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National foreword

This British Standard is the official English language version of
EN 12953-3:2002. It partially supersedes IBS 2790:1999 which will be
withdrawn on publication of BS EN 12953 Parts 1, 2, 3, 4, 5, 6, 8 and 9.

When the reference to this European Standard has been published in the
Official Journal of the European Communities (OdJ), compliance with it will
confer a presumption of conformity with the essential requirements covered by
the standard in respect of the Pressure Equipment Directive.

The UK participation in its preparation was entrusted to Technical Committee
PVE/16, Shell boilers, which has the responsibility to:

— aid enquirers to understand the text;

—  present to the responsible international/European committee any
enquiries on the interpretation, or proposals for change, and keep the
UK interests informed,;

— monitor related international and European developments and
promulgate them in the UK.

A list of organizations represented on this committee can be obtained on
request to its secretary.

Cross-references

The British Standards which implement international or European
publications referred to in this document may be found in the BSI Catalogue
under the section entitled “International Standards Correspondence Index”, or
by using the “Search” facility of the BSI Electronic Catalogue or of British
Standards Online.

This publication does not purport to include all the necessary provisions of a
contract. Users of this publication are responsible for their correct application.

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

This document (EN 12953-3:2002) has been prepared by Technical Committee CEN/TC 269 "Shell and water-tube
boilers", the secretariat of which is held by DIN.

This European Standard has been prepared under a mandate given to CEN by the European Commission and the
European Free Trade Association, and supports essential requirements of EU Directive(s).

For relationship with EU Directive(s), see informative Annex ZA, which is an integral part of this standard.

This European Standard shall be given the status of a national standard, either by publication of an identical text or
by endorsement, at the latest by November 2002, and conflicting national standards shall be withdrawn at the latest
by November 2002.

This European Standard EN 12953 concerning shell boilers consists of the following Parts:

— Part1: General.

— Part2: Materials for pressure parts of boilers and accessories.

— Part3: Design and calculation for pressure parts.

— Part4: Workmanship and construction of pressure parts of the boiler.

— Part5: Inspection during construction, documentation and marking of pressure parts of the boiler.
— Part6: Requirements for equipment for the boiler.

— Part7: Requirements for firing systems for liquid and gaseous fuels for the boiler.
— Part8: Requirements for safeguards against excessive pressure.

— Part9: Requirements for limiting devices, and of the boiler and accessories.

— Part 10: Requirements for boiler feedwater and boiler water quality.

— Part 11: Acceptance tests.

— Part 12: Requirements for firing systems for solid fuels for the boiler.

— Part 13: Operational Instructions.

R 12953-14 Guidelines for the involvement of an inspection body independent of the manufacturer.

Although these Parts can be obtained separately, it should be recognized that the Parts are inter-dependent. As such,
the design and manufacture of shell boilers requires the application of more than one Part in order for the require-
ments of the standard to be satisfactorily fulfilled.

The Annex A of this European Standard is informative.
The Annex B of this European Standard is normative.

According to the CEN/CENELEC Internal Regulations, the national standards organizations of the following coun-
tries are bound to implement this European Standard: Austria, Belgium, Czech Republic, Denmark, Finland,
France, Germany, Greece, Iceland, Ireland, Italy, Luxembourg, Malta, Netherlands, Norway, Portugal, Spain, Swe-
den, Switzerland and the United Kingdom.
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1 Scope

This Part of this European Standard specifies requirements for the design and calculation of pressure parts of shell
boilers as defined in EN 12953

2 Normative references
This European Standard incorporates by dated or undated reference, provisions from other publications. These
normative references are cited at the appropriate places in the text and the publications are listed hereafter. For dated
references, subsequent amendments to or revisions of any of these publications apply to this European Standard only
when incorporated in it by amendment or revision. For undated references the latest edition of the publication referred
to applies (including amendments).
EN 12953-1:2001, Shell boilers — Part 1: General.

N 12953-3, Shell boilers — Part 2: Materials for pressure parts of boilers and accessories.

N 12953-4, Shell boilers — Part 4: Workmanship and construction of pressure parts of the boiler.

EN 12953-5:2009, Shell boilers — Part 5: Inspection during construction, documentation and marking of pressure
parts of the boiler.

N 12953-8, Shell boilers — Part 8: Requirements for safeguards against excessive pressure.
prEN 12953-10, Shell boilers — Part 10: Requirements for boiler feedwater and boiler water quality.

N 13445-3, Unfired pressure vessels - Part 3: Design.

3 Terms and definitions

For the purposes of this European Standard the terms and definitions given in EN 12953-1[ apply.

4 Symbols and abbreviations

For the purposes of this Part of this European Standard, the symbols given in EN 12953-1:2009, Table 4-1 shall
apply. Throughout this standard, additional terminology and symbols have been included where necessary to meet
the requirements of the specific text concerned. It should also be noted that in some clauses the same additional
symbol is used in different formulae to represent different terms. However, in all such cases, the special meaning of
each symbol is indicated for each formula.

5 General

5.1 Boillers

The requirements in this standard shall apply to boilers constructed throughout under the conditions specified herein
and which are to be operated under normal operating conditions, with feedwater and boiler water in accordance with
prEN 12953-10, and under adequate supervision. Where the risk of abnormal working conditions is foreseen, such as
severe cyclic service, the design shall be given special consideration.

5.2 Hot-water generators

For directly fired hot-water generators the difference between the outlet temperature and the inle perature should
not exceed 50 K. If the difference between these two temperatures is greater than 50 K, eithehﬂﬁu Bn&da
mixing devices shall be used to limit the differential temperature within the boiler to 50 K. Document Sharing Hub
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The difference between the saturation temperature corresponding to the maximum working pressure, and the outlet
temperature, should not exceed 80 K. If the difference is greater than 80 K, the distances in accordance with 10.1
shall be increased by 50 %. Furthermore the maximum heat input in accordance with Figure 5.4-1 shall be reduced by
20 %.

The inlet water entering the boiler shall not impinge directly on the furnace tube.

5.3 Design of principal welds

The types of weld employed in the design of the boiler shall be in accordance with EN 12953-4. Welds which are
subjected to non-destructive examination (NDE) in accordance with the requirements of EN 12953-5 shall be
designed so that the required NDE can be carried out.

The value of the weld factor v used in the calculation for the shell thickness shall be either 0,85 or 1 depending on the

extent of NDE to be carried out (see 7.2 and EN 12953-5).

5.4 Thermal design of furnaces tubes

In order to ensure safe burner/boiler combinations, the heat input for a given furnace tube inside diameter shall not
exceed the value given in Figure 5.4-1. Burners with a fixed firing rate (also called on/off or single stage burners) shall
not be used for heat inputs exceeding 1 MW per furnace tube. Combustion shall be completed in the furnace tube.

NOTE Examples 1 and 2 show how Figure 5.4-1 is used.
EXAMPLE 1 Furnace tube inside diameter required for a given heat input

Oil flow: 0,1 kg/s

Net calorific value: 42,9 MJ/kg

Air flow (with air excess 15 %): 1,76 kg/s
Air temperature (with air preheater): 120 °C
Heat input: 4 290 + 214 = 4 504 kW
Furnace tube steel: P295 GH

a) Minimum plain furnace tube inside diameter: 810 mm
b)  Minimum Fox 150 x 50 (Table 13.1-1) corrugated furnace tube inside diameter: 760 mm.

EXAMPLE 2:
Allowable heat input for a given furnace tube inside diameter

a) Plain furnace tube inside diameter: 1 500 mm

e P295 GH, ail firing: 12,90 MW
e P295 GH, gas firing: 16,77 MW
e P265 GH, ail firing: 8,00 MW
e P265 GH, gas firing: 10,40 MW

b) Fox 150 x 50 (Table 13.1-1) corrugated furnace tube inside diameter 1 000 mm
e P265 GH, gas firing: 7,02 MW.

The length of the refractory should not be larger than one third of the inside furnace tube diameter measured from
the end of the burner.

NOTE  Attention is drawn to national regulations that for boilers with an inside furnace tube diameter greater than 1 400 mm
or a heat input greater than 12 MW a temperature measurement consisting of at least three measurement points in the furnace
can be required.
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a8  Minimum furnace tube inside diameter [mm]
b Heat input [MW]

NOTE 1 For corrugated furnaces tubes the minimum inside diameter d; can be reduced by the depth of the corrugation.
NOTE 2 In the case of gas firing the heat input given for oil firing can be increased by 30 %.

NOTE 3  Heat input is the product of the fuel flow rate and the lower calorific value. Air preheating should be taken into ac-
count if the air temperature is greater than 100 °C.

Figure 5.4.1 — Relation between heat input and furnace tube inside diameter

5.5 Dimensions of pressure parts

The wall thickness and other dimensions of pressure parts shall be sufficient to withstand the calculation pressure at
calculation temperature and shall be determined in accordance with this Part.

5.6 Establishment of pressures

5.6.1 Maximum allowable pressure
The maximum allowable pressure PS is the maximum pressure for which the boiler is designed and shall be
measured at the highest point of the shell boiler. Documents
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5.6.2 Calculation pressure

The calculation pressure shall be not less than the sum of the maximum allowable pressure and the hydrostatic head.
If the latter is less than 3 % of the maximum allowable pressure, the effect of hydrostatic head shall be ignored.

5.6.3 Safety valves set pressure
The safety valve(s) set pressure shall not exceed the maximum allowable pressure (see also EN 12953-8).

5.6.4 Hydrostatic test pressure

The standard hydrostatic test pressure shall be not less than that obtained from the following:

Rp0,2 20

p, =125 p, (5.6-1)

p0,2 tc

or
py =143 py (5.6-2)
which ever is the higher;
where
Ry220 is the minimum value of the yield point at 20 °C.
The value of R0 shall be taken for the boiler shell or ends at their calculation temperatures.

In the case of boilers with expanded tubes, the values of p, = 1,43 p, may be taken.
5.7 Allowances

5.7.1 Allowances for fabrication tolerances

The allowance ¢y is to compensate for negative tolerances, and also any reduction in thickness as a result of the
forming process.

5.7.2 Corrosion allowance

For the purpose of design, corrosion allowance ¢, shall also include for erosion and abrasion if these effects are
expected to occur.

For components with wall thickness:
> 30 mm and for all flat components, a corrosion allowance of 0 mm may be used;
<30 mm a minimum corrosion allowance of 0,75 mm shall be taken.

In the case of severe corrosion conditions an increased c, value shall be chosen accordingly.
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6 Calculation temperature and nominal design stress

6.1 Calculation temperature

The calculation temperature . shall be the mean metal temperature and shall be determined as specified in a) to e).

a) For shells, drums and other components not subject to heat transfer, the calculation temperature shall be not
less than the saturation temperature corresponding to the maximum allowable pressure or the maximum al-

lowable temperature.

b) For smoke tubes, the calculation temperature shall be determined in accordance with the following equations:

=1+ 2e (6.1-1)
or
t,=t,+25 (6.1-2)

whichever is the greater.

c) The calculation temperature for areas of plate subject to heat transfer but not swept by flame, or for tube nest
areas where the gas entry temperature is not greater than 800 °C, shall be determined in accordance with the
following equations:

t. =1, + 2e, (6.1-3)
or
t.=t,+50 (6.1-4)

whichever is the greater.
The calculation temperature for flat walls in the flue gas pass with a flue gas temperature 1; < 400 °C shall be:
t.=1t,+20 (6.1-5)

d) For tube plates subject to gas entry temperatures exceeding 800 °C in fired boilers using fossil fuels, including
natural gas, the calculation temperature shall be determined in accordance with Annex A, using the true gas
entry temperature ¢ determined from the following equation:

0,25
i =51 (%] (6.1-6)

For fuels where the true gas entry temperature is higher than that obtained with natural gas, and for waste-
heat boilers, the calculation temperature shall be determined in accordance with Annex A.

The maximum metal temperature as determined in accordance with Annex A shall not exceed 420 °C.

The condition for the calculation in accordance with Annex A is good contact between smoke tubes and tube
sheet. Where this cannot be ensured, the method of attachment shown in Figure 12.4-1f) may be employed
with the following limitations:

1) The depth of the connecting weld between smoke tubes and tube sheet shall be greater than or equal to
the wall thickness of the smoke tube plus 2 mm;

2) The length of the gap, measured from the root of the weld, shall be less than or equal to four times the
wall thickness of the smoke tube. If this dimension is exceeded, a cooling groove shall be provided.
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If the above requirements are adhered to, the calculated temperature shall be determined in accordance with
equation (6.1-4).

For LPB, the calculation temperature for flat walls subject to a flue gas temperature > 800 °C shall be given by
equation (6.1-4).

e) The calculation temperature for furnaces tubes shall be determined by the following equations:
1) Inthe case of furnaces tubes subjected to the flame and a heat input < 12 MW
te=t,+4e+15 (6.1-7)
2) Inthe case of furnaces tubes subjected to flame and a heat input > 12 MW
for ail firing
t. =t,+ 3,5¢ + 80 (6.1-8)
for gas firing
t.=t,+ 3e + 65 (6.1-9)

NOTE  Equations (6.1-8) and (6.1-9) are based on a maximum heat flux of 0,3 W/mm? for oil firing and 0,24 W/mm? for
gas firing, taking into account an allowance of 0,25 mm for the thickness of scale with a conductivity of 1,2 W/m K.

Where it can be shown that the heat flux is lower, e.g. low NOXx firing, the calculations can be adjusted accordingly, but the
value of ¢, should be not less than that given by equation (6.1-7).

3) In the case of furnace tubes without flame the calculation temperature ¢, shall taken as being equal to the
highest of the two values given by the following equations:

t.=1t,+25 (6.1-10)
t.=1t,+ 2e (6.1-11)
6.2 Nominal design stress

Unless otherwise stated in this Part of this European Standard, the nominal design stress f shall be the lower of the
values obtained from the following ratios:

R R
£ =min {2222t m (6.1-12)
15 24
NOTE The term "nominal design stress", designated by the symbol f, is the stress to be used in the equations herein for

the design of pressure parts. The detailed design rules in this Part will maintain the actual maximum stresses within acceptable
limits for the type of loading considered.

7 Cylindrical shells under internal pressure
7.1 Shell thickness

7.1.1 Requirements
The shell thickness after deduction of allowances
€y = €5-C1C2 (71 _1 )

of cylindrical shell shall be at least the greatest of those required by the following:
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a) a minimum of 6 mm for cylindrical shells of outside diameter > 1 000 mm except LPB. For outside diameter
<1000 mm and LPB a minimum of 4 mm shall be required;
b) the requirements of 7.2;

c) the requirements of 7.2 by applying 8.2 or 8.3.3 and 8.3.4.
7.1.2 Required wall thickness including allowances
The required wall thickness including allowances shall be derived from:
€5 = €5+ C1 + C2 (7.1-2)
7.2 Basic calculation

The required wall thickness without allowances e of a cylindrical shell shall be determined by either of the following
equations

Pc dis
e, =—Leis (7.2-1)
* (2 fs —pC)V

if dis is given or

€cs = Pe dos (7.2-2)
(2fS —pc)v+2pC

if dys is given.

The equivalent value of the stress in the shell can be calculated by modifying equations (7.2-1) or (7.2-2).

7.3 Boiler support

Experience has shown that it shall not be necessary to carry out strength calculations in regard to boiler supports as
fatigue is not normally encountered in this area.

7.4 Reinforcing pads

Reinforcing pads may be used for the reinforcement of openings and branches and for the distribution of load at
supports and attachments. Such reinforcing pads shall be designed analogous to the requirements of 8.1.5.1.

8 Openings and branches in cylindrical shells

NOTE This clause specifies the design rules for openings and branches in cylindrical shells. All dimensions exclude allow-
ances c1 and cz for wall thickness.

8.1 General

8.1.1 Requirements for the efficiency of the main body with openings and branches
8.1.1.1 For cylindrical shells with openings the efficiency of the main body shall be satisfied by the following:

a) by increasing the wall thickness of the main body compared with that of the cylindrical shell without openings.
This wall thickness shall be available at least up to the length /, measured from the edge of the opening (see
Figure 8.1-1; and for [, see 8.1.2). Where there is a branch, the cylindrical length of the main body up to any
adjacent butt weld in it shall be [, < e, (see Figures 8.1-2 and 8.1-3).
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b) by branches, measured on a length /,; from the outside surface of the main body wall, which have been pro-
vided with a wall thickness in excess of that required on account of the internal pressure, without or in connec-
tion with an increase in main body wall thickness (see Figures 8.1-2 and -3). The welded joint between the
main body and branch shall be a full-strength weld where in the case of branches in accordance with Fig-
ure 8.1-3 a residual gap < 1,5 mm may be present. A wall thickness ratio of e/e,, up to and including 2 shall be
permitted for d;, > 50 mm. This shall also apply to branches with d;, >50 mm insofar as the diameter ratio
dy/di < 0,2. For branches with d;, > 50 mm and a diameter ratio d;/d;; > 0,2, e/e,, shall not exceed unity. These
conditions do not apply to access and inspection openings.

Expanded or set-in and seal-welded-only branches (see Figure 8.1-1) or branches attached to the main body by
fillet welds with a residual root gap > 1,5 mm shall not be regarded as contributing to the reinforcement.

The cylindrical length of branches up to the butt weld between tube and branch shall be /,>e, (see
Figures 8.1-2 and 8.1-3).

For branches with d,/d;, > 0,7 reference shall be made to 8.3.3.4.
In general, special emphasis shall be placed on smooth wall thickness transitions. Wall thickness transitions shall
be made with an angle <30° (see Figure 8.1-2). The reinforcement of openings by inside reinforcing plates or

pads shall not be permitted.

c) reinforcement by reinforcing pads analogous to increasing the wall thickness as in a) (see Figures 8.1-4 to
8.1-5).

8.1.1.2 Where there are elliptical access and inspection openings it shall be assumed that the ratio of major to
minor axis does not exceed 1,5. For elliptical or obround openings in cylindrical shells the dimension extending in
the direction of the shell axis shall be taken as the diameter for design purposes. (For oblique nozzles, see 8.3.3.3).

The calculation procedure assumes that the transitions shall show a notch-free surface!). Edges shall be rounded.
Openings shall be located at an adequate distance from the longitudinal and circumferential welds of the main body.
The distance shall be considered adequate if the outer edge of a branch or welded-on reinforcement, on a main body

with a thickness e, < 25 mm is at a distance of 2 ¢,, and on a main with a body thickness e, > 25 mm the distance is at
least 50 mm from the weld edge.

8.1.2 Effective lengths [, for calculation of efficiencies and of compensations

For the calculation of efficiencies by way of approximation as described in 8.2 and the calculation of isolated and
adjacent branches described in 8.3, effective lengths /s are required which shall be used for the main body.

[, =min L/(dl.s +e. e, ;lﬂJ (8.1-1)

for I;; see Figures 8.1-1 to -3.
and for the nozzle with ¥> 45°

for external projection
l, :minl d, +e,e, ;lle (8.1-2)

for internal projection

[, =min l0,5 d, +e,le,;l,, (8.1-3)
Documents
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Figure 8.1.1 — Reinforcement by increasing the wall thickness of the main body with opening
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Figure 8.1.2 — Reinforcement by set-through and full penetration welded branch
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Figure 8.1.3 — Reinforcement by welded-on branch
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Figure 8.1.5 — Opening with reinforcing pad and full penetration branch
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8.1.3 Condition of isolated openings

Adjacent openings shall be treated as isolated openings if, for the centre distance Py in accordance with to
Figure 8.3-3, the following condition is satisfied.

. d.
( ;ﬂ + erb1j ( 1;2 + erb2j
Py > + + 2,/idis + ey ) e (8.1-4)

For openings without a branch, e, = 0 and ¥= 0°(for ¥ see Figure 8.3-1).
8.1.4 Requirements for design of branches

8.1.4.1  Main body with lower design stress than the branches
If the main body, the branch and the additional reinforcement consists of materials with different design stresses and

the material of the main body has the lowest design stress value f;, this value shall be used for all materials to
calculate the reinforcement of the branch.

8.1.4.2 Branches or reinforcing pads with lower design stress than the main body
If the material used for the branch or the reinforcing pad has a lower design stress f; or f, respectively than the main

body design stress f;, this design stress f, or £, shall be taken into account when using the equations provided for this
case.

8.1.4.3 Special case

The nozzle inside diameter d;, shall be used in the calculation even if the hole diameter d in the main body is less than
dlb'

8.1.5 Requirements for design of reinforcing pads

8.1.5.1  General

Reinforcing pads shall be designed in accordance with 8.1.1.1.

Where reinforcing pads are fitted (see Figures 8.1-4 and 8.1-5) they shall have close contact with the main body and
shall be provided with tell-tale holes to avoid the trapping of gases, unless experience has shown that it is not

necessary.

Reinforcing pads shall not be used where there is a possibility of severe corrosion or oxidation or of large temperature
gradients across the thickness of the shell. Reinforcing pads shall not be permitted on the inside of the vessel.

8.1.5.2 Pressure considerations

When reinforcing pads are used for the reinforcement of penetrations or openings, the following conditions shall be
observed.

a) the ratio dy/d;, of the branch diameter to the cylinder diameter shall be not greater than 1/4 unless the
adequacy of the design is demonstrated by experience or by a hydrostatic proof test.

b) the sizes L; of the inner fillet welds by which reinforcing pads are attached to shell plates (see Figure 8.1-6)
shall comply with the following relationship:

L;207 e (8.1-5)

Documents

Document Sharing Hub

15

Full document details: BS EN 12953-3:2002


http://www.avadocuments.com/doc/bs-en-12953-3-2002
http://www.avadocuments.com/doc/bs-en-12953-3-2002

EN 12953-3:2002 (E)

The sizes L, of the outer peripheral fillet welds by which reinforcing pads (see Figure 8.1-6) are attached to
shell plates shall be determined from the following equation, but shall in no case be less than the size of the
inner fillet weld:

dip (2 €rs — Li)

d

L, = max
op

;g} (8.1-6)

For elliptical reinforcing pads

d®=%;% (8.1-7)
dipzai;bi (8.1-8)

c) for calculation purposes the thickness of the reinforcing pad shall be not taken greater than the thickness of the
shell.
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Dimensions in millimetres

@y
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3
Lo 1
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Key
1 Tell-tale hole
@&  QOpening in shell
a)
3y
Lo (bdip
=3
1
/
cuE =
&

Key
1 Tell-tale hole
a is 30° to 45°

b)

Figure 8.1.6 — Welding of reinforcing pads

8.2 Efficiency factor, calculation by way of approximation and maximum diameter of an unrein-
forced opening

8.2.1 General

Exact solutions shall be given by the equations in 8.3.3 and 8.3.4. Application of the equations in 8.2.3 and 8.2.4,
except equation (8.2-3), may be conservative as any reinforcement from the branch is not taken into account.
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8.2.2 Allowable efficiency and maximum diameter of an unreinforced opening

Rearranging equation (7.2-1) the allowable efficiency v, shall be calculated for the available wall thickness e, of a
main body as follows:

y =P d, (8.2-1)

Y 2f-p)e,

For this efficiency coefficient the greatest outside diameter d,;, of an isolated branch shall be obtained when its wall
thickness can only withstand the internal pressure

I
dop max =2 (Vr—s - lrsJ (8.2-2)

a

In this case the available average stress f, shall be equal to the allowable stress f; of the main body.

8.2.3 Isolated openings

The equations in this clause shall apply to single openings, or if there is more than one opening, only if equation
(8.1-4) is satisfied. In the case of more than one opening where equation (8.1-4) is not satisfied, reference shall be
made to 8.2.3.

However, isolated unreinforced openings with diameter d in cylindrical shells shall be permitted if they comply with the
following equation:

d<0,14 lrs (8.2-3)
and

e <01d (8.2-4)

s —
where [, shall be calculated in accordance with 8.1.2.

This shall also be valid for counter borings and for partial penetration holes even if the equations (8.2-6) or (8.2-9) or
the more exact calculations in accordance with 8.3.3 recommend a smaller diameter d as given in equation (8.2-3).

Where a tube with an outside diameter d,,, is attached to an opening, as shown in Figure 8.2-1, and the tube is capa-
ble of withstanding the internal calculation pressure on account of its wall thickness e,,, the efficiency factor v, of this
opening in the main body shall be calculated by

yp =2l (8.2-5)

(2 lrs + dob)

Figure 8.2-1 — Tube attached to main body
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If the diameter d;, and the wall thickness e, of the main body have been determined, an isolated hole for a tube with a
maximum outside diameter

d,, <2l [ZL (L - lJ - 1} (8.2-6)
dis pc 2

shall be permitted.

8.2.4 Adjacent openings

Where the condition for the centre distance P, of adjacent openings given in 8.1.3 is not met, and tubes with an out-
side diameter d,;, are connected to the opening, with the tubes only able to withstand the internal pressure on account
of their wall thickness e, the efficiency factor of adjacent openings shall be derived as follows:

2(p

ML o) (8.2-7)
1+ cos” @ )Py,

i.e. for longitudinal pitch P, with @ = 0:

:P(I)_dob

8.2-8

m P (8.2-8)
Where the outside diameters of adjacent openings differ from each other, the following shall apply

g = Qobt + dop2 (8.2-9)

ob >

Instead of the calculation by approximation used in this clause, 8.3.4 may be used.
8.3 Design of openings and branches in cylindrical shells (efficiency and reinforcement)

8.3.1 Symbols and abbreviations

In addition to the symbols given in EN 12953-1:2004, Table 4-1, those shown in Figures 8.3-1 to 8.3-4 shall be used.

8.3.2 Requirements for application

8.3.2.1  Openings

The rules specified in 8.3.3 to 8.3.4 shall apply to circular, elliptical and obround openings and nozzles (including
oblique nozzles) arranged singly or in groups, in cylindrical shells, provided that the following conditions are satisfied:
a) Openings and nozzles non radial to the shell (Figure 8.3-2)

The ratio of the major to minor axes of the opening shall not exceed 2;

b) Oblique nozzles (Figure 8.3-1)

The nozzle is of circular cross section and the angle between the axis of the nozzle and a line normal to the
shell surface shall not exceed 45°;

c) Allnozzles
No significant external forces and moments shall be applied to the nozzle. If this is not the case, EN 13445-3
shall be used to calculate the resulting stresses.
The nozzle inside diameter d, shall be used in the calculation even if the hole diameter d in the main body is
less than d,.
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Nozzle connections with a residual gap greater than 1,5 mm or set-through and seal-welded-only branches, shall be
considered openings without branches. The pressurized area in the tube hole shall be considered except for the case
of set-through tubes with an inside seal weld.

8.3.2.2 Minimum thickness of nozzles and branch connections

The thickness of nozzles and branches shall be in accordance with 8.1.1.1b), but the thickness shall be not less than
that given by the following equation:

eq, = 0015 d,y, +32 (8.3-1)

NEQ:: | /A“

areal areall

Figure 8.3-1 — Load diagram for cylindrical shell with oblique branch and reinforcing pad
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Figure 8.3-2 — Load diagram for cylindrical shell with non-radial branch
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a) section view X — X

b) plan view

a8  Circumferential direction
b Longitudinal direction

€rb1

¢dol:uZ

<Z)dihZ

{eb1

Figure 8.3-3 — Load diagram for cylindrical shell with adjacent branches,

arranged with an angle @ to the axis of the shell
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with
A <45°
7] <45°

Figure 8.3-4 — Load diagram for cylindrical shell with non-radial adjacent branches,
arranged on the circumference

8.3.3 Design of isolated openings and branch connections

8.3.3.1 General

The shell thickness e, and the thickness of a branch connection e,;, shall be not less than that calculated for v =1 in
accordance with 7.2.

8.3.3.2 Isolated opening with a radial branch

8.3.3.2.1  For isolated openings fitted with a radial branch without additional reinforcement 8.3.3.4 and 8.3.3.5
(with w4 = 0) shall be additionally taken into account.

8.3.3.2.2 If the design stress of the branch is equal to or greater than that for the main body the following
strength condition shall apply:

foomin|p[—2 1] (8.3-2)
a Pe A+ Ay 2)7° '
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The efficiency 2 shall be:

— di (Afs + Afb) <1 (8.3-3)
2 e Ay

8.3.3.2.3 If the design stress of the branch is less than that of the main body, the following strength condition
shall apply:

P _ pe (2Ap+ Ay + Ap)
=

2 (Afs + ];b Afbj

S

<, (8.3-4)

In this case the efficiency? shall be:

f
dig (Afs + 7b Agp
<1

Vp = s
€rs [2 Ap + Afb —];bAfb]

N

(8.3-5)

8.3.3.3 Isolated opening with an oblique branch and additional reinforcing pad

8.3.3.3.1  For isolated openings fitted with an oblique branch and additional reinforcing pad in accordance with
Figure 8.3-1, the requirements for design of reinforcing pads in 8.1.5 shall be additionally taken into consideration.

8.3.3.3.2 If the design stress of the branch is equal to or greater than that for the main body, the strength condi-
tion for area I shall be:

I 1
_ A P 8.3-6
faI pC [AfSI+Abe+O,7Apr 2 fs ( )

and for area II

fau = Pe [ lt + l] < f, (8.3-7)

A + Ay + 0,7 Ap 2

8.3.3.3.3 If the design stress of the branch material or the material of the additional reinforcing pad is less than
that of the main body, the strength condition for area I shall be:

[fs—%] Afsl+[fb—%j Afb1+(fp—%j0,7 App1 2 Pe Ay (8.3-8)

and for area II.

P P P R
(fs _TJ AstI +(fb _7j AthI +(fp - > JOJ AprI ch ApII (8'3 9)

8.3.3.4  Cross-section vertical to the main body axis

For branch connections where d;/d;; > 0,7 and simultaneously e,/e, < di/d;, the following condition shall be met for
the main body/branch transition in the cross-section vertical to the main body axis:

2) The approximate calculation in accordance with 8.2 can be used instead of this calculation, in which caspt&%ﬁmats
effect of the nozzles should not be considered. Document Sharing Hub
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d. + d. +
40280 Tl D e”JSmin(fs; 7)) (8.3-10)

2 ers erb

fab :1,_5

IS

pc Ldis +ers

Where the main body and the branch connection consist of material with differing design stresses, the smaller value
shall be used in this calculation.

8.3.3.5 Cylindrical shells with a branch not radially arranged

For cylindrical shells where the branch is not arranged in the radial direction (see Figure 8.3-2), but at an angle ¥,
the higher loading can occur in the cross-section of Figure 8.3-2 or in the longitudinal section of Figure 8.3-2. In
both cases the strength condition as per equation (8.3-2) shall apply, with the areas A,, A and Ay, shown in the
respective figures to be used in the calculation. The lengths contributing to the reinforcing pad (effective lengths)
shall only be used in the calculation of the main body in accordance with equation (8.1-1) or of the branch
connection according to equation (8.1-2) or (8.1-3) respectively.

The wall thickness of the branch e, shall not exceed the main body wall thickness e,.
8.3.4 Design of adjacent openings and branch connections

8.3.4.1  General

Adjacent openings shall be calculated additionally as isolated openings.

8.3.4.2 Condition of adjacent openings and branches

The calculation shall only be made if the condition for isolated openings or branch connections laid down in 8.1.3 is
not met for adjacent openings or branches.

8.3.4.3  Main body with lower design stress than the branches

For adjacent openings or branch connections, the strength shall be calculated for a cross-section with an angle @ for
the shell generating line in accordance with Figures 8.3-3. The following strength condition shall apply:

2
®
24 IHCOST® oA,
p. ~0 P p,
fa(D =— + st (8.3-11)
2 Ao +Ap, + Ay, 2

Diagonal or circumferential pitches shall be calculated as a longitudinal pitch in accordance with Figure 8.3-3 with a
distance P,. In this case the pressure area2 A,, shall be corrected by the factor ((1 +cos’@)/2) in the strength
condition in accordance with equation (8.3-14).

The efficiency 2 shall be:

d. A +A,, +A
v o= 1 fs0 . q)fbl fb2 <1 (8.3-12)
e, + cos
2ApO T+2Apl +2Ap2

8.3.4.4 Branches with equal or lower design stress than the main body

If the design stress of one or both branches is less than that of the main body, the following condition shall apply:

1+cos’> @
p 2Ap0 %+2Apl +2Ap2 + A+ AL + A,
fad) == st (8.3-13)
2 A+ Jor A+ Jo A
o T e T e Documents
Document Sharing Hub
25

Full document details: BS EN 12953-3:2002


http://www.avadocuments.com/doc/bs-en-12953-3-2002
http://www.avadocuments.com/doc/bs-en-12953-3-2002

EN 12953-3:2002 (E)

In this case, the efficiency 2) shall be:

Ao +&Afb1 +&Afb2
— dis fs fs <
T 1+ cos® @ I 7 <1 (8.3-14)
rs ZAPOf-l-ZAp]+2Ap2+Aﬂ)1+Afb2_iAfbl_&Am

I f

8.3.4.5 Adjacent branches in the circumferential direction
For non-radial adjacent branches arranged on the circumference in accordance with Figure 8.3-4, the calculation pro-

cedure shall be analogous to radial branches. In this case the correction factor ((1 + 0032@)/2) shall be replaced by
the factor 1.

9 Ends
9.1 Unstayed dished heads without openings

9.1.1 Unstayed dished heads under internal pressure
The minimum thickness of unstayed dished heads without openings shall be in accordance with equation
e

s =€stCtepten (9.1-1)

and the following equation:

cs =% (9.1-2)

In addition, the thickness of a torispherical head shall be not less than that given by equation (9.1-1) and the
following equation:

Pe Tis
=_—rfedis 9.1-3
=37 05 o ( )

The shape factor C for unstayed dished heads without openings shall be as given in Figure 9.1-1. However, the
limiting conditions given in 9.1.2 shall apply.

9.1.2 Limiting conditions
The limiting conditions shall be for:
a) Hemispherical heads
0,005d,<e. <0,16 d,;
b) Ellipsoidal heads
0,005d,< e, <0,08d,and
h.>0,18 d,;
c) Torispherical heads

0,005 d, < e, < 0,08 d, and
r.>0,1d,and Documents
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Ik > 2 €cs and
ris < d, and

h.>20,18 d,;

0,01d,<e,<0,03d,and
Ik > 0,1 do and

h.>20,18 d,;

0,02d,<e,<0,03d,and
Ik > 0,1 do and

0,18 d, < h. < 0,22 d,.

1
&)< o
f _}Q/ —
e, /d,=0,005 \ $dy
2 ' N\ .
! \—\ ¥/ 9
e /d,=0,01 \\\ \\ = i
)\\ \\ R BN \%ﬁﬁw
15 ——e./d,=0,02 AT
‘ | \\\ \_\ ¢\/0
? e, /d,=0,04 N\ \\
C
\ \\
“ \\
0,9 A\
0,8 \\
N\
0,7
' AN
AN
0,6 N
0,5
0,1 0,15 02 025 03 0,k 0,5
he/dy——

1 Ellipsoidal head
2 Torispherical head

Figure 9.1-1 - Shape factor C for unstayed dished heads without openings

Documents

Document Sharing Hub

27

Full document details: BS EN 12953-3:2002


http://www.avadocuments.com/doc/bs-en-12953-3-2002
http://www.avadocuments.com/doc/bs-en-12953-3-2002

