
BSI Standards Publication

Water-tube boilers and auxiliary installations

Part 3: Design and calculation for pressure parts of the boiler

BS EN 12952‑3:2022

Full document details: BS EN 12952-3:2022

https://doi.org/10.3403/BSEN12952?&urlappend=%26utm_campaign=pdfdoi%26utm_source=pdfdoi%26utm_medium=pdf
http://www.avadocuments.com/doc/bs-en-12952-3-2022
http://www.avadocuments.com/doc/bs-en-12952-3-2022


National foreword

This British Standard is the UK implementation of EN 12952‑3:2022. It 
supersedes BS EN 12952‑3:2011, which is withdrawn.

The UK participation in its preparation was entrusted to Technical 
Committee PVE/2, Water Tube And Shell Boilers.

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

Contractual and legal considerations

This publication has been prepared in good faith, however no 
representation, warranty, assurance or undertaking (express or 
implied) is or will be made, and no responsibility or liability is or will be 
accepted by BSI in relation to the adequacy, accuracy, completeness or 
reasonableness of this publication. All and any such responsibility and 
liability is expressly disclaimed to the full extent permitted by the law.

This publication is provided as is, and is to be used at the 
recipient’s own risk.

The recipient is advised to consider seeking professional guidance with 
respect to its use of this publication.

This publication is not intended to constitute a contract. Users are 
responsible for its correct application.

This publication has been prepared under a mandate given to the 
European Standards Organizations by the European Commission and the 
European Free Trade Association. It is intended to support requirements 
of the EU legislation detailed in the European Foreword. A European 
Annex, usually Annex ZA or ZZ, describes how this publication relates to 
that EU legislation.

For the Great Britain market (England, Scotland and Wales), if UK 
Government has designated this publication for conformity with UKCA 
marking (or similar) legislation, it may contain an additional National 
Annex. Where such a National Annex exists, it shows the correlation 
between this publication and the relevant UK legislation. If there is no 
National Annex of this kind, the relevant Annex ZA or ZZ in the body 
of the European text will indicate the relationship to UK regulation 
applicable in Great Britain. References to EU legislation may need to be 
read in accordance with the UK designation and the applicable UK law. 
Further information on designated standards can be found at  
www.bsigroup.com/standardsandregulation.

For the Northern Ireland market, UK law will continue to implement 
relevant EU law subject to periodic confirmation. Therefore 
Annex ZA/ZZ in the European text, and references to EU legislation, are 
still valid for this market.

UK Government is responsible for legislation. For information on 
legislation and policies relating to that legislation, consult the relevant 
pages of www.gov.uk.

© The British Standards Institution 2022 
Published by BSI Standards Limited 2022

ISBN 978 0 539 16857 0

BRITISH STANDARD

Full document details: BS EN 12952-3:2022

https://doi.org/10.3403/BSEN12952?&urlappend=%26utm_campaign=pdfdoi%26utm_source=pdfdoi%26utm_medium=pdf
https://doi.org/10.3403/BSEN12952?&urlappend=%26utm_campaign=pdfdoi%26utm_source=pdfdoi%26utm_medium=pdf
http://www.avadocuments.com/doc/bs-en-12952-3-2022
http://www.avadocuments.com/doc/bs-en-12952-3-2022


ICS 23.020.01; 27.040; 27.060.30

Compliance with a British Standard cannot confer immunity from 
legal obligations.

This British Standard was published under the authority of the 
Standards Policy and Strategy Committee on 30 November 2022.

Amendments/corrigenda issued since publication

Date Text affected

BRITISH STANDARD

Full document details: BS EN 12952-3:2022

https://doi.org/10.3403/BSEN12952?&urlappend=%26utm_campaign=pdfdoi%26utm_source=pdfdoi%26utm_medium=pdf
http://www.avadocuments.com/doc/bs-en-12952-3-2022
http://www.avadocuments.com/doc/bs-en-12952-3-2022


 

 

 
EUROPEAN STANDARD 

NORME EUROPÉENNE 

EUROPÄISCHE NORM 

	
	 EN 12952-3 
  

 
 November 2022 

ICS 27.040 Supersedes EN 12952-3:2011

English Version 

 Water-tube boilers and auxiliary installations - Part 3: 
Design and calculation for pressure parts of the boiler 

 

Chaudière à tubes d'eau et installations auxiliaires - 
Partie 3 : Conception et calcul des parties sous pression 

de la chaudière 

 Wasserrohrkessel und Anlagenkomponenten - Teil 3: 
Konstruktion und Berechnung für drucktragende 

Kesselteile 

This European Standard was approved by CEN on 26 September 2022.  
 
CEN members are bound to comply with the CEN/CENELEC Internal Regulations which stipulate the conditions for giving this 
European Standard the status of a national standard without any alteration. Up-to-date lists and bibliographical references 
concerning such national standards may be obtained on application to the CEN-CENELEC Management Centre or to any CEN 
member. 
 
This European Standard exists in three official versions (English, French, German). A version in any other language made by 
translation under the responsibility of a CEN member into its own language and notified to the CEN-CENELEC Management 
Centre has the same status as the official versions. 
 
CEN members are the national standards bodies of Austria, Belgium, Bulgaria, Croatia, Cyprus, Czech Republic, Denmark, Estonia, 
Finland, France, Germany, Greece, Hungary, Iceland, Ireland, Italy, Latvia, Lithuania, Luxembourg, Malta, Netherlands, Norway, 
Poland, Portugal, Republic of North Macedonia, Romania, Serbia, Slovakia, Slovenia, Spain, Sweden, Switzerland, Türkiye and 
United Kingdom. 
 
 
 

 
EUROPEAN COMMITTEE FOR STANDARDIZATION  
C O M I T É  E U R O P É E N  D E  N O R M A L I S A T I O N  
E U R O P Ä I S C H E S  K O M I T E E  F Ü R  N O R M U N G  
 

 

CEN-CENELEC Management Centre:  Rue de la Science 23,  B-1040 Brussels 

© 2022 CEN All rights of exploitation in any form and by any means reserved 
worldwide for CEN national Members. 

Ref. No. EN 12952-3:2022 E

Full document details: BS EN 12952-3:2022

http://www.avadocuments.com/doc/bs-en-12952-3-2022
http://www.avadocuments.com/doc/bs-en-12952-3-2022


 

 

 
EUROPEAN STANDARD 

NORME EUROPÉENNE 

EUROPÄISCHE NORM 

	
	 EN 12952-3 
  

 
 November 2022 

ICS 27.040 Supersedes EN 12952-3:2011

English Version 

 Water-tube boilers and auxiliary installations - Part 3: 
Design and calculation for pressure parts of the boiler 

 

Chaudière à tubes d'eau et installations auxiliaires - 
Partie 3 : Conception et calcul des parties sous pression 

de la chaudière 

 Wasserrohrkessel und Anlagenkomponenten - Teil 3: 
Konstruktion und Berechnung für drucktragende 

Kesselteile 

This European Standard was approved by CEN on 26 September 2022.  
 
CEN members are bound to comply with the CEN/CENELEC Internal Regulations which stipulate the conditions for giving this 
European Standard the status of a national standard without any alteration. Up-to-date lists and bibliographical references 
concerning such national standards may be obtained on application to the CEN-CENELEC Management Centre or to any CEN 
member. 
 
This European Standard exists in three official versions (English, French, German). A version in any other language made by 
translation under the responsibility of a CEN member into its own language and notified to the CEN-CENELEC Management 
Centre has the same status as the official versions. 
 
CEN members are the national standards bodies of Austria, Belgium, Bulgaria, Croatia, Cyprus, Czech Republic, Denmark, Estonia, 
Finland, France, Germany, Greece, Hungary, Iceland, Ireland, Italy, Latvia, Lithuania, Luxembourg, Malta, Netherlands, Norway, 
Poland, Portugal, Republic of North Macedonia, Romania, Serbia, Slovakia, Slovenia, Spain, Sweden, Switzerland, Türkiye and 
United Kingdom. 
 
 
 

 
EUROPEAN COMMITTEE FOR STANDARDIZATION  
C O M I T É  E U R O P É E N  D E  N O R M A L I S A T I O N  
E U R O P Ä I S C H E S  K O M I T E E  F Ü R  N O R M U N G  
 

 

CEN-CENELEC Management Centre:  Rue de la Science 23,  B-1040 Brussels 

© 2022 CEN All rights of exploitation in any form and by any means reserved 
worldwide for CEN national Members. 

Ref. No. EN 12952-3:2022 E

Full document details: BS EN 12952-3:2022

https://doi.org/10.3403/30184304U?&urlappend=%26utm_campaign=pdfdoi%26utm_source=pdfdoi%26utm_medium=pdf
https://doi.org/10.3403/BSEN12952?&urlappend=%26utm_campaign=pdfdoi%26utm_source=pdfdoi%26utm_medium=pdf
https://doi.org/10.3403/30184304?&urlappend=%26utm_campaign=pdfdoi%26utm_source=pdfdoi%26utm_medium=pdf
http://www.avadocuments.com/doc/bs-en-12952-3-2022
http://www.avadocuments.com/doc/bs-en-12952-3-2022


EN 12952-3:2022 (E) 

2 

Contents Page 

 

European foreword ............................................................................................................................................ 8 

1 Scope ........................................................................................................................................................ 10 

2 Normative references ........................................................................................................................ 10 

3 Terms and definitions ....................................................................................................................... 11 

4 Symbols and abbreviations ............................................................................................................. 11 

5 General.................................................................................................................................................... 11 
5.1 Purpose ................................................................................................................................................... 11 
5.2 Dimensions of pressure parts ........................................................................................................ 11 
5.3 Strength of pressure parts ............................................................................................................... 12 
5.4 Design by analysis .............................................................................................................................. 12 
5.5 Cyclic loading ........................................................................................................................................ 12 
5.6 Other design requirements ............................................................................................................. 13 
5.6.1 General.................................................................................................................................................... 13 
5.6.2 Access ...................................................................................................................................................... 14 
5.6.3 Drainage and venting ........................................................................................................................ 14 
5.7 Design, calculation and test pressures ........................................................................................ 14 
5.7.1 Design pressure ................................................................................................................................... 14 
5.7.2 Calculation pressure .......................................................................................................................... 14 
5.7.3 Calculation pressure for pressure differences ......................................................................... 15 
5.7.4 Hydrostatic test ................................................................................................................................... 15 
5.8 Metal wastage ....................................................................................................................................... 16 
5.8.1 Internal wastage .................................................................................................................................. 16 
5.8.2 External wastage ................................................................................................................................. 16 
5.8.3 Requirements ....................................................................................................................................... 16 
5.8.4 Stress corrosion ................................................................................................................................... 16 
5.8.5 Mechanical requirements ................................................................................................................ 17 
5.9 Attachment on pressure parts ....................................................................................................... 17 
5.9.1 Load carrying attachments .............................................................................................................. 17 
5.9.2 Non load carrying attachments ...................................................................................................... 17 

6 Calculation temperature and nominal design stress ............................................................. 17 
6.1 Calculation temperature .................................................................................................................. 17 
6.1.1 General.................................................................................................................................................... 17 
6.1.2 Circulation boilers .............................................................................................................................. 18 
6.1.3 Once-through boilers, superheaters and reheaters ............................................................... 18 
6.1.4 Hot water generators ........................................................................................................................ 18 
6.1.5 Temperature allowances for unheated components ............................................................. 18 
6.1.6 Headers ................................................................................................................................................... 19 
6.1.7 Unheated components ...................................................................................................................... 19 
6.1.8 Components protected against radiation .................................................................................. 19 
6.1.9 Components heated by convection ............................................................................................... 19 
6.1.10 Components heated by radiation .................................................................................................. 20 
6.2 Maximum through-the-wall temperature difference and maximum flue gas 

temperature for heated drums and headers ............................................................................ 21 

Full document details: BS EN 12952-3:2022

https://doi.org/10.3403/BSEN12952?&urlappend=%26utm_campaign=pdfdoi%26utm_source=pdfdoi%26utm_medium=pdf
http://www.avadocuments.com/doc/bs-en-12952-3-2022
http://www.avadocuments.com/doc/bs-en-12952-3-2022


EN 12952-3:2022 (E) 

3 

6.2.1 Maximum through-the-wall temperature difference ............................................................ 21 
6.2.2 Headers exposed to flue gas ........................................................................................................... 21 
6.2.3 Allowable deviations ......................................................................................................................... 22 
6.3 Design stress......................................................................................................................................... 22 
6.3.1 General ................................................................................................................................................... 22 
6.3.2 Rolled and forged steels ................................................................................................................... 23 
6.3.3 Austenitic steels .................................................................................................................................. 23 
6.3.4 Non-alloy and low-alloy cast steel ................................................................................................ 24 
6.3.5 Nodular graphite cast iron .............................................................................................................. 24 
6.3.6 Design stress for welded connections operating under creep condition ....................... 25 
6.3.7 Design stress for test pressure ...................................................................................................... 25 

7 Cylindrical shells of drums and headers under internal pressure ................................... 25 
7.1 Shell thickness ..................................................................................................................................... 25 
7.1.1 Requirements ....................................................................................................................................... 25 
7.1.2 Required wall thickness including allowances ........................................................................ 26 
7.2 Basic calculation ................................................................................................................................. 26 
7.2.1 Required wall thickness without allowances ........................................................................... 26 
7.2.2 Different thickness ............................................................................................................................. 26 
7.2.3 Fabrication tolerances ...................................................................................................................... 26 
7.3 Combined stress in drum or header shells ................................................................................ 27 
7.3.1 General ................................................................................................................................................... 27 
7.3.2 Stress from longitudinal loads ....................................................................................................... 27 
7.3.3 Longitudinal bending stress ........................................................................................................... 28 
7.3.4 Evaluation of ligament stress for inclined ligaments in drums ......................................... 29 
7.4 Boiler drum supports ........................................................................................................................ 30 
7.5 Other stresses in cylindrical shells .............................................................................................. 31 

8 Openings and branches in cylindrical shells of drums and headers and integral tubes
 ................................................................................................................................................................... 31 

8.1 General ................................................................................................................................................... 31 
8.1.1 Requirements for the ligament efficiency of the main body with openings and 

branches ................................................................................................................................................. 31 
8.1.2 Effective lengths for calculation of efficiencies of components ......................................... 36 
8.1.3 Conditions for isolated openings .................................................................................................. 37 
8.1.4 Requirements for design of branches ......................................................................................... 37 
8.1.5 Requirements for the design of reinforcing pads ................................................................... 38 
8.2 Efficiency factor, calculation by way of approximation, and maximum diameter of 

unreinforced openings ..................................................................................................................... 38 
8.2.1 General ................................................................................................................................................... 38 
8.2.2 Allowable efficiency and maximum diameter of unreinforced opening ........................ 38 
8.2.3 Isolated openings ................................................................................................................................ 39 
8.2.4 Adjacent openings .............................................................................................................................. 41 
8.3 Design of openings and branches in cylindrical shells (efficiency and reinforcement)

 ................................................................................................................................................................... 42 
8.3.1 Symbols and abbreviations ............................................................................................................. 42 
8.3.2 Requirements for application ........................................................................................................ 42 
8.3.3 Design of isolated openings and branch connections ........................................................... 47 
8.3.4 Design of adjacent openings and branch connections .......................................................... 50 
8.4 Bolted connections ............................................................................................................................. 51 
8.4.1 General ................................................................................................................................................... 51 
8.4.2 Symbols and abbreviations ............................................................................................................. 52 
8.4.3 Calculation of bolt diameter ........................................................................................................... 53 
8.4.4 Calculation of bolt load ..................................................................................................................... 54 

Full document details: BS EN 12952-3:2022

https://doi.org/10.3403/BSEN12952?&urlappend=%26utm_campaign=pdfdoi%26utm_source=pdfdoi%26utm_medium=pdf
http://www.avadocuments.com/doc/bs-en-12952-3-2022
http://www.avadocuments.com/doc/bs-en-12952-3-2022


EN 12952-3:2022 (E) 

4 

8.4.5 Calculation temperature tc .............................................................................................................. 56 
8.4.6 Design strength value K .................................................................................................................... 57 
8.4.7 Safety factor S ....................................................................................................................................... 57 
8.4.8 Quality factor q .................................................................................................................................... 57 
8.5 Screwed and socket welded connections ................................................................................... 58 
8.5.1 Screwed connections into the belt ................................................................................................ 58 
8.5.2 Screwed socket connections ........................................................................................................... 58 
8.5.3 Socket welded connections ............................................................................................................. 59 

9 Headers and plain tubes of rectangular section ...................................................................... 60 
9.1 General.................................................................................................................................................... 60 
9.2 Symbols and abbreviations ............................................................................................................. 62 
9.3 Required wall thickness ................................................................................................................... 63 
9.3.1 General.................................................................................................................................................... 63 
9.3.2 Minimum wall thickness at the centre of one side ................................................................. 64 
9.3.3 Minimum wall thickness at the corners ..................................................................................... 64 
9.3.4 Minimum thickness at a line of openings ................................................................................... 64 
9.3.5 Minimum wall thickness at staggered opening arrangement (diagonal pitch) ........... 65 
9.3.6 Minimum wall thickness at isolated openings ......................................................................... 65 

10 Ends and spherical shells ................................................................................................................. 66 
10.1 Symbols and abbreviations ............................................................................................................. 66 
10.2 Spherical shells and dished heads ................................................................................................ 66 
10.2.1 General.................................................................................................................................................... 66 
10.2.2 Calculation formula ............................................................................................................................ 68 
10.2.3 Openings in dished ends and spherical ends ............................................................................ 71 
10.3 Unstayed flat ends .............................................................................................................................. 75 
10.3.1 General.................................................................................................................................................... 75 
10.3.2 Thickness of circular unstayed flat ends .................................................................................... 78 
10.3.3 Thickness of non-circular and rectangular unstayed flat ends.......................................... 78 
10.4 Flat unstayed closures ...................................................................................................................... 81 

11 Tubes ....................................................................................................................................................... 83 
11.1 Symbols and abbreviations ............................................................................................................. 83 
11.2 Thickness of straight boiler tubes ................................................................................................ 83 
11.2.1 Required wall thickness with allowances .................................................................................. 83 
11.2.2 Required wall thickness without allowances ........................................................................... 84 
11.2.3 Minimum thickness ............................................................................................................................ 84 
11.2.4 Circumferentially butt welded tubes ........................................................................................... 85 
11.3 Thickness of tube bends and elbows ........................................................................................... 85 
11.3.1 General.................................................................................................................................................... 85 
11.3.2 Required wall thickness with allowances .................................................................................. 85 
11.3.3 Required wall thickness without allowances ........................................................................... 86 
11.3.4 Departure from circularity of tube bends .................................................................................. 86 
11.4 Flexibility of integral tubing systems .......................................................................................... 87 
11.4.1 General.................................................................................................................................................... 87 
11.4.2 Analysis .................................................................................................................................................. 87 
11.5 Structural attachments to tubes .................................................................................................... 87 
11.5.1 General.................................................................................................................................................... 87 
11.5.2 Attachments welded on tube bends ............................................................................................. 89 
11.5.3 Length of attachments ....................................................................................................................... 89 
11.5.4 Limit of intensity in the case of radial loading ......................................................................... 89 
11.5.5 Calculation of intensity in the case of radial loading ............................................................. 89 
11.5.6 Strength of welds ................................................................................................................................ 91 
11.6 Fitting and joining of heated tubes ............................................................................................... 92 

Full document details: BS EN 12952-3:2022

https://doi.org/10.3403/BSEN12952?&urlappend=%26utm_campaign=pdfdoi%26utm_source=pdfdoi%26utm_medium=pdf
http://www.avadocuments.com/doc/bs-en-12952-3-2022
http://www.avadocuments.com/doc/bs-en-12952-3-2022


EN 12952-3:2022 (E) 

5 

11.6.1 Fitting of tubes ..................................................................................................................................... 92 
11.6.2 Joining of heated tubes ..................................................................................................................... 92 
11.7 Joining of unheated tubes ................................................................................................................ 92 
11.7.1 General ................................................................................................................................................... 92 
11.7.2 Flanges and bolting ............................................................................................................................ 92 
11.7.3 Butt welded joints .............................................................................................................................. 92 
11.7.4 Screwed or screwed and seal welded joints ............................................................................. 92 
11.8 Standardized fittings ......................................................................................................................... 92 

12 Pressure parts of irregular shape ................................................................................................. 93 
12.1 Hydrostatic test for determining the allowable internal pressure .................................. 93 
12.1.1 General ................................................................................................................................................... 93 
12.1.2 Proof test to produce yielding ........................................................................................................ 93 
12.1.3 Proof test to destruction .................................................................................................................. 94 
12.2 Numerical methods ............................................................................................................................ 94 
12.2.1 General ................................................................................................................................................... 94 
12.2.2 Methods .................................................................................................................................................. 94 
12.2.3 Evaluation of stress ............................................................................................................................ 95 

13 Fatigue .................................................................................................................................................... 95 
13.1 General ................................................................................................................................................... 95 
13.1.1 Procedure .............................................................................................................................................. 95 
13.1.2 Fatigue loading .................................................................................................................................... 95 
13.1.3 Calculation of fluctuating stress .................................................................................................... 96 
13.1.4 Fatigue assessment ............................................................................................................................ 96 
13.2 Symbols and abbreviations ............................................................................................................. 96 
13.3 Exemption rule for fatigue analysis ............................................................................................. 98 
13.3.1 General ................................................................................................................................................... 98 
13.3.2 Materials ................................................................................................................................................ 98 
13.3.3 Loadings ................................................................................................................................................. 99 
13.3.4 Temperature differences during transient operating conditions ................................. 100 
13.4 Stress analysis for fatigue calculation ...................................................................................... 106 
13.4.1 Principal and equivalent stresses .............................................................................................. 106 
13.4.2 Temperature of a load cycle ........................................................................................................ 106 
13.4.3 Protection of the magnetite layer .............................................................................................. 107 
13.4.4 Allowable circumferential stress range at the inside corner of a bore ........................ 107 
13.4.5 Circumferential stress caused by pressure at the inside corner of a bore ................. 107 
13.4.6 Stresses on the branch caused by external forces and moments ................................... 108 
13.4.7 Thermal stresses .............................................................................................................................. 108 
13.4.8 Upper and lower limit of the circumferential stress at the inside corner of a bore 108 
13.4.9 Admissible through-the-wall temperature differences ..................................................... 112 
13.4.10 Allowable temperature transients .................................................................................... 113 
13.4.11 Components with oblique and/or non-radial branches ........................................... 113 
13.5 Example calculations ...................................................................................................................... 113 

Annex A (normative)  Calculation of tube bends and elbows ........................................................ 117 

A.1 General ................................................................................................................................................ 117 

A.2 Symbols and abbreviations .......................................................................................................... 117 

A.3 Calculation ......................................................................................................................................... 118 

A.3.1 Required wall thickness ................................................................................................................ 118 

A.3.2 Calculation of the wall thickness................................................................................................ 118 

A.3.3 Calculation of stress ........................................................................................................................ 120 

Full document details: BS EN 12952-3:2022

https://doi.org/10.3403/BSEN12952?&urlappend=%26utm_campaign=pdfdoi%26utm_source=pdfdoi%26utm_medium=pdf
http://www.avadocuments.com/doc/bs-en-12952-3-2022
http://www.avadocuments.com/doc/bs-en-12952-3-2022


EN 12952-3:2022 (E) 

6 

A.3.3.1 The strength conditions for the intrados of the bend shall be: ....................................... 120 

A.3.3.2 The strength conditions for the extrados of the bend shall be: ...................................... 120 

Annex B (normative)  Fatigue cracking – Design to allow for fluctuating stress .................... 127 

B.1 General................................................................................................................................................. 127 

B.2 Conditions ........................................................................................................................................... 127 

B.3 Symbols and abbreviations .......................................................................................................... 129 

B.4 Cyclic stress range and mean cyclic stress in the case of uniaxial and multiaxial 
fluctuating stress .............................................................................................................................. 130 

B.4.1 General................................................................................................................................................. 130 

B.4.2 Uniaxial stress state ........................................................................................................................ 130 

B.4.3 Multiaxial stress state with principal stress directions constant .................................. 130 

B.5 Correction factors for taking into account the influences of surface finish and 
weldments .......................................................................................................................................... 132 

B.6 Controlling stress range ................................................................................................................ 140 

B.6.1 General................................................................................................................................................. 140 

B.6.1.1 Controlling stress range ................................................................................................................ 140 

B.6.1.2 Elastic range ....................................................................................................................................... 140 

B.6.1.3 Partly elastic range.......................................................................................................................... 140 

B.6.1.4 Fully plastic range............................................................................................................................ 140 

B.6.2 Correction factor .............................................................................................................................. 141 

B.7 Permissible stress range with a known number of load cycles ...................................... 142 

Annex C (informative)  Examples of calculating the effects of fatigue ........................................ 143 

C.1 General................................................................................................................................................. 143 

C.2 Calculation of the admissible number of load cycles .......................................................... 143 

C.3 Calculation of the admissible temperature gradient .......................................................... 146 

Annex D (informative)  Physical properties of steels ....................................................................... 150 

D.1 General................................................................................................................................................. 150 

D.2 Symbols and abbreviations .......................................................................................................... 150 

D.3 Physical properties ......................................................................................................................... 150 

D.3.1 Density ................................................................................................................................................. 150 

D.3.2 Differential coefficient of linear thermal expansion........................................................... 150 

D.3.3 Heat capacity ..................................................................................................................................... 151 

D.3.4 Thermal diffusivity .......................................................................................................................... 151 

D.3.5 Poisson’s ratio ................................................................................................................................... 151 

D.4 Physical properties of steels ........................................................................................................ 151 

D.4.1 Data sheet (tables) .......................................................................................................................... 151 

D.4.2 Graphs .................................................................................................................................................. 153 

D.4.3 Polynomials ....................................................................................................................................... 157 

Full document details: BS EN 12952-3:2022

https://doi.org/10.3403/BSEN12952?&urlappend=%26utm_campaign=pdfdoi%26utm_source=pdfdoi%26utm_medium=pdf
http://www.avadocuments.com/doc/bs-en-12952-3-2022
http://www.avadocuments.com/doc/bs-en-12952-3-2022


EN 12952-3:2022 (E) 

7 

Annex E (informative)  Consideration of external wastage due to flue gas exposure .......... 160 

E.1 General ................................................................................................................................................ 160 

E.2 Symbols and abbreviations .......................................................................................................... 160 

E.3 Wall thickness of straight tubes in accordance to Clause 11 ........................................... 160 

E.3.1 Required wall thickness with allowance ................................................................................ 160 

E.3.2 Required wall thickness without allowances ........................................................................ 160 

E.3.3 Circumferentially butt welded tubes ........................................................................................ 160 

E.4 Wall thickness of tube bends and elbows in accordance with Clause 11 .................... 161 

E.4.1 Required wall thickness with allowance ................................................................................ 161 

E.4.2 Required wall thickness without allowances ........................................................................ 161 

E.5 Wall thickness of tube bends and elbows in accordance with Annex A ....................... 161 

Annex F (informative)  Significant technical changes between this European Standard and 
the previous edition ........................................................................................................................ 162 

Annex ZA (informative)  Clauses of this European Standard addressing essential safety 
requirements of the Pressure Equipment Directive 2014/68/EU ................................ 163 

Bibliography .................................................................................................................................................... 165 

 

 

Full document details: BS EN 12952-3:2022

https://doi.org/10.3403/BSEN12952?&urlappend=%26utm_campaign=pdfdoi%26utm_source=pdfdoi%26utm_medium=pdf
http://www.avadocuments.com/doc/bs-en-12952-3-2022
http://www.avadocuments.com/doc/bs-en-12952-3-2022


EN 12952-3:2022 (E) 

8 

European foreword 

This document (EN 12952-3:2022) 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 shall be given the status of a national standard, either by publication of an 
identical text or by endorsement, at the latest by May 2023, and conflicting national standards shall be 
withdrawn at the latest by May 2023. 

Attention is drawn to the possibility that some of the elements of this document may be the subject of 
patent rights. CEN shall not be held responsible for identifying any or all such patent rights. 

This document supersedes EN 12952-3:2011. 

Annex F provides details of significant technical changes between this document and the previous 
edition. 

The EN 12952 series, concerning water-tube boilers and auxiliary installations, consists of the following 
parts: 

— Part 1: General 

— Part 2: Materials for pressure parts of boilers and accessories 

— Part 3: Design and calculation for pressure parts of the boiler 

— Part 4: In-service boiler life expectancy calculations 

— Part 5: Workmanship and construction of pressure parts of the boiler 

— Part 6: Inspection during construction, documentation and marking of pressure parts of the boiler 

— Part 7: Requirements for equipment for the boiler 

— Part 8: Requirements for firing systems for liquid and gaseous fuels for the boiler 

— Part 9: Requirements for firing systems for pulverized solid fuels for the boiler 

— Part 10: Requirements for safety devices against excessive pressure 

— Part 11: Requirements for limiting devices of the boiler and accessories 

— Part 12: Requirements for boiler feedwater and boiler water quality 

— Part 13: Requirements for flue gas cleaning systems 

— Part 14: Requirements for flue gas DENOX-systems using liquified pressurized ammonia and ammonia 
water solution 

— Part 15: Acceptance tests 

— Part 16: Requirements for grate and fluidized-bed firing systems for solid fuels for the boiler 

— CR 12952 Part 17: Guideline for the involvement of an inspection body independent of the manufacturer 
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— Part 18: Operating Instructions 

Although these parts can be obtained separately, it should be recognized that the parts are inter-
dependent. As such, the design and manufacture of water-tube boilers requires the application of more 
than one part in order for the requirements of this document to be satisfactorily fulfilled. 

NOTE A “Boiler Helpdesk” has been established in CEN/TC 269 which may be contacted for any questions 
regarding the application of European Standards series EN 12952 and EN 12953, see the following website: 
http://www.boiler-helpdesk.din.de. 

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

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

Any feedback and questions on this document should be directed to the users’ national standards body. 
A complete listing of these bodies can be found on the CEN website. 

According to the CEN-CENELEC Internal Regulations, the national standards organisations of the 
following countries are bound to implement this European Standard: Austria, Belgium, Bulgaria, Croatia, 
Cyprus, Czech Republic, Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Iceland, Ireland, 
Italy, Latvia, Lithuania, Luxembourg, Malta, Netherlands, Norway, Poland, Portugal, Republic of North 
Macedonia, Romania, Serbia, Slovakia, Slovenia, Spain, Sweden, Switzerland, Türkiye and the United 
Kingdom. 
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1 Scope 

This document specifies the requirements for the design and calculation of water-tube boilers as defined 
in EN 12952-1. 

The purpose of this document is to ensure that the hazards associated with water-tube boilers are 
reduced to a minimum by the proper application of the design according to this part of EN 12952. 

2 Normative references 

The following documents are referred to in the text in such a way that some or all of their content 
constitutes requirements of this document. For dated references, only the edition cited applies. For 
undated references, the latest edition of the referenced document (including any amendments) applies. 

EN 1092-1:2018, Flanges and their joints - Circular flanges for pipes, valves, fittings and accessories, PN 
designated - Part 1: Steel flanges 

EN 1759-1:2004, Flanges and their joint - Circular flanges for pipes, valves, fittings and accessories, Class 
designated - Part 1: Steel flanges, NPS 1/2 to 24 

EN 10028-1:2017, Flat products made of steels for pressure purposes - Part 1: General requirements 

EN 10164:2018, Steel products with improved deformation properties perpendicular to the surface of the 
product - Technical delivery conditions 

EN 10253-2:2021, Butt-welding pipe fittings — Part 2: Non alloy and ferritic alloy steels with specific 
inspection requirements 

EN 10266:2003, Steel tubes, fittings and structural hollow sections - Symbols and definitions of terms for 
use in product standards 

EN 12952-1:2015, Water-tube boilers and auxiliary installations - Part 1: General 

EN 12952-2:2021, Water-tube boilers and auxiliary installations - Part 2: Materials for pressure parts of 
boilers and accessories 

EN 12952-5:2021, Water-tube boilers and auxiliary installations - Part 5: Workmanship and construction 
of pressure parts of the boiler 

EN 12952-6:2021, Water-tube boilers and auxiliary installations - Part 6: Inspection during construction, 
documentation and marking of pressure parts of the boiler 

EN 12952-7:2012, Water-tube boilers and auxiliary installations - Part 7: Requirements for equipment for 
the boiler 

EN 12952-12:2003, Water-tube boilers and auxiliary installations - Part 12: Requirements for boiler 
feedwater and boiler water quality 

EN 12953-3:2016, Shell boilers - Part 3: Design and calculation for pressure parts 

EN 13445-3:2021, Unfired pressure vessels — Part 3: Design 
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EN 13480-3:2017,1 Metallic industrial piping — Part 3: Design and calculation 

3 Terms and definitions 

For the purposes of this document, the terms and definitions given in EN 12952-1:2015 apply. 

ISO and IEC maintain terminological databases for use in standardization at the following addresses: 

— IEC Electropedia: available at http://www.electropedia.org/ 

— ISO Online browsing platform: available at https://www.iso.org/obp 

4 Symbols and abbreviations 

For the purposes of this document, the symbols given in EN 12952-1:2015 apply. Throughout this 
document, additional terminology and symbols have been included where necessary to meet the 
requirements of the specific text concerned. 

5 General 

5.1 Purpose 

Water-tube boiler pressure parts shall be designed in accordance with the requirements of this 
document. The resulting designs shall be reproduced in the form of approved drawings and specifications 
to ensure the proper application of the design requirements during the manufacturing and inspection 
stages. 
5.2 Dimensions of pressure parts 

The wall thickness and other dimensions of pressure parts sufficient to withstand the calculation 
pressure at calculation temperature for the design lifetime shall be determined in accordance with this 
document using materials in accordance with EN 12952-2:2021. 

The design for loadings arising from the following situations shall also be determined in accordance with 
this document: 

a) the bending of a drum or header as a beam under self-weight and imposed loads; 

b) local support loads on drums; 

c) thermally induced forces and moments within or arising from systems of integral tubing; 

d) local loading of tubes by structural attachments; 

e) rapid and frequent changes of pressure and temperature. 

Methods for calculating stresses caused by external loads applied to nozzles and to attachments shall be 
in accordance with EN 13445-3:2021. 
NOTE The purpose of this part is to give specific design rules for common forms of loadings to which boiler 
parts are normally subjected to and general rules on how other loadings are to be considered. It does not give 
specific design rules for loadings other than those described in a) to e). 

                                                             
1 As impacted by EN 13480-3:2017/A1:2021, EN 13480-3:2017/A2:2020, EN 13480-3:2017/A3:2020 and EN 
13480-3:2017/A4:2021.  
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These design rules are adequate for boilers of established construction, installed and operated in 
accordance with the manufacturer's instructions. 

Determination of the dimensions of pressure parts shall be given special consideration not included in 
this document, when abnormal conditions are present, such as: 

— abnormally high corrosive products of combustion; 

— highly pressurized products of combustion; 

— poor feedwater. 

Deviations from the requirements of this document by the use of alternative design methods shall be 
permitted, provided it can be shown that the adoption of such methods does not impair the safety of the 
component. A record of all deviations shall be recorded in the manufacturer’s dossier. See also 
EN 12952-1:2015, Clause 7. 

5.3 Strength of pressure parts 

The strengths of the pressure parts shall be such as to withstand the following loads: 

a) internal pressure; 

b) the weight of all pressure parts and their contents, the weight of components suspended from them 
and any superimposed slag, fuel, ash or dust; 

c) loads caused by gas pressure differentials over the boiler furnace and flue gas passes; 

d) loads arising at connections between the boiler system and other parts. 

If applicable, the pressure parts shall be adequate to withstand wind and earthquake loads. The 
conditions applicable for such loads shall be determined by the customer. These determinations shall be 
considered by the manufacturer under his responsibility. 
5.4 Design by analysis 

It shall be permissible to design by analysis provided the safety and functional requirements of the 
components are not impaired. 

The results of any stress calculations carried out for loadings not explicitly covered by formulae in this 
Clause 5 shall be determined by using the criteria given in EN 13445-3:2021. 
5.5 Cyclic loading 

Boiler components are deemed to be exposed to cyclic loading if the boiler is designed for more than 500 
cold start-ups. Where cylindrical or spherical pressure parts with openings are subject to cyclic loading, 
the following calculation for the allowable temperature change rate vt shall be carried out: 

( )
( )
α  ×  = − −  ×   

m m
t o 2

s ms ms

  0 5  ,
d Zv X p

n e e
 (1) 
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where 

vt is the allowable rate of temperature change in K/s; 

po is the maximum operating pressure; 

dm is the mean diameter of the shell; 

ems is the minimum wall thickness; 

ns  = 2 for cylindrical shells, or 

ns  = 4 for spherical shells; 

αm  = 4 or if there is any doubt that this value is conservative, the exact value αm for cylindrical 
shells taken from Figure 60 or αsp for spherical shells, taken from Figure 62 shall be used; 

X  = 550 N/mm2; 

Z  = 2 K mm4/(Ns) for ferritic steels, or 

Z  = 1 K mm4/(Ns) for austenitic and martensitic steels, or 

( )γ α β
= −

−
th

cyl sp t t

0 5

1/

,

/

D
Z

E v
 (2) 

where exact values Dth, βt, E, v may be taken from Annex D, γcyl/sp from Figure 61 or Figure 64 and αt from 
Figure 63. 

If the result of this calculation is smaller than the required temperature transient at start-up, or if it is 
negative, then 13.4 shall apply. 

For designs subject to cyclic loading, careful attention shall be paid to the design configuration in order 
to avoid stress raising features and to ensure good stress distribution. Stamping of materials shall not be 
done in critical areas. 

In considering operating conditions, the design shall make adequate allowance for corrosion and fatigue. 

The level of non-destructive testing adopted shall meet the acceptance criteria for main drum welds in 
EN 12952-6:2021. 

5.6 Other design requirements 

5.6.1 General 

In particular, cognizance shall be taken of the following requirements in EN 12952-5:2021 and 
EN 12952-6:2021 

a) the design shall be such that manufacturing and welding in accordance with EN 12952-5:2021 and 
inspection in accordance with EN 12952-6:2021 shall be possible; 

b) where partial penetration welds are to be used, the depth of the required weld preparation groove 
shall be specified on the drawing; 

c) the welds attaching branches, nozzles, stubs and supports to drums and headers shall not involve 
any combination of austenitic and ferritic steel; 

d) the requirements covering the attachment of nozzles and branches to drums and headers without 
strength welding shall be in accordance with EN 12952-5:2021, 9.3; 

e) the requirements covering tube connections to drums and headers without strength welding shall 
be in accordance with EN 12952-5:2021, 9.4; 
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f) limits of operation for nodular graphite cast iron valves and fittings; 

g) where random NDE of welds is permitted by EN 12952-6:2021, it shall be demonstrated that the 
welding is adequate for the imposed loading when a weld joint factor of 0,85 is applied; 

h) the special requirements applicable to coil boilers are given in EN 12952-5:2021, Annex D; 

i) the special requirements applicable to chemical recovery boilers are given in EN 12952-5:2021, 
Annex E. 

For major components operating in the creep range, facilities shall be provided for surveillance the creep 
in relation to operation. 
NOTE Surveillance can be performed by means of non-destructive testing and/or additional calculations of 
creep damage, Dc. 

5.6.2 Access 

The boiler shall be designed to ensure adequate access is provided to facilitate the internal examination 
of the drums and headers. The requirements and limitations of access and inspection openings shall be 
in accordance with EN 12952-7:2012, Annex E. 
5.6.3 Drainage and venting 

The boiler shall be provided with adequate means of drainage and venting in order to avoid water 
hammer and vacuum collapse, and to enable internal inspections to be carried out. 

5.7 Design, calculation and test pressures 

5.7.1 Design pressure 

For the purpose of EN 12952-3 the design pressure pd shall be equal to/or greater than the maximum 
allowable pressure PS. 

For each compartment of the water-tube boiler, the design pressure shall be at least the highest set 
pressure of any safety valve mounted on that compartment. 
NOTE A compartment is any pressurized section of plant which can be isolated by shut-off valves. 

5.7.2 Calculation pressure 

Each compartment may be divided into sections, each with its own calculation pressure pc and calculation 
temperature tc. The design of each section shall be based on one of the following: 

a) for parts whose design stress has been derived from tensile strength Rm or minimum yield proof 
strength Rp0,2 tc the calculation pressure shall be the design pressure increased to the highest pressure 
possible when the plant is operating at the calculation temperature. Any difference between design 
pressure and calculation pressure might be caused by hydrostatic pressure and by pressure drop 
caused by fluid flow. Differences in hydrostatic height less than or equal to 0,05 MPa can be ignored; 

b) for parts whose design stress has been derived from the creep rupture strength, the calculation 
pressure shall be the lowest set pressure of any safety valve at the superheater/reheater outlet, as 
appropriate, increased by the highest pressure difference possible under maximum continuous 
rating conditions. 

A check shall be made of the thickness calculated by method b), using the calculation pressure of a) above 
with a design stress derived from tensile strength Rm or minimum yield/proof strength Rp0,2 tc at the 
calculation temperature used in b), and the greater thickness used. 
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If the minimum yield strength data at higher temperatures are not available, linear extrapolation may be 
allowed. 
5.7.3 Calculation pressure for pressure differences 

For parts with a design pressure not less than 1 MPa, which are simultaneously subject to both internal 
and external pressure, e.g. surface type attemperators in boiler drums, and where the design ensures that 
both pressures always occur together, the calculation pressure shall be the maximum pressure difference, 
but not less than 1 MPa. The loading occurring during hydrostatic testing shall be taken into account. 
5.7.4 Hydrostatic test 

5.7.4.1 General 

In order to demonstrate the strength and integrity of individual components and of the completely 
assembled water-tube boiler, and to establish that no major error or defect has occurred, completely 
assembled water-tube boilers shall be hydrostatically tested to the test pressure specified in 5.7.4.2 and 
individual components shall be hydrostatically tested in accordance with 5.7.4.2 without any sign of 
weakness or defect. 

The hydrostatic tests shall be carried out on welded components or the completed water-tube boiler after 
all welding and heat treatment has been completed, but may be carried out prior to the drilling of holes 
for expanded tubes in the boiler drum. 

All components which are not reasonably accessible for inspection after assembly into the water-tube 
boiler shall be individually hydrostatically tested to the test pressure specified in 5.7.4.2 before assembly 
into the water-tube boiler. 
5.7.4.2 Test pressure 

A boiler assembly comprises of a number of components each having its own specific calculation pressure 
pc and calculation temperature tc. The test pressure pt for components as specified in 5.7.4.1 shall be 
determined directly in accordance with 5.7.4.3. 

As there can be only one hydrostatic test pressure for a boiler assembly or separately isolated 
compartment as specified in EN 12952-1:2015, 1.2, it shall be necessary to carry out a series of individual 
calculations on selected components throughout the assembled boiler or isolated compartment, if 
applicable, in accordance with 5.7.4.3, to determine the individual apparent test pressure for each 
selected component. The hydrostatic test pressure for the whole assembly shall be the pressure which 
ensures that none of the components selected shall be subjected under test conditions to a stress greater 
than that given in 6.3.7. 

Where the hydrostatic test is harmful or impractical, other tests of a recognized value may be carried out. 
For tests other than the hydrostatic pressure test, additional measures, such as non-destructive tests or 
other methods of equivalent validity, shall be applied before those tests are carried out. 
5.7.4.3 Calculation of hydrostatic test pressure 

The hydrostatic test pressure for a component or completely assembled boiler shall be determined as 
follows: 

= ⋅t 1 43,p PS  (3) 

or 

= ⋅ ⋅

c

p0 2 20
t

p0 2 t
1 25 ,   

,   

,
R

p PS
R

 (4) 

Full document details: BS EN 12952-3:2022

https://doi.org/10.3403/BSEN12952?&urlappend=%26utm_campaign=pdfdoi%26utm_source=pdfdoi%26utm_medium=pdf
https://doi.org/10.3403/30294510?&urlappend=%26utm_campaign=pdfdoi%26utm_source=pdfdoi%26utm_medium=pdf
http://www.avadocuments.com/doc/bs-en-12952-3-2022
http://www.avadocuments.com/doc/bs-en-12952-3-2022


EN 12952-3:2022 (E) 

16 

whichever is the greater, where 

pt is the test pressure for the component under consideration; 

PS is the maximum allowable pressure or if higher the calculation pressure for the component 
under consideration. 

The ratio Rp0,2 20/Rp0,2 tc or in the case of austenitic steels, if its elongation after rupture exceeds 30 %, the 
ratio Rp1,0 20/Rp1,0 tc to be used shall be the lowest of those permitted for the components under 
consideration, based on the material properties and the specific calculation temperature and should not 
be less than 1, see also 6.3. 

If the minimum yield strength data at higher temperatures are not available, linear extrapolation may be 
allowed. 
5.8 Metal wastage2 

5.8.1 Internal wastage 

Internal wastage is normally small and shall not be considered for boilers operated with feedwater in 
accordance with EN 12952-12:2003. For components exposed to risk of greater than normal wastage 
(e.g. erosion by turbulence), appropriate countermeasures shall be provided. 

The magnetite layer shall be protected in accordance with 13.4.1.1. 
5.8.2 External wastage 

External wastage of pressure parts not exposed to flue gases is normally small, and the thickness 
determined by this European Standard shall be adequate without further addition. 

Tubes exposed to flue gases shall experience wastage to a varying extent. If the boiler design data 
indicates that wastage can be significant, the tubes shall be increased in thickness accordingly. In 
addition, other means of tube protection can occur. In this case the wall thickness allowance shall be 
specified by the manufacturer unless the purchaser has specified a higher allowance. 

It shall be permitted to take account of wastage by means of metallurgically bonded, composite material 
tubing with corrosion resistant layers. 
5.8.3 Requirements 

Where an allowance for wastage is made, the amount shall be specified in the design documents 
stipulating whether this allowance is “internal or external”. Strength calculations shall use the 
dimensions after the wastage allowances are removed. 

However, for tubes designed using design strengths derived from creep rupture properties, integration 
over time of the effects of creep and wastage shall be permitted, so that failure can be predicted at a time 
not less than the design lifetime. In such cases the tube thickness towards the end of the design life might 
be less than required by Formula (124) to Formula (127). 
5.8.4 Stress corrosion 

With boiler water quality controlled in accordance with EN 12952-12:2003, stress corrosion would not 
be expected to occur in ferritic tubing under normal boiler operating conditions. The risk of such 
corrosion in austenitic superheater materials can be satisfactorily reduced by ensuring no water droplets 
are carried over into the austenitic tubing. Carry over can be considered to have been adequately 
restricted if the steam has an enthalpy of 2 900 kJ/kg or greater, or the enthalpy corresponds to a 
temperature of 425 °C or higher. 

                                                             
2 For the purpose of design in accordance with this document, metal wastage includes oxidation, corrosion, erosion 
and abrasion. 
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Where it is predicted that exceptional conditions of chemical concentration may occur for prolonged 
periods of operation, the effects of stress corrosion and corrosion gouging shall be considered, and the 
materials selected accordingly. 
NOTE It is not possible to compensate for stress corrosion by increasing the thickness of components. 

5.8.5 Mechanical requirements 

Where there is a likelihood of in-service relative movement or fretting between a pressure part and a 
non-pressure part in contact with it, consideration shall be given to wastage of the components. If 
necessary, wear-pads shall be welded to the pressure part, or other equivalent means shall be employed. 

5.9 Attachment on pressure parts 

5.9.1 Load carrying attachments 

Load carrying attachments shall be specified by the design engineer and indicated as such on the drawing. 

Load carrying attachments are: 

a) attachments designed for primary loads which are completely definable and are usually for support 
purposes, or 

b) attachments which are usually provided for alignment and/or restraint purposes where the loading 
is not easily specified. Such attachments may be loaded by either primary or secondary loads. 

Stresses caused by load carrying attachments not covered in 11.5 shall be calculated in accordance with 
EN 13445-3:2021. 
5.9.2 Non load carrying attachments 

Non load carrying attachments are attachments which carry no significant loads during manufacture, 
erection, testing or any operating condition. 

6 Calculation temperature and nominal design stress 

6.1 Calculation temperature 

6.1.1 General 

For the purpose of EN 12952 the maximum allowable temperature TS shall be that at the steam/hot 
water outlet. 

The reference temperature tor shall the mean fluid operation temperature of the component under 
consideration, which is to be expected during use. 

Where steam or water flows through components in parallel, tor for each component shall take account 
of variations in heat transfer and fluid flow between the parallel parts. 

The calculation temperature tc of a component may be calculated by taking account of variations in heat 
transfer and fluid flow in the boiler. If such calculations are not carried out then the calculation 
temperature tc shall be composed of the reference temperature tor and the temperature allowance in 
accordance with 6.1.2 to 6.1.10. The temperature allowances in Table 1 shall be regarded as minimum 
values, except where calculations of tc are carried out, and is allowed by 6.1.5. 
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Table 1 — Reference temperatures and temperature allowances 

Physical state Reference 
temperature 

Temperature allowances 

Unheated 
components a 

Heated components a 

Heating mainly 
by radiation b 

Heating mainly 
by convection 

Protected 
against 

radiation 

Water or 
water/steam 
mixture 

Saturation 
temperature at 
allowable 
(working 
gauge) pressure 
ps1 or at 
allowable (total 
gauge) pressure 
ps2 

0 °C 

50 °C 
For headersc 
(30 + 3 es) °C 
but not less 
than 50 °C 

(15 + 2 es) °C 
but not more 
than 50 °C 

20 °C 

Superheated 
steam 

Superheated 
steam, see also 
6.1.3 

15 °C, 
see also 6.1.5 50 °C 35 °C 20 °C 

a For definitions of types of heating see 6.1.7 to 6.1.10. 
b Platen type superheaters are treated like convection type superheaters. 
c For definition of header see 6.1.6. 

6.1.2 Circulation boilers 

For circulation boilers, the reference temperature and the temperature allowance shall be in accordance 
with Table 1. 
6.1.3 Once-through boilers, superheaters and reheaters 

For once-through boilers, the reference temperature tor is the temperature of the fluid. The temperature 
of the fluid shall be calculated by taken into account of variations in heat transfer and fluid flow in the 
boiler. 

For superheaters and reheaters the reference temperature shall be the mean temperature expected 
during service, of the fluid flowing through the various boiler parts. 

The temperature allowance shall be in accordance with Table 1. 
6.1.4 Hot water generators 

For the special case of hot water generators, where the temperature of the contained fluid is limited by 
thermostats3, the reference temperature of the components shall be the fluid temperature. 
6.1.5 Temperature allowances for unheated components 

For unheated components carrying superheated steam, the temperature allowance of 15 °C given in 
Table 1 shall be reduced to 5 °C (measuring tolerance) if it shall be ensured that the temperature required 
by the design cannot be exceeded. 

                                                             
3 Temperature limiters manufactured and tested in accordance with EN 12952-11 are considered to be reliable. 
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This can be achieved by: 

a) temperature control upstream of the said components; 

b) the arrangement of cooling or mixing points (e.g. by headers through which the fluid flows in a 
longitudinal direction) upstream of the said components; 

c) connection measures for heating surface arrangement or the like. 

6.1.6 Headers 

Tubular hollow parts with a nominal external diameter greater than 76,2 mm, into which there are three 
or more non-axial tube entries, shall be considered as headers. 
6.1.7 Unheated components 

Components shall be considered to be unheated if 

a) they are behind refractory brickwork, and an intermediate space of at least 100 mm is between the 
brickwork and the components; 

b) a gas tight welded waterwall is arranged between the components and the furnace or gas pass; 

c) the components are protected by a layer of refractory bricks or refractory lining and this layer is not 
primarily subject to heat absorption due to radiative heat transfer (see 6.1.10); in this case, the 
brickwork or refractory lining shall be attached to the suspended part by means of holding devices. 
In the case of headers, studding can be provided for this purpose; 

d) the highest possible temperature of the flue gas is less than the reference temperature of the 
component. If the temperature of the flue gas is only marginal above the reference temperature, the 
calculation temperature is not required to be defined higher than the highest possible flue gas 
temperature. 

6.1.8 Components protected against radiation 

Components shall be considered to be protected against radiation if they are screened by closely spaced 
tubes (maximum clear distance 3 mm) and no substantial flow of flue gases can occur between the 
screening tubes and the components. 
6.1.9 Components heated by convection 

Components shall be considered to be primarily heated by convection if 

a) they are not subject to radiation (see 6.1.10); 

b) the components are protected by a layer of refractory brickwork or refractory lining against radiative 
heat transfer (see 6.1.10). In this case, the bricks or refractory lining shall be attached to the 
suspended part by holding devices, which in the case of headers, can be studding; 

c) the components are protected by a row of tubes with a ratio of 

≤ 0 63
0 1 3 ,/ ,oP d n  (5) 
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where 

n is the number of the rows; 

P0 is the longitudinal pitch with Ф = 0°; 

do is the outside diameter. 
This requires a value of 

P0/do ≤ 1,3 for one row of tubes in accordance with Figure 1; 

P0/do ≤ 2,0 for two rows of tubes in accordance with Figure 2; 

P0/do ≤ 2,6 for three rows of tubes in accordance with Figure 3. 

d) the components are provided with closely spaced tubes in accordance with Figure 4 with a ratio of 

≤
π

0 90
2

0 1
 

,
 

P P

l
 (6) 

where 

P0 is the longitudinal pitch with Ф = 0°; 

P90 is the circumferential tube pitch on the external surface with Ф = 90°; 

l is the distance between component and furnace envelope. 
6.1.10 Components heated by radiation 

Unscreened components shall be considered to be primarily heated by radiation, if they are subject to 
radiation by flue gases with a temperature > 950 °C. 

 

Figure 1 — Components protected by one row of tubes 

 

Figure 2 — Components protected by two rows of tubes 
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Figure 3 — Components protected by three rows of tubes 

 
Key 

1 flue gas flow 

2 boundary of flue gas flow 

Figure 4 — Components protected by closely spaced tubes 

6.2 Maximum through-the-wall temperature difference and maximum flue gas 
temperature for heated drums and headers 

6.2.1 Maximum through-the-wall temperature difference 

The through-the-wall temperature difference (defined as outside wall temperature minus inside wall 
surface temperature) of heated drums and headers, shall not exceed 30 K. 
NOTE Components made from ferritic steel not exceeding 32 mm wall thickness and exposed to a heat flux less 
or equal to 40 kW/m2 will meet this requirement. The requirement will also be met by keeping the wall thickness 
within a limit not exceeding 22,2 mm without justification of the heat flux subjected. 

6.2.2 Headers exposed to flue gas 

Surfaces of superheater and reheater headers shall not be exposed to flue gas temperatures in excess of 
500 °C. 
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6.2.3 Allowable deviations 

In cases where it is necessary to deviate from 6.2.1 and 6.2.2 it shall be verified that unsteady and steady 
thermal stresses do not lead to unacceptable stresses in the component wall. 

6.3 Design stress 

6.3.1 General 

The design stress f to be used for the design of components primarily subjected to static loading shall be 

=
Kf
S

 (7) 

where 

K is the material strength value for the design conditions in accordance with the material 
standards and specifications given e.g. in EN 12952-2:2021 and where S is the safety 
factor 

and at the test pressure pt’ the design stress ft’ shall be 

= t'
t'

t'

K
f

S
 (8) 

where 

Kt’ is the material strength value and St’ is the safety factor, both for the test condition. 
For calculation temperatures tc where time dependent material strength values have to be considered 
the design stress fcr shall be 

= mTtc
cr

cr

R
f

S
 (9) 

where 

RmT tc is the creep rupture strength for the specified lifetime T at calculation temperature tc 
and 

Scr is a safety factor accounting for scatter of creep rupture strength for the specified 
lifetime T and an additional safety margin in cases without surveillance of creep 
exhaustion, see Table 2. 
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Table 2 — Consideration of time dependent material strength values 

Specified Lifetime a Rolled and forged steels, 
austenitic steels Cast steels 

T [h] b Creep rupture 
strength Scr 

Creep rupture 
strength Scr 

10 000 ≤ T ≤ 100 000 RmT tc 1,25 RmT tc 2,0 

100 000 < T < 200 000 RmT tc 1,25 RmT tc 2,0 

T = 200 000 

Rm 200 000 h tc 1,25 

RmT tc 2,0 Rm 150 000 h tc c 1,35 

Rm 100 000 h tc c 1,5 
a If no lifetime is specified, the mean creep rupture strength at 200 000 h shall be used with the associated Scr. 
In exceptional cases, where pressure parts are operated in the creep range for short duration (less than 10 000 h) 
e.g. discharge, relief lines, T may be reduced to 10 000 h with an associated Scr = 1,25. 
b Creep rupture strength values for intermediate lifetimes shall be obtained by linear interpolation in a double 
logarithmic system. 
c Only in cases where the 200 000 h values are not specified in the material standards, the mean creep rupture 
strength at 150 000 h or 100 000 h shall be used for a design lifetime of 200 000 h with the associated Scr. 

6.3.2 Rolled and forged steels 

The design stress f shall be the lowest value obtained from the formula 

  =  
  

p0 2tcm20 eHtcmin  and/or
2 4 1 5 1 5

,
;   ;

, , , cr

RR R
f f  (10) 

where 

Rm 20 is the tensile strength at room temperature (20 °C); 

ReH tc is the upper yield strength at calculation temperature tc; 

Rp0,2 tc is the 0,2 %-proof strength at calculation temperature tc and 

fcr is the design stress for time dependent material strength values as specified in 6.3.1. 

6.3.3 Austenitic steels 

The design stress f shall be in accordance with the following: 

— for steels with a specified minimum transverse elongation A < 30 %, the lowest value obtained from 
the formula 

  =  
  

p0 2tcmin
1 5

,
  ;

, cr

R
f f  (11) 

where 

Rp0,2 tc is the 0,2 %-proof strength Rp0,2 at calculation temperature tc and 

fcr is the design stress for time dependent material strength values as specified in 6.3.1. 
— for steels with a specified minimum transverse elongation A ≥ 30 %, the lowest value obtained from 

formula 
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  =  
  

p1 0tcmin
1 5

,
  ;

, cr

R
f f  (12) 

where 

Rp1,0 tc is the 1,0 %-proof strength Rp1,0 at calculation temperature tc and 

fcr is the design stress for time depended material strength values as specified in 6.3.1. 
— or alternatively, and if its specified minimum transverse elongation A ≥ 35 %, the lowest value 

obtained from the formula 

  =  
  

p1 0tcm tcmin
3 1 2

,
  ; ;

, cr

RR
f f  (13) 

where 

Rm tc is the tensile strength at calculation temperature tc; 

Rp1,0 tc is the 1 %-proof strength Rp1,0 at calculation temperature tc; 

fcr is the design stress for time dependent material strength values as specified in 6.3.1. 
6.3.4 Non-alloy and low-alloy cast steel 

The design stress f for non-alloy and low-alloy cast steel shall be the lowest value obtained from the 
formula 

  =  
  

p0 2 tcm20
crmin

3 2 2 0
,

  ; ;
, ,

RR
f f  (14) 

where 

Rm 20 is the tensile strength at room temperature (20 °C); 

Rp0,2 tc is the 0,2 %-proof strength Rp0,2 at calculation temperature tc; 

fcr is the design stress for time dependent material strength values as specified in 6.3.1. 
6.3.5 Nodular graphite cast iron 

The design stress f for annealed nodular graphite cast iron shall be the lowest value obtained from the 
formula 

  =  
  

p0 2 tcm20min
4 8 3 0

,
;

, ,

RR
f  (15) 

and for not annealed nodular graphite iron cast iron the lowest value obtained from the formula 

 
 =  
  

20m p0 2tcmin
5 8 4 0

,
;

, ,

R R
f  (16) 

where 

Rm 20 is the tensile strength at room temperature (20 °C); 

Rp0,2 tc is the 0,2 %-proof strength Rp0,2 at calculation temperature tc. 
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6.3.6 Design stress for welded connections operating under creep condition 

When the creep properties of the welded connection are known, the smallest of the design strengths of 
the welded connection and the two joined materials shall be used for loading at right angles to the weld 
seam. 

When the creep properties of the welded connection are not known, but those of the filler material are 
known, the design strength for this loading shall be reduced by 20 % from the smaller of the design 
strengths of the joined materials. When the creep strength of the filler metal is not known, the joint 
strength shall be reduced by a further 20 %. 
6.3.7 Design stress for test pressure 

At the test pressure pt’, in the case of rolled and forged steels and in the case of austenitic steels with a 
specified minimum elongation A < 30 %, the design stress ft’ shall be 

= p0 2 20

t

,
'

'
t

R
f

S
 (17) 

where 

Rp0,2 20 is the 0,2 % proof strength at room temperature (20 °C) and 

St’ is the safety factor for test (gauge) pressure with 

  2,2 for nodular graphite cast iron, 

  1,4 for cast steels and 

  1,05 for rolled and forged steels and for austenitic steels with a specified minimum 
elongation < 30 %, 

and in the case of austenitic steels with a specified minimum elongation A ≥ 30 %, the design stress ft’ 
shall be 

= p1 0 20

1 05
,  

' ,t

R
f  (18) 

where 

Rp1,0 20 is the 1,0 % proof strength at room temperature (20 °C) and 

1,05 is the safety factor St’ for test (gauge) pressure for austenitic steels with a specified 
elongation A ≥ 30 %. 

7 Cylindrical shells of drums and headers under internal pressure 

7.1 Shell thickness 

7.1.1 Requirements 

The shell thickness after deduction of allowances, ers = es- c1- c2 of drums and headers shall be the greatest 
of those required by the following: 

a) a minimum of 9,5 mm for headers 300 mm outside diameter and above, and a minimum of 6 mm for 
headers below 300 mm outside diameter; 

b) the requirements of 7.2 by applying 8.2 or 8.3.3 and 8.3.4; 
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c) the requirements of 7.3 and 7.4 (if applicable). 

7.1.2 Required wall thickness including allowances 

The required wall thickness including allowances shall be derived from 

= + +1 2' s cse e c c  (19) 

7.2 Basic calculation 

7.2.1 Required wall thickness without allowances 

The required wall thickness without allowances ecs, in mm, of a cylindrical shell shall be determined by 
either of the following formulae: 

( )
=

−
c is

cs
s c2

p d
e

f p v
 if dis is given

 (20) 

or 

( )
=

− +
c os

cs
s c c2 2

p d
e

f p v p
 if dos is given

 (21) 

where the following applies in addition to EN 12952-1:2015, Table 5-1: 

— v is the minimum efficiency vb for isolated or vm for adjacent branches, respectively, isolated or 
adjacent openings in longitudinal, oblique or circumferential direction, determined in accordance 
with 8.2 by way of approximation or in accordance with 8.3.3 and 8.3.4. 

Cladding for the purpose of metal wastage resistance shall not be taken into account. 

The calculation of the required wall thickness of a main body reduced in strength by openings shall only 
be possible by iteration since strength reduction depends on the wall thickness. 

The equivalent value of the stress in the shell shall be calculated using an inversion of Formula (20) or 
Formula (21). 

Thermal stress caused by through-the-wall-temperature-difference shall be taken into account in 
accordance with the requirements of Clause 13. 
7.2.2 Different thickness 

Where a shell comprises plates of different thickness, the circumferential butt weld shall be designed 
according to EN 12952-5:2021, Figure 4 and Figure 5. 

In determining the thickness of each plate, twice the inner radius shall be used for dis in Formula (20), or 
twice the outer radius for dos in Formula (21). 
7.2.3 Fabrication tolerances 

When calculating the shell thickness, the fabrication tolerances for the nominal diameter (as ordered) 
shall not be taken into account. When considering wall thickness reductions, it shall be assumed that 
these reductions occur on the inside if shells are ordered with outside diameter, and on the outside if 
shell are ordered with inside diameter. 
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7.3 Combined stress in drum or header shells 

7.3.1 General 

Notwithstanding the thickness of shells calculated in accordance with 7.2, calculations shall be made to 
ensure that in no case does the average ligament stress resulting from the combination of stresses arising 
from internal pressure, the self-weight of the drum or header and its contents, and all externally applied 
loads, exceed the design stress f (see 6.3) in any line of holes whether longitudinal, circumferential or 
diagonal. 

The average ligament stress in ligaments between holes on a circumferential line shall be the sum of the 
longitudinal stresses calculated in accordance with 7.3.2 and 7.3.3, increased by pc/2. The average 
ligament between holes on a diagonal line shall be calculated in accordance with 7.3.4. 
7.3.2 Stress from longitudinal loads 

The longitudinal stress fd averaged over the shell cross-section, caused by internal pressure and the 
longitudinal component of externally applied loads W, shall be calculated as follows: 

π
= +

2
c is

d
s s4

  

 

p d Wf
A A

 (22) 

where As is the shell cross-sectional area at the section considered, see Figure 5. When openings in the 
shell are reinforced by thickening the walls of branches in accordance with 8.1 to 8.3, the areas of 
compensation in the branch wall can be included in As. 

The following condition shall apply at any circumferential section through the shell: 

+ ≤c
d s2

p
f f  (23) 
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Key 

1 shell cross-sectional area 

2 neutral axis 

Figure 5 — Net area of shell cross section subject to longitudinal loads 

7.3.3 Longitudinal bending stress 

The bending moment MR at any section shall be the algebraic sum of the resultant bending moments due 
to the eccentricity of the end pressure ME and due to self weight, weight of water and externally applied 
loads MW. 

= +R E WM M M  (24) 

The resultant bending moment ME due to the eccentricity a of the end pressure shall be calculated from: 

π
=

2
c is

E 4

     p d a
M  (25) 

where 

a is the eccentricity of the net cross section. 
The resultant bending moment MW due to externally applied loads shall be calculated by treating the shell 
as a beam carrying the externally applied loads including its own weight and that of the contents under 
working conditions. MW shall be the bending moment at the section subjected to the greatest bending 
from this cause. 

The stress due to bending fM shall be calculated as follows: 

= R
M

A

 M Y
f

I
 (26) 
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where 

Y is the distance from the neutral axis of the net cross section to the extreme mid point of the 
shell thickness in mm; 

IA is the second moment of area. 
The values of MR, Y and IA shall depend on the direction of the neutral axis of bending. The direction shall 
be chosen so that the resulting stress fM is a maximum. 

Taking fd shown in 7.3.2 into consideration the following condition shall apply: 

+ + ≤c
d M 2 s

p
f f f  (27) 

7.3.4 Evaluation of ligament stress for inclined ligaments in drums 

Where bending stresses due to weight, externally applied loads and eccentricity of end pressure are not 
negligible, the stress on inclined ligaments which are on a line which is at an angle Φ to the longitudinal 
axis of the drum as shown in Figure 22 shall be evaluated as follows: 

Let the circumferential stress f1 on cross sectional area of longitudinal section be: 

= c is
1

rs2

 p d
f

e
 (28) 

Let the longitudinal stress f2 on cross sectional area of circumferential section be: 

( )= +2 m2 d M f v f f  (29) 

where vm2 is the ligament efficiency on a circumferential section at the point where fd and fM act, see 
Figure 6. 

 
Key 

1 longitudinal axis of shell 

2 developed radial view on shell mid-thickness 

Figure 6 — Tube holes with diagonal ligaments – efficiency factors for ligament AB 
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Where the ligament under consideration is between holes of equal size the apparent ligament efficiency 
on the diagonal line shall be given by: 

Φ
= −m3 1 dv

P
 (30) 

Where holes are of unequal size, the coefficient for the diagonal line shall be given by: 

( ) Φ+
= − 1 2

m3
0

cos 
1

2

d d
v

P
 (31) 

The average direct stress fA on the ligament shall be given by: 

( ) ( ) Φ + − = + 
  

1 2 1 2
A

m3

21
2 2

cosf f f f
f

v
 (32) 

The average transverse stress fB on the ligament shall be given by: 

( )( )Φ −+ = − 
  

1 21 2
B m3

2

2 2

cosf ff f
f v  (33) 

The average shear stress fC on the ligament shall be given by: 

( ) Φ−
= 1 2

C
m3

sin 2

2

 f f
f

v
 (34) 

The stress f3 in MPa on the ligament shall be given by: 

= + + − +2 2
3 A B C

1 4
2

( )A Bf f f f f f  (35) 

+ ≤c
3 s2

p
f f  (36) 

7.4 Boiler drum supports 

Where large diameter but relatively thin drums are carrying heavy loads on saddles or slings, 
Formula (37) shall be used as a guide to assess whether precise calculations are needed to determine 
local stresses: 

   
   = ≤
   
   

ms
c s

s rs rs
0 78,

rWf f
l e e

  (37) 

where 

W is the load on the saddle or sling, in N; 

ls is the horizontal length of the saddle at right angles to the axis of the drum in mm, but not 
greater than the chord described by 120°. 

Where application of this formula suggests that the design stress is exceeded, reference shall be made to 
the appropriate methods of analysis, e.g. as given in EN 13445-3:2021. 
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7.5 Other stresses in cylindrical shells 

In addition to the requirements of 7.3 and 8.1.1 other local stresses shall also be considered. 

Stresses caused by loads applied to nozzles and attachments shall be calculated in accordance with 
EN 13445-3:2021. 

8 Openings and branches in cylindrical shells of drums and headers and integral 
tubes4 

8.1 General 

8.1.1 Requirements for the ligament efficiency of the main body with openings and branches 

8.1.1.1 Ligament efficiency of the main body 

For cylindrical shells with openings, the ligament 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 lrs measured from the edge 
of the opening; see Figure 7 (lrs 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 lso ≥ ers (see Figure 8 and Figure 9) or 

b) by branches, measured on a length lb1 from the outside surface of the main body wall, which have 
been provided with a wall thickness in excess of that required on account of the internal pressure, 
without or in connection with an increase in main body wall thickness (see Figure 8 to Figure 10). 
The welded joint between the main body and branch shall be a full-strength weld where in case of 
branches a residual gap ≤ 1,5 mm can be present. A wall thickness ratio of erb/ers up to and including 
2 shall be permissible for dib ≤ 50 mm. This shall also apply to branches with dib > 50 mm insofar as 
the diameter ratio dib/dis ≤ 0,2. For branches with dib > 50 mm and a diameter ratio dib/dis > 0,2, the 
value of erb/ers shall not exceed 1. These conditions do not apply to access and inspection openings. 

Expanded or set-through and seal-welded-only branches or branches attached to the main body by 
fillet welds with a residual root gap > 1,5 mm shall not be used in a creep rupture stress range and 
are not subject to dynamic loading. Such branches 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 lb0 ≥ erb 
(see Figure 8 and Figure 9). 

For branches with dib/dis ≥ 0,7, calculated with a design stress derived from Rm or Rp0,2 tc reference 
shall be made to 8.3.3.4. For branches calculated with design stress derived from creep rupture 
strength  values, the requirement shall be dib/dis ≤ 0,8 and lb1 ≥ lrb and, in addition, the condition 
erb ≥ ers × dib/dis shall be satisfied for dib/dis ≥ 0,5 (for lrb see 8.1.2 and for lb1 see Figure 8). 

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). The reinforcement of openings by inside 
reinforcing plates or pads shall not be permitted; 

                                                             
4 This clause specifies the design rules for openings and branches in cylindrical shells. Dimensions do not include 
allowances for wall thickness negative tolerances and metal wastage. 
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c) by increasing the wall thickness in highly loaded zones within the area of the opening (see Figure 11 
and Figure 12), which can be obtained by forging or forging and subsequent machining; 

d) by reinforcing pads analogous to a) (see Figure 13 and Figure 14). 

The requirements of Clause 13 are not applicable to this type of reinforcement. Reinforcing pads shall 
have close contact with the main body; 

e) for branches the design drawings shall contain an indication of the required design type of the 
welded joint between the branch and the shell, like 

1) root branch weld either machined out or ground over or created from the inside by means of 
Tungsten Inert Gas (TIG); 

2) root of branch weld neither machined out nor ground over (residual gap ≤ 1,5 mm); 

3) residual gap of branch weld not specified. 

8.1.1.2 Special requirements 

In the case of elliptical or obround 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 largely notch-free surface5. Sharp 
corners shall be rounded to give a smooth transition. 

Openings shall be located at an adequate distance from the welds (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 ers ≤ 25 mm, is at a distance of 2ers, and on a 
main body with a thickness ers > 25 mm, the distance is at least 50 mm from the weld edge. 

Machining of holes through circumferential welds of drums and headers shall be permitted, provided the 
bore of the hole clears the edge of the main seam weld, and the main seam welds have been subjected to 
non-destructive examination required by this document. In addition, the weld cover pass of the welded 
nozzle, and the main seam weld local to the nozzle/hole shall be ground to remove notches. 

Internal edges of nozzle hole in drums shall be rounded with a radius of ≥ 3 mm except those holes are 
associated with expanded tubes. 
8.1.1.3 Extruded openings 

Extruded openings shall only be allowed if dib/dis ≤ 0,8. Where such openings are to be subjected to creep 
rupture stresses, they shall be limited to dib/dis ≤ 0,7. 

The efficiency factor vb to be used in the calculation shall be in accordance with 8.1.4.3. 

Extruded openings which are calculated using creep rupture strength values shall be in accordance with 
8.1.4.4. 
8.1.1.4 Forged branches 

The restrictions imposed on extruded openings shall not apply to forged branches in accordance with 
Figure 11 and Figure 12 provided that the increase in material thickness can be ensured. 

                                                             
5 Welded joints are considered to be largely notch-free if they are free from undercutting and shrinkage grooves 
(root concavity), within the limits given in EN 12952-6:2021. 
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8.1.1.5 Conical transitions 

Conical transitions and transitions with rounded openings shall be substituted in the calculation by 
sectioned areas of equal cross-sectional area in accordance with Figure 15. 
8.1.1.6 Set-through nozzles 

The inside diameter of the branch shall not exceed one-third of the inside diameter of the shell. 

 

Figure 7 — Reinforcement by increased wall thickness of the main body with opening 

 

Figure 8 — Reinforcement by set through and full penetration welded branch 
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Key 

a residual gap 

Figure 9 — Reinforcement by welded on branch 

 

Figure 10 — Reinforcement by branch welded to extruded main body 
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Figure 11 — Die forged branch 

 

Figure 12 — Branch forged from solid material, subsequently bored and turned 

 

Figure 13 — Opening with reinforcing pad (allowable for tc ≤ 250 °C) 
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design a design b design c 

Figure 14 — Opening with reinforcing pad and full penetration set-through and set on welded 
branch (welds shown for cylindrical shells accessible from the inside) 

 

Figure 15 — Branch with conical transitions and fillets 

8.1.2 Effective lengths for calculation of efficiencies of components 

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

For openings, see Figure 7 to Figure 9 

( )  +=  
  

is rs rs
rs

s1
min    d e el

l
 (38) 

for ls1 see Figure 7 to Figure 9, 

and for the nozzle with ψ ≥ 45°, see Figure 20 and Figure 21 
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  for internal projection.

 (40) 

For openings without branches lrb shall be omitted. 
8.1.3 Conditions for isolated openings 

Adjacent openings shall be treated as isolated openings if, for the centre distance PΦ in accordance with 
Figure 22, the following condition is satisfied: 

( )Φ ψ ψ

   
   + +
   
   ≥ + + +

ib1 ib2
rb1 rb2

is rs rs
1 2

2 2
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sin sin 

d d
e e

P d e e  (41) 

For openings without a branch erb = 0 and ψ = 90 °. 
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 fs, this value shall be used 
for all materials to calculate the reinforcement of the branch. 
8.1.4.2 Branches or reinforcing with lower design stress than the main body 

If the material used for the branch or the reinforcing pad has a lower design stress fb or fp respectively 
than the main body design stress fs, this design stress fb or fp shall be taken into account when using the 
formulae provided for this case. 
8.1.4.3 Extruded branches 

If in the case of extruded branches (see Figure 10 and Figure 11), the efficiencies for isolated branches 
are calculated as conventional nozzles (see Figure 9) without considering the extruded shape, the 
efficiency vb shall be multiplied by 0,9. 
8.1.4.4 Extruded branches in creep region 

In the case of extruded branches (see Figure 10) to be used in the creep region the creep rupture strength 
values used in the calculation shall be multiplied by 0,9. 
8.1.4.5 Special case 

The hole diameter d (see Figure 7) may be used in the calculation even if the hole diameter in the main 
body is less than the inside diameter dib (see Figure 9) of nozzle, if the reinforcement is only compared 
by increasing the wall thickness of the main body. 
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8.1.5 Requirements for the design of reinforcing pads 

8.1.5.1 General 

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 be not 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. Reinforcing pads shall only be used for design temperatures ≤ 250 °C and 
shall not be used for cyclic conditions. Annex B does not apply to this form of design. Such reinforcements 
have only little effect on bending moments acting upon the branch. 

a) the ratio dib/dis of the branch diameter to the cylinder diameter shall not be greater than 1/4 unless 
the adequacy of the design is demonstrated by experience or by a hydrostatic proof test in 
accordance with Clause 12; 

b) the width of the pad shall not be less than lrs/2 where lrs is the distance along the shell within which 
the shell thickness is assumed to contribute to the reinforcement. The effective width, Figure 13 and 
Figure 14, shall only be used in the formulae in 8.3.3.3 with a value not exceeding lrp = lrs; 

c) the thickness of the pad erp shall not exceed 40 mm or the actual shell thickness ers whichever is the 
lower; 

d) the thickness of the pad shall not be less than ers/4 with a maximum of 40 mm, where ers is the shell 
thickness; 

e) the weld preparations shall be as shown in Figure 13 or Figure 14. The pads shall have close contact 
with the shell. 

8.1.5.3 Non-pressure considerations 

When reinforcing pads are used for other than pressure considerations, such as for the connection of a 
support or mounting in order to avoid excessive local stresses in the drum shell, then the requirements 
of 8.1.5.2 shall not apply. 

The leg length of the fillet weld attaching the pad to the shell shall not exceed the drum thickness ers. 
8.1.5.4 Tell-tale holes 

Where reinforcing plates are fitted, they shall be provided with tell-tale holes to avoid the trapping of 
gases during welding. 

8.2 Efficiency factor, calculation by way of approximation, and maximum diameter of 
unreinforced openings 

8.2.1 General 

Exact solutions are given by the formulae in 8.3.3 and 8.3.4. Application of the formulae in 8.2.3 and 8.2.4, 
except Formula (44) can be conservative as any reinforcement from the branch is not taken into account. 
8.2.2 Allowable efficiency and maximum diameter of unreinforced opening 

Rearranging Formula (20) the allowable efficiency vall shall be calculated for the available wall thickness 
ers of a main body as follows 
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For this efficiency coefficient the greatest outside diameter dob of an isolated branch shall be obtained 
when its wall thickness can only withstand the internal pressure 
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In this case the available average stress fa shall be equal to the allowable stress fs of the main body. 
8.2.3 Isolated openings 

The formulae in this clause shall apply to single openings, or if there is more than one opening, only if 
Formula (41) is satisfied. In the case of more than one opening where Formula (41) is not satisfied, 
reference shall be made to 8.2.4. 

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

≤ rs0 14,  d l  (44) 

and 

≤rs os0 1,  e d  (45) 

where lrs shall be calculated in accordance with 8.1.2. 

Formula (44) and Formula (45) shall also be considered valid for counter bored holes and for partial 
penetration holes, even if the Formula (47) or Formula (52) or the more exact calculations in accordance 
with 8.3.3 recommend a smaller diameter d than given in Formula (44). 

Where a tube with an outside diameter dob is attached to an opening (see Figure 16) and the tube is 
capable of withstanding the internal calculation pressure on account of its wall thickness erb, the 
efficiency factor vb of this opening in the main body shall be calculated by 

( )= +b rs rs ob2 2/v l l d  (46) 

 

Figure 16 — Tube attached to main body 

If the diameter dis and the wall thickness ers of the main body are already determined, an isolated hole for 
a tube with a maximum outside diameter dob shall be permitted. 
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In case of expanded (see Figure 17) or set-in and seal-welded-only tubes, the tube hole diameter d in the 
main body shall be used in Formula (46) or Formula (47) instead of dob. 

 

Figure 17 — Expanded tube 

In the case of holes with stepwise reduced diameter, e.g. for expanded tubes in accordance with Figure 18 
the equivalent diameter to be used in the efficiency calculation (46) instead of dob, shall be 

( )+ −
= 1 1 rs 1

equiv
rs

   d h d e h
d

e
 (48) 

 
NOTE The counter boring can be made either from the outside, as shown, or from the inside of the shell. 

Figure 18 — Counter boring for expanded tubes 

The strength condition shall be satisfied, if this equivalent diameter does not exceed the limit for dob in 
Formula (47). 

In addition, the following requirements shall be met: 

a) if there is more than one opening, the condition in Formula (67) shall be fulfilled. The areas can be 
determined analogous to Figure 22; 

b) the remaining wall thickness at the bottom of the hole shall not be less than 
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0 65,
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f
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c) the edge of the hole shall be radiused as shown in Figure 18 and Figure 19. 

NOTE Partial penetrating holes can be made either from the outside, as shown, or from the inside of the shell. 

 

Figure 19 — Partial penetrating hole 

In the case of partial penetrating holes (see Figure 19) the equivalent diameter to be used in efficiency 
calculation (46) instead of dob shall be 

= 1 1
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d h
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e
 (51) 

Thus the allowable diameter of the hole is: 
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In addition, the requirements a), b) and c) for holes with stepwise reduced diameter as shown in 
Figure 18 shall be satisfied. 
8.2.4 Adjacent openings 

Where the condition for the centre distance PΦ of adjacent openings in accordance with 8.1.3 is not met, 
and tubes with an outside diameter dob are connected to the openings, with the tubes only being capable 
of withstanding the internal pressure on account of their wall thickness erb, the efficiency factor of 
adjacent branches shall be derived as follows: 
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i.e. for longitudinal pitch P0 with Φ = 0°. 
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Where the outside diameters of tubes of adjacent branches differ from each other, the following shall 
apply: 

+
= ob 1 ob 2

ob 2
    

d d
d  (55) 

8.3.4 may be used instead of the calculation by approximation used in this clause. 

In the case of partially penetrating holes (see Figure 19) the equivalent diameter dequiv from Formula (51) 
can be used in place dob, dob1 or dob2 as appropriate. 
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 12952-1:2015, Table 5-1, those shown in Figure 20 to Figure 24 
shall be used. 
8.3.2 Requirements for application 

8.3.2.1 Openings 

The rules specified in 8.3.3 and 8.3.4 shall be regarded as valid for the design of circular, elliptical and 
obround6 openings and nozzles (including oblique nozzles) arranged singly or in groups, in cylindrical 
shells, provided that the following conditions shall be satisfied. 

a) Openings and nozzles normal to the shell:  

The ratio of the major to minor axes of the opening does not exceed 2. 

b) Oblique nozzles: 

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

c) All nozzles: 

External forces and moments applied to the nozzle are not significant. If this is not the case, 
EN 13445-3:2021 shall be used to calculate and assess the resulting stresses. 

The nozzle inside diameter dib (see Figure 9) of the reinforced nozzle with the exceeded wall thickness 
shall be used in the calculation even if the hole diameter d in the main body is less than the inside diameter 
dib of the nozzle. 

Nozzle connections with a residual gap greater than 1,5 mm or set-through and seal-welded-only 
branches, shall be considered as 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. 

                                                             
6 An obround opening is an opening or hole which is neither circular nor elliptical and is formed by the bending of 
two radii to give a rounded opening or hole whose major and minor axes are different. 
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8.3.2.2 Branches 

The design of branches shall be governed by the following: 

a) the ability to withstand design pressure. For this purpose the minimum thickness of the branch shall 
be calculated in accordance with Clause 11; 

b) compensation requirements for openings in the main pressure part, which shall be determined for 
cylindrical shells in accordance with 8.3.3 or 8.3.4; 

c) the ability to withstand superimposed loading due to connected tubing or fittings. In no case shall 
the wall thickness of the branch be smaller than required in 8.3.3.1; 

d) the minimum thickness erb of the branch shall not be less than given in Table 12. Additional thickness 
can be required for structural stability. The requirements of this subclause shall not apply to tube 
stubs, which are the direct continuation of the heating tubes. 

 

area I area II 

Figure 20 — Load diagram for cylindrical shell with oblique branch and reinforcing pad 
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NOTE Hatching and weld details in X omitted for clarity. 

Figure 21 — Load diagram for cylindrical shell with non-radial branch 
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Key 

a) circumferential direction 

b) longitudinal direction 

Figure 22 — Load diagram for cylindrical shell with adjacent branches, arranged with an angle Φ 
to the axis of the shell 
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NOTE ψ1 ≥ 45°,  ψ2 ≥ 45°, where ψ is the angle of the axis of the branch to the axis of the shell. 

Figure 23 — Load diagram for cylindrical shell with non-radial adjacent branches, arranged on 
the circumference 
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