindles, springs and compression
screws are to be so encased and locked or sealed that the
safety valves and pilot valves, after setting to the
working pressure, cannot be tampered with or over-
loaded in service; the spring casing of superheater safety
valves should be ventilated, or other arrangement
provided to protect the springs from excessive
temperature.

15.2.3 Valves are to be so designed that in the event of
fracture of springs they cannot lift out of their seats.

15.2.4 Easing gear is to be provided for lifting the
safety valves and is to be operable by mechanical means
at a safe position from the boiler or engine room
platforms.

1 5.2.5 Safety valves are to be made with working parts
having adequate clearances to ensure complete freedom
of movement.

15.2.6 Valve seats are to be effectively secured in
position. Any adjusting devices which control discharge
capacity are to be positively secured so that the
adjustment will not be affected when the safety valves
are dismantled at surveys.

15.2.7 All the safety valves of each boiler and steam
generator may be fitted in one chest, which is to be
separate from any other valve chest and is to be
connected directly to the shell by a strong and stiff neck,
the passage through which is to be of cross-sectional
area not less than the aggregate area of the safety valves
in the chest in the case of full lift valves, and one-half of
that area in the case of other valves. For the meaning of
aggregate area, see 15.2.11.

15.2.8 Each safety valve chest is to be drained by a
pipe fitted to the lowest part and led with a continuous
fall to the bilge orto a tank, clear of the boilers. No valves
or cocks are to be fitted to these drain pipes. It is
recommended that the bore of the drain pipes be not less
than 19 mm.

Saturated steam safety valves:

r =
98,1

_
100

Superheated steam safety valves:
£ =

98,1

XlC(p+1,05)
100

where £ = the maker's specified peak load evapora-
tion, in kg/hour (including all evaporation
from water walls, integral, or steaming
economizers and other heating surfaces in
direct communication with the boiler). In no
case is the designed evaporation tobe based
on less than 29 kg/m2 hour of heating
surface for fired boilers and 14,5 kg/m2 hour
for exhaust gas heated boilers,

A = for ordinary, high lift or improved high lift
safety valves, the aggregate area, in mm2,
of the orifices through the seatings of the
valves, neglecting the area of guides and
other obstructions,

= for full lift safety valves, the net aggregate
area, in mm2, through the seats after
deducting the area of the guides or other
obstructions when the valves are fully lifted,

C = 4,8 for valves of ordinary type having a

minimum lift of —,

= 7,2 for valves of high lift type, having a

minimum lift of —,
1 5

= 9,6 for valves of improved high lift type

having a minimum lift of ——,

= 19,2 for valves of full lift type having a
D

minimum lift of —,

D = bore of valve seat, in mm,
p = design pressure, in bar (kgf/cm2) gauge,

Vs = specific volume of saturated steam
(rrrVkg),

VH = specific volume of superheated steam
(nrVkg).

1 5.2.9 Safety valves for shell type exhaust gas steam-
ing economizers are to incorporate fail safe features
which will ensure operation of the valve even with solid
matter deposits on the valve and guide. Alternatively, a
bursting disc discharging to a suitable waste steam pipe
is to be fitted. These emergency devices are to function
at a pressure not exceeding 1,5 times the economizer
approved design pressure. Full particulars of the
proposed arrangements are to be submitted for
consideration.

1 5.2.12 When the discharge capacity of a safety valve
of approved design has been established by type tests,
carried out in the presence of the Surveyors or by an
independent autnority recognized by the Society, on
valves representative of the range of sizes and pressures
intended for marine application, consideration will be
given to the use of a constant higher than C= 19.2,
'based on 90 per cent of the measured caoacity up to a
maximum of C = 45 for full lift safety valves.

1 5.1..10 Where the receiver is fitted with safety valves
to relieve the steam output of the economizer and the
economizer cannot be isolated from the receiver the
requirements of 1 5.2.9. may be waived.

1 5.2.11 The designed discharge capacities of the safety
valves on each boner and steam generator are to be
found from the following formulae:

Section 15 . . ..= 32

1 5.3 Waste steam pipes
1 5.3.1 For ordinary, high lift and improved high lift type
valves, the cross-sectional area of the waste steam pipe
and passages leading to it is to be at leas: 10 per cent
greater than the aggregate area of the safety valves

I
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as used in the formulae in 1 5.2.11. For full lift and other
approved valves of high discharge capacity, the cross-
sectional area of the waste steam pipe and passages is to
be not less than 0,1C times the aggregate valve area.

15.3.2 The cross-sectional area of the main waste
steam pipe is to be not less than the combined
cross-sectional areas of the branch waste steam pipes
leading thereto from the boiler safety valves.

15.3.3 Waste steam pipes are to be led to the
atmosphere and are to be adequately supported and
provided with suitable expansion joints, bends or other
means to relieve the safety valve chests of undue
loading.

15.3.4 The scantlings of waste steam pipes and
silencers are to be suitable for the maximum pressure to
which the pipes may be subjected in service, and in any
case not less than 10 bar {10,2 kgf/cm2).

15.3.5 Silencers fitted to waste steam pipes are to be
so designed that the clear area through the baffle plates
is not less than that required for the pipes.

15.3.6 The safety valves of each exhaust gas heated
economizer and exhaust gas heated boiler which may be
used as an economizer are to be provided with entirely
separate waste steam pipes.

15.3.7 External drains and exhaust steam vents to
atmosphere are not to be led to waste steam pipes.

15.3.8 It is recommended that a scale trap and means
for cleaning be provided at the base of each waste steam
pipe.

15.4 Adjustment and accumulation tests

15.4.1 All safety valves are to be set under steam to a
pressure not greater than the approved design pressure
of the boiler. As a working tolerance the setting is
acceptable provided the valves lift at not more than 103
per cent of the approved design pressure. During a test of
15 minutes with the stop valves closed and under full
firing conditions the accumulation of pressure is not to
exceed 10 per cent of the design pressure. During this
test no more feed water is to be supplied than is
necessary to maintain a safe working water level.

15.5 Stop valves
15.5.1 One main stop valve is to be fitted to each boiler
and secured directly to the shell. There are to be as few
auxiliary stop valves as possible so as to avoid piercing
the boiler shell more than is absolutely necessary.

15.5.2 Where two or more boilers are connected
together:

Stop valves of self-closing or non-return type are to
be fitted.
Essential services are to be capable of being
supplied from at least two boilers.

15.6 Water level indicators

15.6.1 Every boiler is to be fitted with at least two
independent means of indicating the water level in it, one
of which is to be a glass gauge. The other means is to be
either an additional glass gauge or an approved equiv-
alent device.

15.6.2 A set of not less than two test cocks win.
accepted as the approved equivalent device mentin
in 15.6.1 for boilers having a design pressure lesst^8

8,2 bar (8,4 kgf/cm2) or an internal diameter less th^
1,83 m. The test cocks are to be fitted, wh
practicable, direct to the boiler plating. ' e'6

15.6.3 The water gauges are to be readily accesslhi
and placed so that the water level is clearly visible Th
lowest visible part of the glass of the water gauge and
the lower test cock, where test cocks are fitted, are to h
situated at the lowest safe working water level. e

15.6.4 The level of the highest part of the effective
heating surfaces, e.g. combustion chamber top of
horizontal boiler and the furnace crown of a vertical
boiler, is to be clearly marked in ̂  position adjacent tothe
glass water gauge.

15.6.5 The cocks of all water gauges are to be operable
from positions free from danger in the event of the glass
breaking.

15.6.6 If the water gauges are not fitted directly to the
shell of the boiler, but to stand pillars or columns, it is
desirable that these pillars or columns should be boltet
directly to the shell of the boiler. If they are connected tc
the boiler by means of pipes, the pipes are to be fittec
with terminal cocks, not valves, secured direct to tht
boiler shell. For boilers exceeding 3 m in diameter, the
pillars are to be not less than 63 mm, and the connecting
pipes not less than 38 mm internal diameter. For boilers
exceeding 2,3 m but not exceeding 3 m in diameter, the
pillars are to be not less than 50 mm and the pipes noi
less than 32 mm internal diameter. For boilers 2,3 min
diameter and under, the pillars are to be not less than 45
mm and the pipes not less than 25 mm internal diameter.
The upper ends of the connecting pipes are to be so
arranged that there is no pocket or bend where an
accumulation of water from the condensation of the
steam can lodge. They should not pass through the
uptake if they can be otherwise arranged. If, however,
this condition cannot be complied with, they may pass
through it by means of a passage at least 50 mm clear of
the pipe all round, open for ventilation.

. 15.7 Low water level fuel shut-off and alarm

15.7.1 Each fired boiler is to be fitted with a system of
water level detection which is to be independent of anï
other mounting and which will operate audible anc
visible alarms and shut off automatically the fuel suppH
to the burners when the water level falls to a predete''
mined low level.

15.8 Feed check valves

15.8.1 Two feed check valves, connected to
feed lines, are to be provided for all main and , t i v ·
boilers which are required for essential service, wit n •
exception of boilers in which steam is genera ̂
exclusively by exhaust gas or steam, where one
check valve will be accepted. See Ch 14,6.

33

15.8.2 The feed check valves are to be 3
wherever practicable, direct to the boiler, but ^
arrangements necessitate the use of standpiP65 .
tween the boiler and the check valves, these P'P. je,-:
be of steel or other approved material. For boiler
water systems, see Ch 14,6.

Sect!"»1'
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15.9 Pressure gauges
15.9.1 Each boiler is to be provided with a separate
steam pressure gauge.

15.9.2 The gauges are to be placed where they are
easily read.

15.10 Blow-down and scum valves

15.10.1 Each boiler is to be fitted with at least one blow-
down valve secured direct to the lower part of the boiler.

15.10.2 Where it is not practicable to attach the blow-
down valve direct to water tube boilers, the valve may be
placed immediately outside the boiler casing with a steel
pipe of substantial thickness fitted between the boiler
and valve. The, pipe and valve are to be suitably
supported and any pipe which may be exposed to direct
heat from the furnace is to be adequately protected.

1 5.10.3 The blow-down valve and its connections to the
sea need not be more than 38 mm, and is not to be less
than 19 mm internal diameter. For cylindrical boilers the
size of the valve may be generally 0,0085 times the
diameter of the boiler.

15.10.4 Blow-down valves and scum valves (where the
latter are fitted) of two or more boilers may be connected
to one common discharge, but where thus arranged
there are to be screw-down non-return valves fitted for
each boiler to prevent the possibility of the contents of
one boiler passing to another.

15.10.5 For blow-down valves or cocks on the ship's
side and attachments, see Ch 13,2.

15.11 Salinometer valve or cock

15.11.1 Each boiler is to be provided with a salinometer
valve or cock secured direct to the boiler in a convenient
position. The valve or cock is not to be on the water
gauge standpipe.

SECTION 16

Mountings and fittings for water tube boilers

16.1 General

16.1.1 Mountings and fittings not mentioned in this
Section are to be in accordance with the requirements in
Section 1 5.

16.2 Safety valves

16.2.1 Water tube boilers are to be fitted with not less
than two safety valves of area and design in general
accordance with the requirements of 15.2, except that
the minimum diameter of high discharge type valves may
be 25 mm or equivalent free area.

16.2.2 Each saturated steam drum and each super-
heater are to be provided with at least one safety valve.

16.2.3 Where the superheater forms an integral part of
the boiler, the relieving capacity of the superheater
safety valve(s), based on the reduced pressure at the
superheater outlet, may be included as part of the total

relieving capacity required for the boiler. As some
National Authorities limit the proportion of the super-
heater safety valve relieving capacity which may be
credited towards the total capacity for the boiler,
builders should give attention to any relevant statutory
requirements of the National Authority of the country in
which the ship is to be registered.

16.2.4 The boiler and superheater valves are to be so
disposed and proportioned between saturated steam
drum and superheater outlet that the superheater will be
protected from overheating under all service conditions,
including an emergency stop of the ship at full power.

16.2.5 Where it is proposed to fit full bore safety valves
operated by independent pilot valves, the arrangements
are to be submitted for consideration. The pipes
connecting pilot valves and main valves are to be of
ample bore and wall thickness to minimize the possibility
of obstruction and damage.

16.2.6 Where it is impracticable to attach safety valves
directly to the superheater, the valves are to be located
as near as possible thereto and fitted to a branch piece
connected to the superheater outlet pipe.

16.2.7 In high temperature installations the drains from
safety valves are to be led to a tank or other place where
high temperature steam can be safely discharged.

16.3 Safety valve settings

16.3.1 All boiler and superheater safety valves are to
be set under steam to their respective working press-
ures, which are not to be greater than the approved
design pressure of the boiler. As a working tolerance the
setting is acceptable provided the valves lift at not more
than 103 per cent of the approved pressure.

16.3.2 In the setting of superheater safety valves,
allowance is to be made for the pressure drop through
the superheater so that under discharge conditions the
pressure in the boiler will not exceed the approved boiler
pressure.

16.3.3 In no case is the superheater safety valve
setting to exceed by more than 3 per cent the pressure
for which the steam piping is approved.

16.4 Waste steam pipes

16.4.1 The waste steam pipe and passages leading to
it from the safety valves are to be in general accordance
with the requirements of 15.3.

16.4.2 In installations operating with a high degree of
superheat, consideration is to be given to the high
temperatures which waste steam pipes, silencers and
surrounding spaces will attain when the superheater
safety valves are blowing during accumulation tests and
in service, adequate protection against heat effects is to
be provided to the Surveyor's satisfaction.

16.4.3 Waste steam pipes are to be led well clear of
electric cables and any parts or structures sensitive to
heat or likely to distort; the pipes are to be insulated
where necessary. In these installations each boiler
should have a separate waste steam pipe system to
atmosphere, with supporting and expansion arrange-
ments such that no direct loading is imposed on the
safety valve chests.

Sections 15 & 16 34
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16.5 Accumulation tests

16.5.1 Tests for accumulation of pressure are to be
carried out with the stop valve closed and under full
firing conditions for a period not exceeding 7 minutes.
The accumulation is not to exceed 10 per cent of the
design pressure.

16.5.2 Where accumulation tests might endanger the
superheaters, consideration will be given in cases of
fired boilers to the omission of these tests, provided that
application is made when the boiler plan and sizes of
safety valves are submitted for approval, and that the
safety valves are of an approved type for which the
capacity has been established by test in the presence of
the Surveyors or an approved independent authority, or
for which the Society is satisfied, by long experience of
accumulation tests, that the capacity is adequate.
When it is agreed to waive accumulation tests, it will be
required that the valve makers provide a certificate for
each safety valve, stating its rated capacity at the
approved working conditions of the boilers and that the
boiler makers provide a certificate for each boiler stating
its maximum evaporation.

16.5.3 The safety valves are to be found satisfactory
in operation under working conditions during the trials
of the machinery on board ship.

16.6 Water level indicators

16.6.1 Every boiler is to be fitted with at least two
independent means of indicating the water level in it,
one of which is to be a glass water gauge. The other
means is to be either an additional glass water gauge, or
an approved equivalent device other than test cocks.

16.6.2 Where a steam and water drum exceeding 4 m
in length is fitted athwartships, two glass water gauges
are to be fitted in suitable positions, one near each end
of the drum.

16.6.3 The position of the glass water gauges of
boilers in which the tubes are entirely drowned when
cold is to be such that water is just showing in the glass
when the water level in the steam drum is just above the
top of the uppermost tubes when the boiler is cold.

16.6.4 In boilers, the tubes of which are not entirely
drowned when cold, the glass water gauges are to be
placed, to the Surveyor's satisfaction, in the positions
which have been found by experience to indicate
satisfactorily that the water content is sufficient for
safety when the boiler is worked under all service
conditions.

16.7 Low water level fuel shut-off and alarm

16.7.1 Each fired boiler is to be fitted with two
systems of water level detection which are'to be
independent of each other and of any other mounting on
the boiler. Both systems are to operate audible and
visible alarms and shut off automatically the fuel supply
to the burners when the water level falls to a
predetermined low level.

16.7.2 Any proposals to depart from these require-
ments in the case of small auxiliary boilers will be the
subject of special consideration.

1 6.7.3 For 'UMS' notation, see Pt 6, Ch 1.

reania*Q
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16.8 Feed check valves and water level

16.8.1 Two feed check valves, connected to se
feed lines, are to be provided for each boiler and are t!

attached, wherever practicable, direct to the boiler*011''
an economizer which forms an integral part of the 6°''"

16.8.2 Where the arrangements necessitate the u
a common inlet pipe on the economizer for both rn°!

and auxiliary feed systems, this pipe is to be as shon í
practicable, and the arrangements of checK. valves ¡s

a!'
be such that either feed line can be effectively isolat''
without interruption of the feed water supply t0 t?

:.
boiler. ;

16.8.3 At least one of the feed water systems is to k
fitted with an approved feed water regulator whereh ¡
the water level in the boilers i^ controlled automatically!
See Ch 14,6 for arrangements and details of boiler fee-
systems.

i
16.8.4 The feed check valves are to be fitted with
efficient gearing, whereby they can be satisfactorily
worked from the stokehold floor, or other convenien
position.

16.8.5 Standpipes on boilers, for feed inlets, are tot
designed with an internal pipe to prevent direct contai
between the feed pipe and the boiler shell or end plate
with the object of minimizing thermal stresses in thes-
plates. Similar arrangements are to be provided fc
desuperheater and other connections where significan
temperature differences occur in service.

SECTION 17

Hydraulic tests

17.1 General

17.1.1 Boilers and pressure vessels, together with
their components, are to withstand the following
hydraulic tests without any sign of weakness or defect.

17.1.2 Having regard to the variation in the types and
design of boilers, the hydraulic test may be carried out
by either of the methods indicated below:

(a) boilers are to be tested on completion to a pressuri
1,5 times the approved design pressure, or

(b) where construction permits, all components of tin
boiler are to be tested on completion of the wp'|
including heat treatment to 1,5 times the desis
pressure. In the case of components such as drurr-
or headers, which are to be drilled for tube holes, tk
test may be made before drilling the tube holes, ̂
is to be after the attachment of stancoipes, sW
and similar fittings and also after heat treatment^
been carried out. Where all the components nĵ
been tested as above, each completed boiler 3
assembly is to be tested to 1,25 times the des1,1

pressure.

17.2 Mountings
17.2.1 All boiler mountings are to be subjected'^
hydraulic test of twice the approved design Pres.f;
with the exception of feed check valves and
mountings connected to the main feed system v> .
are to be tested to 2,5 times the approved boilefd ;,
pressure, or twice the maximum pressure which c
developed in the feed line in normal service, wh|C

is greater.
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