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Introduction
This draft standard is based on national and international discussions. Your comments on this draft are invited and will assist in
the preparation of the consequent standard.

For international standards, comments will be reviewed by the relevant UK national committee before sending the consensus
UK vote and comments to the international committee, which will then decide appropriate action. If the international standard is
approved, it is usual for the text to be published as a British Standard.

For national standards, comments will be reviewed by the relevant UK national committee and the resulting standards published
as a British Standard.

UK Vote
Please indicate whether you consider the UK should submit a negative (with supporting technical reasons) or positive vote on
this draft. Please indicate if you are aware of any reason why this draft standard should not be published as a British Standard.

Submission of Comments
- Annotated drafts are not acceptable and will be rejected.

- All comments should be submitted online at https://standardsdevelopment.bsigroup.com/. You will need to register in
order to comment.

Template for comments and secretariat observations Date: xx/xx/20xx Document: ISO/DIS xxxx

1 2 (3) 4 5 (6) 7

MB Clause No./ Subclause
No./Annex (e.g. 3.1)

Paragraph/
Figure/Table/Note

Type of
comment

Commend (justification
for change) by the MB

Proposed change by the MB Secretariat observations on
each comment submitted

3.1 Definition 1 ed Definition is ambiguous and needs
clarifying.

Amend to read '...so that the mains
connector to which no connection...'

6.4 Paragraph 2 te The use of the UV photometer as
an alternative cannot be supported
as serious problems have been
encountered in its use in the UK.

Delete reference to UV photometer.

Full document details: 25/30481842 DC

http://www.avadocuments.com/doc/25-30481842-dc
http://www.avadocuments.com/doc/25-30481842-dc


 

 

 
EUROPEAN STANDARD 

NORME EUROPÉENNE 

EUROPÄISCHE NORM 

	
	 DRAFT 
prEN 14015 
  

 
 September 2025 

ICS  Will supersede EN 14015:2004

English Version 

 Specification for the design and manufacture of site built, 
vertical, cylindrical, flat-bottomed, above ground, welded, 

steel tanks for the storage of liquids at ambient 
temperature and above 

 

Spécification pour la conception et la fabrication de 
réservoirs en acier, soudés, aériens, à fond plat, 

cylindriques, verticaux, construits sur site destinés au 
stockage des liquides à la température ambiante ou 

supérieure 

 Auslegung und Herstellung standortgefertigter, 
oberirdischer, stehender, zylindrischer, geschweißter 

Flachboden-Stahltanks für die Lagerung von 
Flüssigkeiten bei Umgebungstemperatur und höheren 

Temperaturen 

This draft European Standard is submitted to CEN members for enquiry. It has been drawn up by the Technical Committee 
CEN/TC 265. 
 
If this draft becomes a European Standard, 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. 
 
This draft European Standard was established by CEN 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. 
 
Recipients of this draft are invited to submit, with their comments, notification of any relevant patent rights of which they are 
aware and to provide supporting documentation. 
 
Warning : This document is not a European Standard. It is distributed for review and comments. It is subject to change without 
notice and shall not be referred to as a European Standard. 

 
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 

© 2025 CEN All rights of exploitation in any form and by any means reserved 
worldwide for CEN national Members. 

Ref. No. prEN 14015:2025 E

Full document details: 25/30481842 DC

https://doi.org/10.3403/03208208?&urlappend=%26utm_campaign=pdfdoi%26utm_source=pdfdoi%26utm_medium=pdf
http://www.avadocuments.com/doc/25-30481842-dc
http://www.avadocuments.com/doc/25-30481842-dc


prEN 14015:2025 (E) 

2 

 

Contents Page 

European foreword .......................................................................................................................................... 19 

Introduction ........................................................................................................................................................ 20 

1 Scope ........................................................................................................................................................ 21 

2 Normative references ........................................................................................................................ 21 

3 Terms, definitions, symbols and abbreviations ...................................................................... 24 
3.1 Terms and definitions ....................................................................................................................... 24 
3.2 Symbols .................................................................................................................................................. 27 
3.3 Abbreviations ....................................................................................................................................... 29 

4 Information and requirements to be specified ........................................................................ 30 
4.1 Information to be specified by the purchaser .......................................................................... 30 
4.2 Information to be agreed between the purchaser and the tank manufacturer ........... 30 
4.3 Information to be supplied by the tank manufacturer ......................................................... 30 
4.4 Information to be supplied by the steel manufacturer ......................................................... 30 
4.5 Information to be agreed between the steel manufacturer and the tank manufacturer

 ................................................................................................................................................................... 30 
4.6 Information to be agreed between the purchaser and the internal floating roof 

supplier .................................................................................................................................................. 30 
4.7 Information to be agreed between the tank manufacturer and the internal floating 

roof supplier ......................................................................................................................................... 30 
4.8 Information to be supplied by the internal floating roof supplier ................................... 30 
4.9 Information to be agreed between the purchaser and the supplier of the aluminium 

dome roof covering an open top steel tank ............................................................................... 30 
4.10 Information to be agreed between the tank manufacturer and the supplier of the 

aluminium dome roof ........................................................................................................................ 31 
4.11 Information to be supplied by the supplier of the aluminium dome roof ..................... 31 

5 Requirements ....................................................................................................................................... 31 
5.1 Design pressure ................................................................................................................................... 31 
5.2 Design metal temperature ............................................................................................................... 32 
5.2.1 Maximum design metal temperature .......................................................................................... 32 
5.2.2 Minimum design metal temperature ........................................................................................... 32 
5.3 Design density ...................................................................................................................................... 32 
5.4 Yield strength ....................................................................................................................................... 32 
5.5 Material compatibility between stored product and tank ................................................... 33 

6 Materials ................................................................................................................................................ 33 
6.1 Carbon and carbon manganese steels ......................................................................................... 33 
6.1.1 Plate materials ..................................................................................................................................... 33 
6.1.2 Structural steel sections ................................................................................................................... 37 
6.1.3 Forgings .................................................................................................................................................. 38 
6.1.4 Pipes ........................................................................................................................................................ 39 
6.1.5 Welding consumables ....................................................................................................................... 39 
6.1.6 Charpy V-notch impact energy requirements of carbon and carbon manganese steels

 ................................................................................................................................................................... 39 
6.1.7 Mountings .............................................................................................................................................. 40 
6.1.8 Thickness tolerances ......................................................................................................................... 41 

Full document details: 25/30481842 DC

http://www.avadocuments.com/doc/25-30481842-dc
http://www.avadocuments.com/doc/25-30481842-dc


prEN 14015:2025 (E) 

3 

 

6.2 Stainless steels ..................................................................................................................................... 41 
6.2.1 Selection of materials ........................................................................................................................ 41 
6.2.2 Plates and drawn products ............................................................................................................. 43 
6.2.3 Forgings .................................................................................................................................................. 43 
6.2.4 Pipes ........................................................................................................................................................ 44 
6.2.5 Welding consumables ....................................................................................................................... 44 
6.3 Anchors and structural bolts .......................................................................................................... 44 

7 Design loads .......................................................................................................................................... 46 
7.1 Loads ....................................................................................................................................................... 46 
7.2 Load values ........................................................................................................................................... 47 
7.2.1 Liquid induced loads ......................................................................................................................... 47 
7.2.2 Internal pressure loads .................................................................................................................... 47 
7.2.3 Thermally induced loads ................................................................................................................. 47 
7.2.4 Dead loads ............................................................................................................................................. 47 
7.2.5 Insulation loads ................................................................................................................................... 47 
7.2.6 Distributed live load .......................................................................................................................... 47 
7.2.7 Concentrated live load ...................................................................................................................... 47 
7.2.8 Snow loads............................................................................................................................................. 47 
7.2.9 Rainfall loads ........................................................................................................................................ 47 
7.2.10 Wind ........................................................................................................................................................ 48 
7.2.11 Seismic loads ........................................................................................................................................ 56 
7.2.12 Loads resulting from connected piping and attachments ................................................... 56 
7.2.13 Foundation settlement loads .......................................................................................................... 57 
7.2.14 Emergency loads ................................................................................................................................. 57 
7.2.15 Load combinations ............................................................................................................................. 57 

8 Tank bottoms ....................................................................................................................................... 59 
8.1 General ................................................................................................................................................... 59 
8.2 Materials ................................................................................................................................................ 59 
8.3 Design ..................................................................................................................................................... 61 
8.1 Fabrication ............................................................................................................................................ 62 

9 Shell design ........................................................................................................................................... 65 
9.1 Design and test stress........................................................................................................................ 65 
9.2 Internal loads ....................................................................................................................................... 67 
9.3 Wind and vacuum loads ................................................................................................................... 69 
9.3.1 Stiffening rings ..................................................................................................................................... 69 
9.3.2 Primary stiffening rings ................................................................................................................... 69 
9.3.3 Secondary stiffening ring (wind girder) design ...................................................................... 73 
9.3.4 Shell axial compression .................................................................................................................... 75 
9.4 Design of tanks at elevated temperatures ................................................................................. 76 
9.4.1 Effect of elevated temperature to minimum specified Yield Strength or 0.2% Proof 

Strength  of steels ............................................................................................................................... 76 
9.4.2 Effect of elevated temperature to Young’s moduli of steels ................................................ 77 
9.5 Additional use of Eurocode ............................................................................................................. 77 

10 Fixed roof design ................................................................................................................................. 78 
10.1 Loads ....................................................................................................................................................... 78 
10.2 Type of roof ........................................................................................................................................... 78 
10.3 Roof plating with supporting structure ...................................................................................... 78 
10.3.1 Design of roof supporting structure ............................................................................................ 78 
10.3.2 Design of roof plates .......................................................................................................................... 79 
10.3.3 Roof plate thickness........................................................................................................................... 79 
10.3.4 Roof structural member construction materials .................................................................... 79 

Full document details: 25/30481842 DC

http://www.avadocuments.com/doc/25-30481842-dc
http://www.avadocuments.com/doc/25-30481842-dc


prEN 14015:2025 (E) 

4 

 

10.3.5 Roof plate welding .............................................................................................................................. 79 
10.3.6 Joint efficiency...................................................................................................................................... 79 
10.3.7 Roof framing ......................................................................................................................................... 80 
10.4 Roof plate without supporting structure (membrane roofs) ............................................. 80 
10.5 Compression area at the junction of the shell and roof ........................................................ 81 
10.6 Internal floating roofs ....................................................................................................................... 85 

11 Floating roof design ........................................................................................................................... 85 
11.1 General.................................................................................................................................................... 85 
11.2 Roof types .............................................................................................................................................. 85 
11.2.1 General.................................................................................................................................................... 85 
11.2.2 Single deck metallic floating roof .................................................................................................. 86 
11.2.3 Double deck metallic floating roof ............................................................................................... 87 
11.2.4 A non-metallic composite low profile floating roof ................................................................ 88 
11.3 Design ...................................................................................................................................................... 89 
11.3.1 General.................................................................................................................................................... 89 
11.3.2 Buoyancy ................................................................................................................................................ 90 
11.3.3 Structural design ................................................................................................................................. 94 
11.3.4 Roof stability under wind load ....................................................................................................... 95 
11.3.5 Pontoon manholes .............................................................................................................................. 95 
11.3.6 Roof manhole ....................................................................................................................................... 95 
11.3.7 Centring and anti-rotation devices ............................................................................................... 95 
11.3.8 Main roof drains .................................................................................................................................. 96 
11.3.9 Emergency drains ............................................................................................................................... 98 
11.3.10 Drain plugs .................................................................................................................................... 99 
11.3.11 Automatic bleeder vents and rim vents ............................................................................. 99 
11.3.12 Seals .............................................................................................................................................. 100 
11.3.13 Support legs ............................................................................................................................... 100 
11.3.14 Gauging device .......................................................................................................................... 102 
11.3.15 Rolling ladder ........................................................................................................................... 102 
11.3.16 Earthing cables ......................................................................................................................... 102 
11.3.17 Foam dam ................................................................................................................................... 103 
11.4 Prefabrication in the workshop ................................................................................................. 103 
11.5 Marking, packing, handling, transport ..................................................................................... 103 
11.5.1 General................................................................................................................................................. 103 
11.5.2 Repair after damage during handling operations ............................................................... 103 
11.6 Assembly ............................................................................................................................................. 103 
11.7 Welding ................................................................................................................................................ 104 
11.7.1 General................................................................................................................................................. 104 
11.7.2 Support legs ....................................................................................................................................... 104 
11.7.3 Bulkheads ........................................................................................................................................... 104 
11.8 Inspection and testing .................................................................................................................... 104 
11.8.1 Welds .................................................................................................................................................... 104 
11.8.2 Pontoons ............................................................................................................................................. 104 
11.8.3 Checks .................................................................................................................................................. 104 
11.8.4 Drains ................................................................................................................................................... 105 
11.9 Documentation ................................................................................................................................. 105 

12 Tank anchorage ................................................................................................................................ 105 
12.1 General................................................................................................................................................. 105 
12.1.1 Conditions for provision of tank anchorage........................................................................... 105 
12.1.2 Tank Contents that contributes to the resistance weight of the tank ........................... 106 
12.1.3 Stability Formula.............................................................................................................................. 107 
12.1.4 Sliding friction ................................................................................................................................... 109 

Full document details: 25/30481842 DC

http://www.avadocuments.com/doc/25-30481842-dc
http://www.avadocuments.com/doc/25-30481842-dc


prEN 14015:2025 (E) 

5 

 

12.1.5 Compressive loads in shell due to overturning .................................................................... 109 
12.2 Anchorage attachment ................................................................................................................... 109 
12.3 Anchor bolt or strap........................................................................................................................ 110 
12.3.1 Allowable tensile stress ................................................................................................................. 110 
12.3.2 Cross-sectional area........................................................................................................................ 110 
12.3.3 Anchor load to resist uplift........................................................................................................... 110 

13 Mountings ........................................................................................................................................... 111 
13.1 Nozzles and manholes .................................................................................................................... 111 
13.1.1 General ................................................................................................................................................ 111 
13.1.2 Shell nozzles (excluding manholes) .......................................................................................... 112 
13.1.3 Roof nozzles (excluding manholes) .......................................................................................... 113 
13.1.4 Shell and roof manholes ................................................................................................................ 115 
13.2 Nozzle reinforcements ................................................................................................................... 116 
13.3 Studded pad connections .............................................................................................................. 123 
13.4 Nozzle loads ....................................................................................................................................... 123 
13.5 Flush type clean-out doors and water draw-off sumps ..................................................... 123 
13.5.1 General ................................................................................................................................................ 123 
13.5.2 Flush type clean-out doors ........................................................................................................... 123 
13.5.3 Water draw-off sumps ................................................................................................................... 123 
13.5.4 Combined water draw-off and clean-out sump .................................................................... 124 
13.6 Nozzle welding details ................................................................................................................... 124 
13.7 Flanges ................................................................................................................................................. 124 
13.8 Post-weld heat treatment of nozzles ........................................................................................ 125 
13.9 Heating and/or cooling systems ................................................................................................ 125 
13.10 Stairways and walkways ............................................................................................................... 127 
13.11 Handrailing ........................................................................................................................................ 127 
13.12 Ladders ................................................................................................................................................ 128 
13.13 Earthing connections...................................................................................................................... 128 
13.14 Permanent attachments ................................................................................................................ 129 
13.15 Temporary attachments ............................................................................................................... 129 
13.16 Insulation ............................................................................................................................................ 129 

14 Venting requirements .................................................................................................................... 129 
14.1 General ................................................................................................................................................ 129 
14.2 Scope of venting provided ............................................................................................................ 129 
14.3 Venting capacity ............................................................................................................................... 130 
14.3.1 General ................................................................................................................................................ 130 
14.3.2 Set pressure of pressure /vacuum relief valves in relation to design and test pressure 

of tanks (see 5.1 and 9.1.1) .......................................................................................................... 130 
14.4 Requirements to design/install Emergency pressure relief venting systems .......... 130 
14.4.1 Malfunction of blanketing system ............................................................................................. 130 
14.4.2 Other possible causes ..................................................................................................................... 130 
14.5 Requirements to design/install Emergency vacuum relief venting systems............. 131 

15 Shop fabrication of tank components ...................................................................................... 131 
15.1 General ................................................................................................................................................ 131 
15.2 Reception and identification of materials .............................................................................. 131 
15.3 Handling and storage of materials ............................................................................................ 131 
15.4 Material markings ........................................................................................................................... 131 
15.5 Plate preparation and tolerances .............................................................................................. 132 
15.6 Preparation of nozzle components ........................................................................................... 132 
15.7 Plate forming and tolerances ...................................................................................................... 132 
15.8 Openings ............................................................................................................................................. 133 

Full document details: 25/30481842 DC

http://www.avadocuments.com/doc/25-30481842-dc
http://www.avadocuments.com/doc/25-30481842-dc


prEN 14015:2025 (E) 

6 

 

15.8.1 Nozzles ................................................................................................................................................. 133 
15.8.2 Inspection windows ........................................................................................................................ 133 
15.8.3 Nozzles for mixers ........................................................................................................................... 133 
15.8.4 Clean-out doors ................................................................................................................................ 133 
15.8.5 Reinforcement plates ..................................................................................................................... 133 
15.8.6 Insert plates ....................................................................................................................................... 134 
15.9 Welding ................................................................................................................................................ 134 
15.10 Surface condition ............................................................................................................................. 134 
15.11 Marking for erection purposes ................................................................................................... 134 
15.12 Packing, handling and transport to site................................................................................... 134 

16 Site erection and tolerances ........................................................................................................ 135 
16.1 General................................................................................................................................................. 135 
16.2 Foundations ....................................................................................................................................... 135 
16.2.1 General................................................................................................................................................. 135 
16.2.2 Peripheral tolerance ....................................................................................................................... 136 
16.2.3 Foundation surface tolerance ..................................................................................................... 136 
16.2.4 Tolerances after the hydro test .................................................................................................. 136 
16.3 Anchor points .................................................................................................................................... 137 
16.4 Handling and storage ..................................................................................................................... 137 
16.5 Rectification of parts damaged during transportation and handling ........................... 137 
16.6 Bottom plates .................................................................................................................................... 137 
16.7 Shell tolerances ................................................................................................................................ 138 
16.7.1 Assembly tolerances of first shell course on flat bottom .................................................. 138 
16.7.2 Tolerance on shell geometry ....................................................................................................... 138 
16.7.3 Vertical tolerance ............................................................................................................................ 139 
16.7.4 Tolerances on alignment of plates ............................................................................................. 139 
16.7.5 Tolerances on shape of welded joints ...................................................................................... 139 
16.7.6 Primary and secondary stiffening rings (wind girders) .................................................... 140 
16.8 Fixed roofs .......................................................................................................................................... 140 
16.8.1 General................................................................................................................................................. 140 
16.8.2 Support framework ......................................................................................................................... 140 
16.8.3 Roof plates .......................................................................................................................................... 140 
16.8.4 Roof plating and roof structure .................................................................................................. 141 
16.8.5 Frangible roofs .................................................................................................................................. 141 
16.9 Nozzles ................................................................................................................................................. 141 
16.10 External attachments ..................................................................................................................... 141 
16.11 Internal attachments ...................................................................................................................... 141 
16.12 Temporary attachments ................................................................................................................ 141 

17 Approval of welding procedures and welders ...................................................................... 141 
17.1 General................................................................................................................................................. 141 
17.2 Welding procedure approval ....................................................................................................... 142 
17.2.1 General................................................................................................................................................. 142 
17.2.2 Welding of test pieces ..................................................................................................................... 142 
17.2.3 Examination and testing of test pieces ..................................................................................... 142 
17.2.4 Measuring Ferrite Content in austenitic‐ferritic steels ..................................................... 142 
17.3 Welding Procedure Qualification Record (WPQR) .............................................................. 143 
17.3.1 Preparation ........................................................................................................................................ 143 
17.3.2 Range of approval ............................................................................................................................ 143 
17.4 Welders and welding operators approval .............................................................................. 143 
17.5 Production control test plates ..................................................................................................... 143 
17.5.1 Horizontal welds .............................................................................................................................. 143 
17.5.2 Vertical welds .................................................................................................................................... 143 

Full document details: 25/30481842 DC

http://www.avadocuments.com/doc/25-30481842-dc
http://www.avadocuments.com/doc/25-30481842-dc


prEN 14015:2025 (E) 

7 

 

18 Welding ............................................................................................................................................... 144 
18.1 General ................................................................................................................................................ 144 
18.2 Welding sequences .......................................................................................................................... 144 
18.3 Welding of bottoms ......................................................................................................................... 144 
18.3.1 Removal of coatings ........................................................................................................................ 144 
18.3.2 Annular ring plates ......................................................................................................................... 144 
18.3.3 Bottom plates .................................................................................................................................... 144 
18.4 Welding of shell to bottom ........................................................................................................... 144 
18.5 Welding of shell ................................................................................................................................ 145 
18.6 Welding of roof ................................................................................................................................. 145 
18.7 Temporary welds ............................................................................................................................. 145 
18.8 Atmospheric conditions ................................................................................................................ 145 
18.9 Preheating .......................................................................................................................................... 145 
18.10 Post-weld heat treatment ............................................................................................................. 145 
18.1 Repair welding .................................................................................................................................. 147 

19 Testing and inspection................................................................................................................... 147 
19.1 General ................................................................................................................................................ 147 
19.2 Qualification of NDT personnel .................................................................................................. 147 
19.3 Test procedures ............................................................................................................................... 147 
19.4 Type of inspections and examinations .................................................................................... 148 
19.4.1 Inspection of materials .................................................................................................................. 148 
19.4.2 Examinations of edges to be welded and joint preparations........................................... 148 
19.4.3 Visual examination during fabrication and erection.......................................................... 148 
19.4.4 Type and extent of examination and test of welds .............................................................. 148 
19.4.6 Additional examinations if imperfections are found.......................................................... 155 
19.4.7 General ................................................................................................................................................ 155 
19.5 Vacuum box test ............................................................................................................................... 156 
19.6 Penetrant test.................................................................................................................................... 156 
19.7 Magnetic particle examination ................................................................................................... 157 
19.8 Soap bubble examination ............................................................................................................. 157 
19.8.1 Reinforcement plates ..................................................................................................................... 157 
19.8.2 Fixed roof, roof nozzles and roof to shell ................................................................................ 157 
19.8.3 Shell to bottom with double fillet weld .................................................................................... 157 
19.9 Radiographic examination ........................................................................................................... 158 
19.9.1 General procedure .......................................................................................................................... 158 
19.9.2 Storage of films ................................................................................................................................. 158 
19.10 Ultrasonic examination ................................................................................................................. 158 
19.11 Imperfection acceptance criteria ............................................................................................... 159 
19.12 Acceptable thinning after grinding ........................................................................................... 162 
19.13 Dimensional check .......................................................................................................................... 162 
19.14 Hydrostatic and pneumatic tests ............................................................................................... 162 
19.14.1 General ........................................................................................................................................ 162 
19.14.2 Hydrostatic test liquid level ................................................................................................ 163 
19.14.3 Pneumatic test pressure ....................................................................................................... 163 
19.14.4 Conditions of implementation ............................................................................................ 163 
19.14.5 Examination during filling ................................................................................................... 163 
19.14.6 Filling ........................................................................................................................................... 164 
19.14.7 Checking and pneumatic testing of roof  (valid for all types of fixed roof tanks).

 165 
19.14.8 Test for tank stability under negative pressure (vacuum test) .............................. 166 
19.14.9 Tank settlement during hydrostatic test ........................................................................ 166 
19.15 Empty checks ..................................................................................................................................... 170 

Full document details: 25/30481842 DC

http://www.avadocuments.com/doc/25-30481842-dc
http://www.avadocuments.com/doc/25-30481842-dc


prEN 14015:2025 (E) 

8 

 

19.16 Accessories ......................................................................................................................................... 171 
19.16.1 External accessories ............................................................................................................... 171 
19.16.2 Internal accessories ................................................................................................................ 171 

20 Documentation and name-plate ................................................................................................. 171 
20.1 Documentation ................................................................................................................................. 171 
20.2 Name plate .......................................................................................................................................... 173 

Annex A (normative)  Information and requirements to be documented ................................ 175 
A.1 Information to be supplied by the purchaser ........................................................................ 175 
A.2 Information agreed between te purchaser and the manufacturer ................................ 177 
A.3 Information to be supplied by the manufacturer ................................................................ 178 
A.4 Information to be supplied by the steel manufacturer ...................................................... 179 
A.5 Information to be agreed between the steel manufacturer and the tank manufacturer

 ................................................................................................................................................................ 179 
A.6 Information to be agreed between the purchaser and the internal floating roof 

supplier ............................................................................................................................................... 179 
A.7 Information to be agreed between the tank manufacturer and the internal floating 

roof supplier ...................................................................................................................................... 179 
A.8 Information to be supplied by the internal floating roof supplier ................................ 180 
A.9 Information to be agreed between the purchaser and the supplier of the aluminium 

dome roof covering an open top steel tank ............................................................................ 180 
A.10 Information to be agreed between the tank manufacturer and the supplier of the 

aluminium dome roof ..................................................................................................................... 181 
A.11 Information to be supplied by the supplier of the aluminium dome roof .................. 181 
A.12 Information to be supplied by the tank manufacturer and the supplier of the rim seals 

to floating roofs (if applicable) ................................................................................................... 181 
A.13 Information to be supplied by the supplier of floating roof rim seals (if applicable)

 ................................................................................................................................................................ 181 

Annex B (informative)  Operational and safety considerations for storage tanks ................ 182 
B.1 General................................................................................................................................................. 182 
B.2 Tank type ............................................................................................................................................ 182 
B.2.1 Stored product .................................................................................................................................. 182 
B.2.2 Selection of storage tank type based on best efficiency with respect to Volatile Organic 

Compound (VOC) emission reduction ...................................................................................... 182 
Possible scenarios to mitigate risks of fire and to enhance safety of personnel during 

required access to floating roofs: ............................................................................................... 184 
B.2.3 Local climatic and geological conditions ................................................................................. 185 
B.3 Health, safety and environmental considerations ............................................................... 185 
B.4 Attachments to tanks for safety or fire fighting facilities .................................................. 186 

Annex C (normative)  Requirements for internal floating roofs ................................................... 187 
C.1 General................................................................................................................................................. 187 
C.2 Types of internal floating roofs .................................................................................................. 187 
C.3 Design and construction requirements ................................................................................... 190 
C.3.1 Design ................................................................................................................................................... 190 

C.3.1.1 Design information ......................................................................................................................... 190 

C.3.1.1.1 General ........................................................................................................................................ 190 

C.3.1.1.2 Load comination for floating roof supports ................................................................... 190 

C.3.1.1.3 Information to be agreed ...................................................................................................... 191 

C.3.1.2 Buoyancy ............................................................................................................................................. 191 

Full document details: 25/30481842 DC

http://www.avadocuments.com/doc/25-30481842-dc
http://www.avadocuments.com/doc/25-30481842-dc


prEN 14015:2025 (E) 

9 

 

C.3.1.2.1 General ........................................................................................................................................ 191 

C.3.1.2.2 Metallic internal floating roofs on floats (Type 1) ...................................................... 191 

C.3.1.2.3 Metal/foam sandwich, metal/honeycomb, and GRP internal floating roofs (Types 
2, 3 & 4) ............................................................................................................................................... 191 

C.3.1.2.4 Metal pan, pontoon or double deck internal floating roofs (Types 5, 6 and 7) 192 

C.3.1.3 Assembled clearances .................................................................................................................... 192 

C.3.1.4 Material compatibility ................................................................................................................... 192 

C.3.1.5 Emission reduction efficiency ..................................................................................................... 192 

C.3.1.5.1 General ........................................................................................................................................ 192 

C.3.1.5.2 Vents in fixed roofs above an internal floating roof ................................................... 192 

C.3.1.5.2.1 General .................................................................................................................................. 192 

C.3.1.5.2.2 Free vents ............................................................................................................................. 193 

C.3.1.5.2.3 Control vents ....................................................................................................................... 193 

C.3.1.6 Electrical resistance ........................................................................................................................ 194 

C.3.1.7 Fire protection .................................................................................................................................. 194 
C.3.2 Materials of construction .............................................................................................................. 194 

C.3.2.1 General ................................................................................................................................................ 194 

C.3.2.2 Metal sheet for internal floating roof ....................................................................................... 194 

C.3.2.2.1 Steel .............................................................................................................................................. 194 

C.3.2.2.2 Aluminium ................................................................................................................................. 194 

C.3.2.2.3 Stainless steel ........................................................................................................................... 194 

C.3.2.3 Peripheral (rim) seals .................................................................................................................... 194 

C.3.2.4 Joints..................................................................................................................................................... 195 

C.3.2.5 Corrosion allowance ....................................................................................................................... 195 
C.3.3 Internal floating roof fittings ....................................................................................................... 195 

C.3.3.1 Manholes ............................................................................................................................................. 195 

C.3.3.2 Supports .............................................................................................................................................. 195 

C.3.3.3 Bleeder vents..................................................................................................................................... 196 

C.3.3.4 Drains ................................................................................................................................................... 196 

C.3.3.5 Dissipation of static electricity ................................................................................................... 197 

C.3.3.6 Anti-rotation and centralization ................................................................................................ 197 

C.3.3.7 Tank gauging and sampling ......................................................................................................... 197 

C.3.3.8 Internal floating roof penetrations ........................................................................................... 198 

C.3.3.9 Level alarms....................................................................................................................................... 198 

C.3.3.10 Floating suction devices ........................................................................................................ 198 

C.3.3.11 Inlet diffuser .............................................................................................................................. 198 
C.4 Installation ......................................................................................................................................... 198 
C.4.1 Tank examination............................................................................................................................ 198 

Full document details: 25/30481842 DC

http://www.avadocuments.com/doc/25-30481842-dc
http://www.avadocuments.com/doc/25-30481842-dc


prEN 14015:2025 (E) 

10 

 

C.4.2 Examination and installation of the internal floating roof ............................................... 199 
C.4.3 Tests ...................................................................................................................................................... 199 

C.4.3.1 Flotation test ...................................................................................................................................... 199 

C.4.3.2 Electrical resistance test ............................................................................................................... 199 
C.5 Documentation ................................................................................................................................. 199 

Annex D (Informative)  Detailed design requirements for floating roofs ................................. 200 
D.1 General................................................................................................................................................. 200 
D.2 Deisgn cases ....................................................................................................................................... 201 
D.2.1 General................................................................................................................................................. 201 
D.2.2 Normal operation ............................................................................................................................ 201 
D.2.3 Wind Loads ......................................................................................................................................... 202 
D.2.4 250mm of rain water ...................................................................................................................... 202 
D.2.5 Two punctured pontoons and a punctured central diaphragm ...................................... 203 
D.2.6 The roof resting on its support legs .......................................................................................... 203 
D.2.7 Special design cases ........................................................................................................................ 204 
D.3 Load conditions ................................................................................................................................ 205 
D.3.1 General................................................................................................................................................. 205 
D.3.2 Dead weight ....................................................................................................................................... 205 
D.3.3 Dead weight of rolling ladder + rail track of rolling ladder ............................................. 206 

D.3.3.1 General................................................................................................................................................. 206 

D.3.3.2 Rolling ladder design ...................................................................................................................... 207 
D.3.4 Hydrostatic loads ............................................................................................................................. 208 

D.3.4.1 General................................................................................................................................................. 208 

D.3.4.2 Reduced hydrostatic pressure for submerged plates ......................................................... 208 

D.3.4.3 Hydrostatic pressure on internal surfaces adjacent to submerged pontoons .......... 208 

D.3.4.4 Accumulated rainwater ................................................................................................................. 209 
D.3.5 Wind loads (see also EN 1991-1-4) ............................................................................................ 210 
D.3.6 Deck Loading ..................................................................................................................................... 212 
D.3.7 Pontoon buckling load ................................................................................................................... 213 
D.3.8 Roof Leg Loading .............................................................................................................................. 214 
D.4 Stress checks ...................................................................................................................................... 216 
D.5 Maximum liquid height on top of centre deck ....................................................................... 217 

Annex E (normative)  Requirements for rim seals for floating roofs .......................................... 218 
E.1 General................................................................................................................................................. 218 
E.2 Seal design and seal materials .................................................................................................... 218 
E.3 Material selection ............................................................................................................................ 219 
E.4 Floating roof seal types .................................................................................................................. 220 
E.4.1 General................................................................................................................................................. 220 
E.4.2 Functions of rim seals .................................................................................................................... 220 
E.4.3 Types of rim seals ............................................................................................................................ 220 

E.4.3.1 General................................................................................................................................................. 220 

E.4.3.2 Mechanical shoe seals .................................................................................................................... 221 

E.4.3.2.1 General ........................................................................................................................................ 221 

E.4.3.2.2 Design condition of penetration of shoe in product ................................................... 221 

E.4.3.3 Vapour mounted seals ................................................................................................................... 223 

Full document details: 25/30481842 DC

https://doi.org/10.3403/03252196U?&urlappend=%26utm_campaign=pdfdoi%26utm_source=pdfdoi%26utm_medium=pdf
http://www.avadocuments.com/doc/25-30481842-dc
http://www.avadocuments.com/doc/25-30481842-dc


prEN 14015:2025 (E) 

11 

 

E.4.3.4 Liquid mounted seals ..................................................................................................................... 225 
E.5 Secondary seals and weather shields ....................................................................................... 228 
E.5.1 Secondary seals ................................................................................................................................ 228 
E.5.2 Weather shields ............................................................................................................................... 229 
E.6 Components of a floating roof that are linked to a proper seal design ........................ 229 
E.6.1 Foam dam ........................................................................................................................................... 229 
E.6.2 Earth connections ............................................................................................................................ 229 
E.6.3 Fire detection system ..................................................................................................................... 230 
E.6.4 Maximum seal operating height ................................................................................................. 230 
E.7 Installation ......................................................................................................................................... 230 
E.8 Inspection and Testing .................................................................................................................. 230 
E.9 Documentation ................................................................................................................................. 231 

Annex F (normative)  Selection of carbon, carbon manganese and stainless steel materials to 
alternative specifications to those in 6.1 and 6.2 ................................................................. 232 

F.1 Alternative national standards ................................................................................................... 232 
F.2 Carbon and carbon manganese steel ........................................................................................ 232 
F.2.1 General requirements .................................................................................................................... 232 
F.2.2 Chemical composition .................................................................................................................... 232 
F.2.3 Mechanical properties ................................................................................................................... 235 
F.2.4 Impact testing ................................................................................................................................... 235 

F.2.4.1 General ................................................................................................................................................ 235 

F.2.4.2 Impact properties ............................................................................................................................ 236 
F.3 Stainless steel .................................................................................................................................... 238 
F.3.1 General requirements .................................................................................................................... 238 
F.3.2 Chemical composition and grade families of stainless steels .......................................... 238 
F.3.3 Mechanical properties and impact toughness ...................................................................... 238 
F.3.4 Impact testing ................................................................................................................................... 239 

F.3.4.1 General ................................................................................................................................................ 239 

F.3.4.2 Impact properties ............................................................................................................................ 239 

Annex G (informative)  Recommendations for seismic provisions for storage tanks .......... 240 
G.1 Introduction ...................................................................................................................................... 240 
G.2 References .......................................................................................................................................... 240 
G.3 General ................................................................................................................................................ 240 
G.3.1 Seismic action ................................................................................................................................... 240 

G.3.1.1 General ................................................................................................................................................ 240 

G.3.1.2 Spectra - General .............................................................................................................................. 241 

G.3.1.3 Damping (ξ) ....................................................................................................................................... 241 

G.3.1.4 Behaviour coefficient (q) .............................................................................................................. 242 

G.3.1.5 Design spectra................................................................................................................................... 242 

G.3.1.6 Allowable “Hoop stresses” ............................................................................................................ 243 

G.3.1.7 Anchorage Ratio ............................................................................................................................... 243 

G.3.1.8 Verification of elastic buckling in SSE and OBE .................................................................... 244 

G.3.1.9 Elastic-plastic collapse in SSE and OBE .................................................................................... 244 
G.4 Flow charts for calculation of hydrodynamic effects in vertical cylindrical tanks .. 244 
G.5 Rigid vertical circular tanks on-ground, fixed to the foundation ................................... 252 
G.5.1 Horizontal seismic action ............................................................................................................. 252 

Full document details: 25/30481842 DC

http://www.avadocuments.com/doc/25-30481842-dc
http://www.avadocuments.com/doc/25-30481842-dc


prEN 14015:2025 (E) 

12 

 

G.5.1.1 Rigid impulsive pressure .............................................................................................................. 252 

G.5.1.2 Convective pressure component ................................................................................................ 253 
G.5.2 Vertical component of the seismic action ............................................................................... 255 

G.5.2.1 Rigid mode (pvr) .............................................................................................................................. 255 

G.5.2.2 Flexible mode (pvf) ......................................................................................................................... 255 
G.6 Flexible wall impulsive horizontal seismic action ............................................................... 256 
G.7 Soil-structure interaction effects for tanks on-ground ...................................................... 257 
G.7.1 General................................................................................................................................................. 257 
G.7.2 Simple procedure ............................................................................................................................. 257 

G.7.2.1 Introduction ....................................................................................................................................... 257 

G.7.2.2 Modified natural periods .............................................................................................................. 258 

G.7.2.3 Modified damping values .............................................................................................................. 258 
G.8 Combination of action effects of impulsive and convective pressures ......................... 259 
G.9 Combination of the effects of the horizontal and the vertical components of the 

seismic action - Hoop stresses ..................................................................................................... 260 
G.10 Seismic base shear and overturning moment ....................................................................... 260 
G.11 Seismic response .............................................................................................................................. 261 
G.11.1 General................................................................................................................................................. 261 
G.11.2 Compressive vertical membrane stress .................................................................................. 261 

G.11.2.1 Shell compression in unanchored tanks (AR ≤ 0.785) ............................................... 261 

G.11.2.2 Shell compression when AR > 0.785 for anchored tanks .......................................... 262 
G.11.3 Shell compression in unanchored tanks (0,785 <AR ≤ 1,54) – Compressive vertical 

membrane forces and stress in the wall due to uplift ........................................................ 262 
G.11.4 Shell uplift and uplifted length of the base plate .................................................................. 262 
G.11.5 Radial membrane stresses in the base plate ......................................................................... 264 
G.11.6 Plastic rotation of the base plate ................................................................................................ 265 
G.12 Verification of steel tanks ............................................................................................................. 265 
G.12.1 Hoop stresses .................................................................................................................................... 265 
G.12.2 Verification of meridional (axial) compression with coexistent internal pressure 266 

G.12.2.1 General ........................................................................................................................................ 266 

G.12.2.2 Pressurised critical meridional buckling stress .......................................................... 266 

G.12.2.3 Pressurised meridional buckling parameters .............................................................. 266 

G.12.2.4 Meridional (axial) allowable compressive stress ........................................................ 268 
G.13 Worked example calculation of seismic design to an un-anchored storage tanks .. 268 
G.13.1 General................................................................................................................................................. 268 
G.13.2 Seismic Data ....................................................................................................................................... 270 
G.13.3 SSE Design ........................................................................................................................................... 272 
G.13.4 Natural periods ................................................................................................................................. 273 
G.13.5 Hoop stresses verification ............................................................................................................ 275 

Annex H (informative)  Recommendations for special bottom types ......................................... 290 
H.1 General................................................................................................................................................. 290 
H.2 Non-fully supported bottoms ...................................................................................................... 290 
H.3 Double bottoms ................................................................................................................................ 292 
H.3.1 General................................................................................................................................................. 292 
H.3.2 Terms and definitions .................................................................................................................... 292 
H.3.3 General requirements .................................................................................................................... 292 
H.3.4 Design types ....................................................................................................................................... 293 

Full document details: 25/30481842 DC

http://www.avadocuments.com/doc/25-30481842-dc
http://www.avadocuments.com/doc/25-30481842-dc


prEN 14015:2025 (E) 

13 

 

H.3.5 Planning .............................................................................................................................................. 294 
H.3.6 Design .................................................................................................................................................. 295 
H.3.7 Materials ............................................................................................................................................. 297 
H.3.8 Preparation ........................................................................................................................................ 297 
H.3.9 Installation ......................................................................................................................................... 297 
H.3.10 Acceptable deviations of the upper bottom from the specified dimensions ............. 297 
H.3.11 Welding ............................................................................................................................................... 298 

H.3.11.1 General ........................................................................................................................................ 298 

H.3.11.2 Weld quality .............................................................................................................................. 298 

H.3.11.3 Thermal treatment ................................................................................................................. 298 

H.3.11.4 Weld inspection ....................................................................................................................... 298 
H.3.12 Inspection after installation of the leak protection lining. ............................................... 299 
H.3.13 Marking ............................................................................................................................................... 300 
H.3.14 Leak detection system Class 1 ..................................................................................................... 300 

H.3.14.1 Scope ............................................................................................................................................ 300 

H.3.14.2 Design .......................................................................................................................................... 300 

H.3.14.3 Requirements to be fulfilled by the leak detector ....................................................... 301 

H.3.14.4 Marking ....................................................................................................................................... 302 

H.3.14.5 leakage detection system Class 2 ....................................................................................... 302 

H.3.14.6 Scope ............................................................................................................................................ 302 

H.3.14.7 Design .......................................................................................................................................... 302 

H.3.14.8 Test following installation of the sensor system. ........................................................ 304 

H.3.14.9 Requirements for the installation of leakage detection systems........................... 304 

H.3.14.10 In service Tests ................................................................................................................... 304 

H.3.14.11 Identification ...................................................................................................................... 304 
H.3.15 Further leak/leakage detection systems ................................................................................ 304 
H.3.16 Calculation requirements ............................................................................................................. 305 
H.4 Elevated or beam supported tanks ........................................................................................... 305 

Annex I (informative)  Recommendations for tank foundations ................................................. 306 
I.1 General ................................................................................................................................................ 306 
I.2 Soil investigation ............................................................................................................................. 306 
I.2.1 General ................................................................................................................................................ 306 
I.2.2 Ground water table ......................................................................................................................... 306 
I.2.3 Seismic investigations .................................................................................................................... 306 
I.2.4 Sites to be avoided ........................................................................................................................... 307 
I.3 Foundation design ........................................................................................................................... 307 
I.3.1 General ................................................................................................................................................ 307 
I.3.2 Loading conditions .......................................................................................................................... 307 
I.3.3 Allowable soil  bearing pressures.............................................................................................. 307 
I.3.4 Estimated or predicted  Settlements ........................................................................................ 307 
I.3.5 Soil improvement and piling ....................................................................................................... 308 
I.3.6 Resistance to uplift .......................................................................................................................... 308 
I.4 Types of foundations ...................................................................................................................... 308 

Annex J (informative)  Example calculations of shell stability and stiffening rings .............. 310 
J.1 Worked examples of design of secondary stiffening rings (wind girders) ................. 310 

Full document details: 25/30481842 DC

http://www.avadocuments.com/doc/25-30481842-dc
http://www.avadocuments.com/doc/25-30481842-dc


prEN 14015:2025 (E) 

14 

 

J.2 Example 1 ........................................................................................................................................... 310 
J.3 Example 2 ........................................................................................................................................... 314 

Annex K (normative)  Design rules for tanks with frangible roof to shell joints .................... 320 
K.1 General................................................................................................................................................. 320 
K.1.1 Purpose ................................................................................................................................................ 320 
K.1.2 Frangibility for unanchored fixed roof tanks ........................................................................ 320 
K.1.3 Frangibility of anchored fixed roof tanks ............................................................................... 321 
K.2 Construction ...................................................................................................................................... 321 
K.3 Materials ............................................................................................................................................. 321 
K.4 Design rules ....................................................................................................................................... 322 
The pressure calculated in K.4 should only be used to check the frangibility of a tank, and not 

for any other purpose. .................................................................................................................... 322 

Annex L (informative) .................................................................................................................................. 326 
L.1 General................................................................................................................................................. 326 
L.2 Example A: High pressure tank ................................................................................................... 326 
L.3 Example B: Low pressure tank .................................................................................................... 327 

Annex M (Informative)  Tank Anchorage .............................................................................................. 329 

Annex N (informative)  Weld details for the connection of mounting ........................................ 341 
N.1 Set-through mountings .................................................................................................................. 341 
N.2 Set-on mountings ............................................................................................................................. 343 
N.3 Studded pad connections .............................................................................................................. 344 
N.4 Roof nozzles ....................................................................................................................................... 344 

Annex O (informative)  Flush-type doors and water draw-off sumps ........................................ 346 
O.1 Flush-type doors............................................................................................................................... 346 
O.1.1 General................................................................................................................................................. 346 
O.1.2 Flush-type doors with insert plate reinforcement .............................................................. 346 
O.1.3 Flush-type doors with plate reinforcement ........................................................................... 349 
O.2 Water-draw-off sumps ................................................................................................................... 352 
O.3 Combined water draw-off and clean-out sump ..................................................................... 352 

Annex P (informative)  Heating and/or cooling systems ................................................................ 356 
P.1 General................................................................................................................................................. 356 
P.2 Heat transfer fluid ........................................................................................................................... 356 
P.3 Type of heating or cooling devices ............................................................................................ 356 
P.4 Installation ......................................................................................................................................... 357 

Annex Q (informative)  Recommendations for the design and application of insulation ... 359 
Q.1 General................................................................................................................................................. 359 
Q.2 Design considerations .................................................................................................................... 360 
Q.2.1 General................................................................................................................................................. 360 
Q.2.2 Dead load ............................................................................................................................................ 360 
Q.2.3 Wind loads .......................................................................................................................................... 360 
Q.2.4 Thermal expansion ......................................................................................................................... 360 
Q.2.5 Movements due to hydrostatic pressure ................................................................................. 360 
Q.3 Mechanical support arrangement ............................................................................................. 361 
Q.3.1 General................................................................................................................................................. 361 
Q.3.2 Supports attached by welding ..................................................................................................... 361 
Q.3.3 Supports attached by adhesive ................................................................................................... 363 

Q.3.3.1 General................................................................................................................................................. 363 

Q.3.3.2 Procedure tests ................................................................................................................................. 363 

Full document details: 25/30481842 DC

http://www.avadocuments.com/doc/25-30481842-dc
http://www.avadocuments.com/doc/25-30481842-dc


prEN 14015:2025 (E) 

15 

 

Q.3.3.3 Qualification tests ............................................................................................................................ 363 

Q.3.3.4 Acceptance tests ............................................................................................................................... 364 
Q.3.4 External structural frame ............................................................................................................. 364 
Q.3.5 Secondary support members ...................................................................................................... 364 
Q.3.6 Roof insulation ................................................................................................................................. 364 
Q.4 Design details .................................................................................................................................... 364 
Q.4.1 Nozzles and manholes .................................................................................................................... 364 
Q.4.2 Stairway connections ..................................................................................................................... 365 
Q.4.3 Supports near stiffening rings (wind girders) ...................................................................... 365 
Q.4.4 Roof projection ................................................................................................................................. 365 
Q.4.5 Stiffening rings (wind girders) ................................................................................................... 366 
Q.4.6 External shell stiffening rings (wind girders) and bottom-to-shell insulation ......... 366 
Q.5 Corrosion protection ...................................................................................................................... 366 
Q.6 Insulation ............................................................................................................................................ 366 
Q.6.1 General ................................................................................................................................................ 366 
Q.6.2 Nozzle connections and manholes ............................................................................................ 368 
Q.6.3 Stiffening rings (wind girders) ................................................................................................... 369 
Q.7 Cladding .............................................................................................................................................. 370 
Q.7.1 General ................................................................................................................................................ 370 
Q.7.2 Side-wall cladding ........................................................................................................................... 371 
Q.7.3 Roofing cladding .............................................................................................................................. 371 
Q.8 Securing insulation materials ..................................................................................................... 371 
Q.8.1 Slab or block insulation with metal cladding ........................................................................ 371 

Q.8.1.1 Bonded man-made mineral fibre with metal cladding ...................................................... 371 

Q.8.1.2 Other slab or block insulation with metal cladding ............................................................ 372 

Q.8.1.3 Horizontal supports ........................................................................................................................ 372 
Q.8.2 In situ foam behind metal cladding ........................................................................................... 372 
Q.8.3 Spray foam ......................................................................................................................................... 372 
Q.8.4 Roofs ..................................................................................................................................................... 373 
Q.9 Fire hazard ......................................................................................................................................... 373 

Annex R (normative)  Surface finish ....................................................................................................... 374 
R.1 Internal surfaces in contact with the product ....................................................................... 374 
R.1.1 General ................................................................................................................................................ 374 
R.1.2 Carbon and carbon manganese steel tanks ............................................................................ 374 
R.1.3 Stainless steel tanks ........................................................................................................................ 374 

R.1.3.1 General ................................................................................................................................................ 374 

R.1.3.2 Level 1 Normal finish ..................................................................................................................... 374 

R.1.3.3 Level 2 Clean finish ......................................................................................................................... 375 

R.1.3.4 Level 3 Quality finish ...................................................................................................................... 376 
R.2 External surfaces ............................................................................................................................. 376 
R.2.1 General ................................................................................................................................................ 376 
R.2.2 Carbon and carbon manganese steel tanks ............................................................................ 377 
R.2.3 Stainless steel tanks ........................................................................................................................ 377 

Annex S (normative)  Self-Supporting aluminium roofs for storage tanks .............................. 378 
S.1 General ................................................................................................................................................ 378 
S.1.1 Purpose ............................................................................................................................................... 378 
S.1.2 Definition ............................................................................................................................................ 379 
S.1.3 General application ......................................................................................................................... 379 

Full document details: 25/30481842 DC

http://www.avadocuments.com/doc/25-30481842-dc
http://www.avadocuments.com/doc/25-30481842-dc


prEN 14015:2025 (E) 

16 

 

S.1.3.1 New tanks ........................................................................................................................................... 379 

S.1.3.2 Existing tanks .................................................................................................................................... 379 
S.1.4 Special features ................................................................................................................................ 379 

S.1.4.1 Self-supporting structure .............................................................................................................. 379 

S.1.4.2 Finish .................................................................................................................................................... 379 

S.1.4.3 Maintenance and Inspection ........................................................................................................ 380 

S.1.4.4 Jurisdictional Requirements........................................................................................................ 380 
S.2 Materials ............................................................................................................................................. 380 
S.2.1 General................................................................................................................................................. 380 
S.2.2 Structural frame ............................................................................................................................... 380 
S.2.3 Roof panels ......................................................................................................................................... 380 
S.2.4 Bolts and fasteners .......................................................................................................................... 380 
S.2.5 Sealant and gasket material ......................................................................................................... 380 
S.2.6 Skylight panels .................................................................................................................................. 380 
S.3 Allowable stresses ........................................................................................................................... 381 
S.3.1 Aluminium structural members ................................................................................................. 381 
S.3.2 Aluminium panels (See S.2.3) ...................................................................................................... 381 
S.3.3 Bolts and fasteners .......................................................................................................................... 381 
S.4 Design ................................................................................................................................................... 381 
S.4.1 Design principles ............................................................................................................................. 381 
S.4.2 Design loads ....................................................................................................................................... 383 

S.4.2.1 Loads on dome roofs ....................................................................................................................... 383 

S.4.2.2 Seismic load ....................................................................................................................................... 383 

S.4.2.3 Panel loads ......................................................................................................................................... 383 
S.4.3 Internal pressure ............................................................................................................................. 383 
S.5 Roof attachment ............................................................................................................................... 383 
S.5.1 Load transfer ..................................................................................................................................... 383 
S.5.2 Roof supports .................................................................................................................................... 384 

S.5.2.1 Sliding supports ................................................................................................................................ 384 

S.5.2.2 Fixed supports .................................................................................................................................. 384 
S.5.3 Separation of carbon steel and aluminium ............................................................................ 384 
S.5.4 Electrical grounding........................................................................................................................ 384 
S.6 Physical characteristics ................................................................................................................. 384 
S.6.1 Sizes ...................................................................................................................................................... 384 
S.6.2 Dome radius ....................................................................................................................................... 384 
S.7 Platforms, walkways, and handrails ......................................................................................... 384 
S.8 Appurtenances .................................................................................................................................. 384 
S.8.1 Roof hatches ....................................................................................................................................... 384 
S.8.2 Roof nozzles and gauge hatches ................................................................................................. 385 
S.8.3 Skylights .............................................................................................................................................. 385 
S.9 Sealing at the shell ........................................................................................................................... 385 
S.10 Testing ................................................................................................................................................. 385 
S.10.1 Leak testing ........................................................................................................................................ 385 
S.11 Fabrication and erection ............................................................................................................... 386 
S.11.1 General................................................................................................................................................. 386 
S.11.2 Fabrication ......................................................................................................................................... 386 
S.11.3 Welding ................................................................................................................................................ 386 
S.11.4 Examination reports ....................................................................................................................... 386 

Full document details: 25/30481842 DC

http://www.avadocuments.com/doc/25-30481842-dc
http://www.avadocuments.com/doc/25-30481842-dc


prEN 14015:2025 (E) 

17 

 

S.11.5 Shipping and handling ................................................................................................................... 386 
S.11.6 Erection ............................................................................................................................................... 386 
S.11.7 Workmanship ................................................................................................................................... 386 
S.12 Required information and method to check shell stability under loads from domed 

roof ........................................................................................................................................................ 386 
S.12.1 Data required for INPUT ............................................................................................................... 386 
S.12.2 Measuring tank shell ...................................................................................................................... 387 
S.12.3 Loads .................................................................................................................................................... 387 
S.12.4 Check structure ................................................................................................................................ 388 

S.12.4.1 Stresses ....................................................................................................................................... 388 

S.12.4.2 Eigenvalue .................................................................................................................................. 388 

S.12.4.3 Knockdown factor ................................................................................................................... 388 

S.12.4.4 Stability ....................................................................................................................................... 388 

S.12.4.5 Stiffening of shell ..................................................................................................................... 388 

Annex T (informative)  Finite Element Analysis (FEA) Requirements regarding the use of FEA 
to support a tank design submission ........................................................................................ 389 

T.1 General ................................................................................................................................................ 389 
T.2 Special design requirement ......................................................................................................... 389 
T.3 The FEA Design Report .................................................................................................................. 389 

Annex U (Informative)  Design by analysis; methods based on stress categories ................. 391 
U.1 Preambles ........................................................................................................................................... 391 
U.2 Stress Categorization ...................................................................................................................... 391 
U.3 Equivalent stress .............................................................................................................................. 393 
U.3.1 General ................................................................................................................................................ 393 
U.3.2 Gross structural discontinuity .................................................................................................... 393 
U.3.3 Local structural discontinuity ..................................................................................................... 394 
U.3.4 Primary stress ................................................................................................................................... 394 
U.3.5 Secondary stress .............................................................................................................................. 394 
U.3.6 Peak stress ......................................................................................................................................... 395 
U.3.7 Specific symbols and abbreviations .......................................................................................... 395 
U.4 Requirements relating to the methods for determining stresses .................................. 396 
U.4.1 Assumption of linear elasticity ................................................................................................... 396 
U.4.2 Selection of methods for determining stresses .................................................................... 396 
U.5 Classification of stresses ............................................................................................................... 397 
U.6 Stress analysis procedure ............................................................................................................. 400 
U.7 Assessment criteria ........................................................................................................................ 401 
U.7.1 General ................................................................................................................................................ 401 
U.7.2 Limitation of equivalent primary stresses ............................................................................. 402 
U.7.3 Limitation of equivalent stress ranges resulting from primary amnd secondary 

stresses ................................................................................................................................................ 403 

Annex V (informative)  Environmental impact ................................................................................... 404 
V.1 Environmental impact assessment ........................................................................................... 404 
V.1.1 Introduction ...................................................................................................................................... 404 
V.1.2 Plant emissions ................................................................................................................................ 404 
V.1.3 Emission control .............................................................................................................................. 404 
V.1.4 Flare/venting philosophy ............................................................................................................. 405 
V.1.5 Noise control ..................................................................................................................................... 405 
V.1.6 External traffic routes .................................................................................................................... 405 
V.1.7 Water discharge ............................................................................................................................... 405 

Full document details: 25/30481842 DC

http://www.avadocuments.com/doc/25-30481842-dc
http://www.avadocuments.com/doc/25-30481842-dc


prEN 14015:2025 (E) 

18 

 

V.2 Safety general .................................................................................................................................... 405 
V.2.1 Safety philosophy approach ......................................................................................................... 405 
V.2.2 Installation and its surrounding ................................................................................................ 406 
V.2.3 Site study ............................................................................................................................................. 406 
V.2.4 Climatology ........................................................................................................................................ 407 
V.2.5 Seismology .......................................................................................................................................... 407 
V.2.6 Location ............................................................................................................................................... 408 
V.3 Hazard assessment .......................................................................................................................... 409 
V.3.1 General................................................................................................................................................. 409 
V.3.2 Assessment ......................................................................................................................................... 409 

V.3.2.1 Methodology ...................................................................................................................................... 409 

V.3.2.2 Identification of hazards of external origin ........................................................................... 410 

V.3.2.3 Identification of hazards of internal origin ............................................................................ 410 

V.3.2.4 Estimation of probabilities ........................................................................................................... 411 

V.3.2.5 Estimation of consequences ......................................................................................................... 412 
V.3.3 Safety improvement ........................................................................................................................ 413 
V.4 Safety engineering during design and construction ........................................................... 413 
V.4.1 Introduction ....................................................................................................................................... 413 
V.4.2 Design ................................................................................................................................................... 413 

V.4.2.1 Common safety design features .................................................................................................. 413 

V.4.2.2 Site specific: Seismic protection ................................................................................................. 416 
V.4.3 Reviews ................................................................................................................................................ 416 
V.5 Safety during operation ................................................................................................................. 417 
V.5.1 Preparation for plant operation ................................................................................................. 417 
V.5.2 Safety during plant operation ..................................................................................................... 417 

Annex W ............................................................................................................................................................. 418 
W.1 General................................................................................................................................................. 418 
W.2 Partial Coefficients .......................................................................................................................... 418 

Bibliography .................................................................................................................................................... 419 

 

Full document details: 25/30481842 DC

http://www.avadocuments.com/doc/25-30481842-dc
http://www.avadocuments.com/doc/25-30481842-dc


prEN 14015:2025 (E) 

19 

 

European foreword 

This document (prEN 14015:2025) has been prepared by Technical Committee CEN/TC 265 “Site built 
metallic tanks for the storage of liquids”, the secretariat of which is held by BSI. 

This document is currently submitted to the CEN Enquiry. 

This document will supersede EN 14015:2004. 
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Introduction 

This document reflects current practice within the oil, petrochemical, chemical, food and general bulk 
liquid storage industry in regard to materials, design, fabrication, erection and testing. It is used in many 
parts of the world outside the EU. 

In Europe, stress and stability requirements of storage tanks are covered by Eurocode 3 Design of steel 
structures, which includes EN 1993-4-2. Design in accordance with Eurocodes is based on the Limit State 
Theory (LST). The LST calculation uses safety factors which are defined nationally (NDPs) and selected 
for each specific application. 

The calculation given in EN 14015 is based on design using allowable stresses.  It is considered necessary 
to retain this method in this revision of EN 14015 for aspects not covered by Eurocode 3 

This document covers many design items such as selection of type of tank based on characteristics of the 
stored medium (in Annex B), internal and external floating roofs (respectively in Annex C and D), rim 
seals (in Annex E), double bottoms (in Annex H) and specific other tank features which are not covered 
in any other European Standard. EN 14015 also covers aluminium dome roof structures in Annex S.  

Changes in this edition include the following: 

– wind loading has been brought in line with EN 1991-1-4 including wind suction over dome roofs. 
However, as wind suction over cone roofs is not covered in EN 1991-1-4 the theory on wind suction 
over these types of fixed roofs has been added.  

– reduction factors for tanks design for elevated temperatures have been introduced. 
– the section on wind loads on tanks (overturning stability) has been updated and expanded.  
– Annex B – Operational and safety requirements has been added. 
– Annex C – Requirements for Internal floating roofs extensively revised and updated.  
– Annex D – Requirements for floating roofs extensively revised and updated.  
– Annex E – Requirements for rim seals to floating roofs extensively revised and updated. 
– Annex F – Selection of steel plate to alternative specifications revised and updated to include  

stainless steel.  
– Annex G – Recommendations for seismic provisions for storage tanks has been completely revised to 

bring it in line with EN 1998-4. 
– Annex I – Recommendations for tank foundations has been extensively revised and updated.  
– Annex K – Design rules for tanks with frangible roof to shell joints is no longer be used to cover 

emergency venting but only possible explosion relief. 
– Annex L has been removed as all venting calculations are now to be done to ISO 28300.  
– Annex S – Self-Supporting aluminium roofs for storage tanks has been added.  
– Annex T – Finite Element Analysis (FEA); Requirements regarding the use of FEA to support a tank 

design submission has been added.  
– Annex U – Design by analysis; methods based on stress categories has been added.  
– Annex V – Environmental impact has been added.  

Tanks designed and built to EN 14015 do not require CE marking to EN 1090 or to the Pressure 
Equipment Directive. In addition the structures that are mounted on the tank and are fully supported by 
the tank structure are not to be CE marked to EN 1090. This includes the roof support structure, roof and 
shell platforms, inter tank walkways, access stairs and ladders.  
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1 Scope 

This document specifies the requirements for the materials, design, fabrication, erection, testing and 
inspection of site built, vertical, cylindrical, flat bottomed, above ground, welded, steel tanks for the 
storage of liquids at ambient temperatures and above.  

It is concerned with the structural design of the basic tank structure and does not provide requirements 
for considering process design, operational issues, safety and firefighting facilities, in-service inspection, 
maintenance, or repair.  

This document is intended for use in conjunction with EN 1993-4-2 and so adheres the general principles 
and performance requirements for the structural design and serviceability limit states of those tank 
components. Specific requirements are addressed in EN 14015. 

It is applicable to: 

– closed-top tanks, with and without internal floating roofs; 

– open-top tanks, with and without floating roofs; 

– tanks for which:  

a) the design pressure is not greater than 60 mbar; 

b) the design internal negative pressure is not lower than 6,0 mbar; 

c) the design metal temperature is between –40 °C and +300 °C; 

d) the maximum design liquid level is not higher than the top of the cylindrical shell; 

e) the maximum allowable stress does not exceed 260 N/mm2. 

The limits of application of this document terminate at the following locations:  

– face of the first flange in a bolted flange connection; 

– first threaded joint on the pipe or coupling outside of the tank shell, roof or bottom; 

– first circumferential joint in a pipe not having a flange connection.  

This document does not apply to tanks where the product is refrigerated to maintain it as a liquid at 
atmospheric pressure. 

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 485 (all parts), Aluminium and aluminium alloys — Sheet, strip and plate 

EN 754 (all parts), Aluminium and aluminium alloys — Cold drawn rod/bar and tube 

EN 755 (all parts), Aluminium and aluminium alloys — Extruded rod/bar, tube and profiles 

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

EN 1011-4, Welding — Recommendations for welding of metallic materials — Part 4: Arc welding of 
aluminium and aluminium alloys 

EN 1593, Non-destructive testing — Leak testing — Bubble emission techniques 
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EN 1759-1, Flanges and their joint — Circular flanges for pipes, valves, fittings and accessories, Class 
designated — Part 1: Steel flanges, NPS 1/2 to 24 

EN 1991-1-1:2002, Eurocode 1: Actions on structures — Part 1-1: General actions — Densities, self-weight, 
imposed loads for buildings 

EN 1991-1-3, Eurocode 1 — Actions on structures — Part 1-3: General actions — Snow loads 

EN 1993-1-1, Eurocode 3 Design of steel structures — Part 1-1: General rules and rules for buildings 

EN 1993-1-6:2007, Eurocode 3 — Design of steel structures — Part 1-6: Strength and Stability of Shell 
Structures 

EN 1993-4-2, Eurocode 3 — Design of steel structures — Part 4-2: Tanks 

EN 1999-1-1, Eurocode 9 Design of aluminium structures — Part 1-1: General structural rules 

EN 1999-1-5, Eurocode 9 — Design of aluminium structures — Part 1-5: Shell structures 

EN 10025 (all parts), Hot rolled products of structural steel 

EN 10028-2, Flat products made of steels for pressure purposes — Part 2: Non-alloy and alloy steels with 
specified elevated temperature properties 

EN 10028-3, Flat products made of steels for pressure purposes — Part 3: Weldable fine grain steels, 
normalized 

EN 10029:2010, Hot rolled steel plates 3 mm thick or above — Tolerances on dimensions and shape 

EN 10088-1 Stainless steels — Part 1: List of stainless steels 

EN 10088-2 Stainless steels — Part 2: Technical delivery conditions for sheet/plate and strip of corrosion 
resisting steels for general purposes 

EN 10088-3:2014, Stainless steels — Part 3: Technical delivery conditions for semi-finished products, bars, 
rods, wire, sections and bright products of corrosion resisting steels for general purposes 

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

EN 10204:2004, Metallic products — Types of inspection documents 

EN 10216 (all parts), Seamless steel tubes for pressure purposes — Technical delivery conditions 

EN 10217 (all parts), Welded steel tubes for pressure purposes — Technical delivery conditions 

EN 10222 (all parts), Steel forgings for pressure purposes 

EN 10250 (all parts), Open steel die forgings for general engineering purposes 

EN 13445-3, Unfired pressure vessels - Part 3: Design 

EN 13479, Welding consumables — General product standard for filler metals and fluxes for fusion welding 
of metalic materials 
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EN 13480 (all parts), Metallic industrial piping 

EN ISO 148-1 Metallic materials — Charpy pendulum impact test — Part 1: Test method (ISO 148-1:2016)  

EN ISO 898, Mechanical properties of fasteners made of carbon steel and alloy steel (ISO 898) 

EN ISO 1461, Hot dip galvanized coatings on fabricated iron and steel articles — Specifications and test 
methods (ISO 1461) 

EN ISO 2560, Welding consumables — Covered electrodes for manual metal arc welding of non-alloy and 
fine grain steels — Classification (ISO 2560) 

EN ISO 3452-1 Non-destructive testing — Penetrant testing - Part 1: General principles (ISO 3452-1) 

EN ISO 3581, Welding consumables — Covered electrodes for manual metal arc welding of stainless and 
heat-resisting steels — Classification (ISO 3581) 

EN ISO 5579, Non-destructive testing — Radiographic testing of metallic materials using film and X- or 
gamma rays - Basic rules (ISO 5579) 

EN ISO 6520-1, Welding and allied processes — Classification of geometric imperfections in metallic 
materials — Part 1: Fusion welding (ISO 6520-1) 

EN ISO 9606-1, Qualification testing of welders — Fusion welding — Part 1: Steels (ISO 9606-1) 

EN ISO 9712, Non-destructive testing — Qualification and certification of NDT personnel (ISO 9712) 

EN ISO 14122 (all parts), Safety of machinery — Permanent means of access to machinery — (ISO 14122 
(all parts)) 

EN ISO 14732, Welding personnel — Qualification testing of welding operators and weld setters for 
mechanized and automatic welding of metallic materials (ISO 14732) 

EN ISO 15607:2003, Specification and qualification of welding procedures for metallic materials — General 
rules (ISO 15607) 

EN ISO 15609-1, Specification and qualification of welding procedures for metallic materials — Welding 
procedure specification — Part 1: Arc welding (ISO 15609-1) 

EN ISO 15614-1:2017, Specification and qualification of welding procedures for metallic materials — 
Welding procedure test — Part 1: Arc and gas welding of steels and arc welding of nickel and nickel alloys 
(ISO 15614-1:2017) 

EN ISO 16828, Non-destructive testing — Ultrasonic testing — Time-of-flight diffraction technique as a 
method for detection and sizing of discontinuities (ISO 16828) 

EN ISO/IEC 17020, Conformity assessment — Requirements for the operation of various types of bodies 
performing inspection (ISO/IEC 17020) 

EN ISO 17636-1, Non-destructive testing of welds — Radiographic testing — Part 1: X- and gamma-ray 
techniques with film (ISO 17636-1) 

EN ISO 17636-2, Non-destructive testing of welds — Radiographic testing — Part 2: X- and gamma-ray 
techniques with digital detectors (ISO 17636-2) 
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EN ISO 17637, Non-destructive testing of welds — Visual testing of fusion-welded joints (ISO 17637) 

EN ISO 17638, Non-destructive testing of welds — Magnetic particle testing (ISO 17638) 

EN ISO 17640, Non-destructive testing of welds — Ultrasonic testing — Techniques, testing levels, and 
assessment (ISO 17640) 

EN ISO 19232-1, Non-destructive testing - Image quality of radiographs — Part 1: Determination of the 
image quality value using wire-type image quality indicators (ISO 19232-1) 

EN ISO 19232-2, Non-destructive testing - Image quality of radiographs — Part 2: Determination of the 
image quality value using step/hole-type image quality indicators (ISO 19232-2) 

3 Terms, definitions, symbols and abbreviations 

3.1  Terms and definitions 

For the purposes of this document, the following terms and definitions 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 http://www.iso.org/obp 

3.1.1 

design pressure 

maximum permissible pressure in the space above the stored liquid 

3.1.2 

design internal negative pressure 

maximum permissible negative pressure in the space above the stored liquid 

3.1.3 

set pressure 

pressure at which the pressure relief device first opens 

3.1.4 

set vacuum 

internal negative pressure at which a vacuum valve first opens 

3.1.5 

test pressure 

pressure in the space above the test liquid during testing 

3.1.6 

maximum design metal temperature 

temperature used for determining the maximum allowable stress for the material 
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3.1.7 

minimum design metal temperature 

temperature used for determining the material toughness requirements 

3.1.8 

LODMAT 

lowest one day mean ambient temperature temperature based over any 24 hour period 

3.1.9 

purchaser 

company or its agent which prepares and agrees a proposal with a contractor for the design, construction 
and testing of a storage tank 

3.1.10 

designer  

person or organization carrying out the engineering design of the tank 

3.1.11 

contractor 

company with which the purchaser agrees a proposal for the design, construction and testing of a storage 
tank 

3.1.12 

manufacturer 

organization carrying out the shop fabrication 

3.1.13 

erector 

organization carrying out the construction on site 

3.1.14 

inspector 

person or organization carrying out the inspection of the tank  

3.1.15 

independent NDE-unit or organization 

NDE-unit or organization that has A-type B-type status  

Note 1 to entry: A-type and B-type organizations are defined in EN ISO/IEC 17020. 

3.1.16 

supplier 

company manufacturing and supplying sub-assemblies 

3.1.17 

static electricity 

build-up of an electrical difference of potential or charge, through friction of dissimilar materials or 
substances e.g. product flow through a pipe 
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3.1.18 

floating roof 

metallic structure which floats on the surface of a liquid inside an open top tank shell, and in complete 
contact with this surface 

3.1.19 

internal floating roof 

structure which floats on the surface of a liquid inside a fixed roof tank, primarily to reduce vapour loss 

3.1.20 

non-contact floating roof 

roof which is supported by buoyancy chambers or pontoons on the liquid surface causing the floating 
roof to be raised above the liquid surface, thus creating a void between the underside of the floating roof 
and the liquid surface 

3.1.21 

full-contact floating roof 

roof which floats in direct contact with the liquid with no space between the underside of the roof and 
the liquid surface 

3.1.22 

peripheral (rim) seal 

seal mounted around the periphery of the floating roof  which contacts the tank shell and seals the 
annular gap 

3.1.23 

floating suction device 

mechanical device, sometimes articulated, installed in some tanks, which floats on the liquid surface and 
only permits product to be withdrawn from this point 

Note 1 to entry: Commonly adopted for aviation fuel storage tanks. 

3.1.24 

bleeder vent 

device incorporated in a floating roof to permit release of gas from under the floating roof during tank 
filling, and to allow air to pass back through the floating roof when draining product when the floating 
roof is stationary on its support legs 

3.1.25 

buoyancy 

ability of a structure to float on liquid 

3.1.26 

inlet diffuser 

component intended to join and extend the inlet pipe within the tank and disperses the incoming product 
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3.1.27 

accumulation 

differential pressure between the set pressure of the valve and the tank pressure at which the required 
flow rate is reached or the set vacuum of the valve and the tank internal negative pressure at which the 
required flow rate is reached 

3.1.28 

emergency venting 

outbreathing in case of fire, or inbreathing and outbreathing in case of malfunction of tank equipment 

3.1.29 

empty tank 

tank with no liquid level 

3.1.30 

gross storage capacity 

for a fixed roof tank, the total capacity when the tank is filled to the level of the horizontal section of the 
top curb angle 

for external and internal floating roof tank, the total capacity when the tank is filled to such an extent 
where the secondary rim seal is still 50 mm below the top curb angle when the floating roof is leaning as 
close as possible against the tank shell 

3.2 Symbols 

For the purpose of this document, the symbols given in Table 1 apply: 

Table 1 — Symbols 

Symbol Description Unit 

C Corrosion allowance mm 

Cen carbon equivalent value from the ladle analysis for both 
traditional steels and low-carbon, low-alloy steels 

 

Cev carbon equivalent value from the ladle analysis for carbon 
and carbon-manganese steels 

 

D Diameter of tank m 

d Diameter of hole mm 

dh Diameter of hole in roof mm 

di Diameter (inside) of nozzle mm 

dn Diameter (outside) of nozzle mm 

do Diameter (outside) of manhole insert mm 

dr Diameter (outside) of reinforcement mm 

e Nominal thickness of plate mm 
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Symbol Description Unit 

ea Thickness of annular plate mm 

eb Thickness of bottom plate mm 

eb;asbuilt nominal thickness of bottom plates increased by the 
corrosion allowance specified by the Purchaser 

mm 

ebr Thickness of bottom reinforcing plate (flush type clean out 
door) 

mm 

ec Calculated minimum thickness of plate including corrosion 
allowance 

mm 

ed thickness of the floating roof deck plate through which the 
landing leg protrude in corroded conditions 

mm 

ef Thickness of flange mm 

ei Thickness of insert plate mm 

en Thickness of nozzle mm 

ep Thickness of roof plate mm 

er Thickness of reinforcement plate mm 

es Thickness of any shell plate mm 

eshell as built as built thickness of shell plates mm 

et Thickness of shell plate for test conditions mm 

e1 Thickness of first shell course mm 

e1 thickness of the landing leg in corroded condition  

F Overstress factor — 

H Design liquid height m 

Hc Height from the bottom of the course under consideration to 
design liquid level 

m 

hn Height of nozzle mm 

J Joint efficiency factor  

Lr Effective roof length mm 

Ls Effective shell length mm 

la Width of the annular plate between the edge of the bottom 
plate and the inner surface of the shell 

mm 

ld Distance from the outer surface of the shell to the outer edge 
of the bottom plate or annular plate 

mm 

lw Lap of the bottom plates over the annular plate mm 

P Design pressure mbar 
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Symbol Description Unit 

Pcm carbon equivalent value from the ladle analysis for modern 
low-carbon, low alloy steels 

 

pi Internal pressure minus pressure exerted by roof mbar 

pt Test pressure mbar 

pv Design internal negative pressure  mbar 

r Radius of tank m 

R0.2 0,2 % proof strength N/mm2 

R1 Radius of curvature of roof m 

ri Inside radius of nozzle mm 

rm Mean radius for nozzle mm 

ro Outside radius of nozzle mm 

S Allowable design stress N/mm2 

Sc Allowable compressive stress N/mm2 

St Allowable test stress N/mm2 

T Total thickness tolerance mm 

TDM Design metal temperature °C 

V Design wind speed m/s 

W Density of contained liquid kg/l 

Wt Density of test medium kg/l 

Z Section modulus cm3 

3.3 Abbreviations 

For the purpose of this document, the following abbreviations in Table 2 apply: 

Table 2 — Abbreviations 

Abbreviations Description 

HAZ Heat affected zone 

LODMAT Lowest one day mean ambient temperature 

NDE Non-destructive examination 

NDT Non-destructive test(ing) 

pcd Pitch circle diameter 

PWHT Post-weld heat treatment 
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4 Information and requirements to be specified 

4.1 Information to be specified by the purchaser 

The information to be specified by the purchaser, in accordance with A.1, shall be fully documented. 

For this reason also a data sheet, covering the minimum design requirements should be documented.  

A sample of a tank data sheet is shown in A.14. 

4.2 Information to be agreed between the purchaser and the tank manufacturer 

The information to be agreed between the purchaser and the tank manufacturer, in accordance with A.2, 
shall be fully documented. 

4.3 Information to be supplied by the tank manufacturer 

The information to be supplied by the tank manufacturer, in accordance with A.3, shall be fully 
documented. 

4.4 Information to be supplied by the steel manufacturer 

The information to be supplied by the steel manufacturer, in accordance with A.4, shall be fully 
documented. 

4.5 Information to be agreed between the steel manufacturer and the tank manufacturer 

The information to be agreed between the steel manufacturer and the tank manufacturer, in accordance 
with A.5, shall be fully documented. 

4.6 Information to be agreed between the purchaser and the internal floating roof 
supplier 

The information to be agreed between the purchaser and the internal floating roofs supplier, in 
accordance with A.6, shall be fully documented. 

4.7 Information to be agreed between the tank manufacturer and the internal floating 
roof supplier 

The information to be agreed between the tank manufacturer and the internal floating roof supplier, in 
accordance with A.7, shall be fully documented. 

4.8 Information to be supplied by the internal floating roof supplier 

The information to be supplied by the internal floating roof supplier, in accordance with A.8, shall be fully 
documented. 

4.9 Information to be agreed between the purchaser and the supplier of the aluminium 
dome roof covering an open top steel tank  

The information to be agreed between the purchaser and the supplier of the aluminium dome, in 
accordance with A.9 and EN 1999-1-5 (if needed), shall be fully documented. 
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4.10 Information to be agreed between the tank manufacturer and the supplier of the 
aluminium dome roof 

The information to be agreed between the tank manufacturer and the supplier of the aluminium dome, 
in accordance with A.10, shall be fully documented. 

4.11 Information to be supplied by the supplier of the aluminium dome roof 

The information to be supplied by the supplier of the aluminium dome, in accordance with A.11, shall be 
fully documented. 

5 Requirements 

5.1 Design pressure 

The design pressure and the design internal negative pressure shall be within the limits specified in 
Table 3, for the particular tank designation specified in 5.1 and A.1.  

The set pressure of the relief device plus the accumulation to permit the required throughput to be 
achieved shall not exceed the design pressure as stated in Table 3. 

The set vacuum of the relief device plus the accumulation to permit the required throughput to be 
achieved shall not exceed the design internal negative pressure. 

Table 3 — Design pressure limits for tanks 

Tank designation 

Design pressure 

P 

mbar (g) 

Design internal negative 
pressure 

pv 

mbar (g) 

Open top tanks or floating roof tanks 0 see D.3.5 

Closed top tanks     

i) non-pressure tanks ≤ 10a ≤ 2,5b1 

ii) low-pressure tanks ≤25a ≤ 6,0b2 

iii) high-pressure tanks ≤ 60a ≤ 6,0b2 

iv) self-supporting aluminium dome 
roofs on top of  external floating roof 

tanks or fixed roofs equipped with 
peripheral vent openings in 

accordance with C.3.1.5.2.2 on top of 
internal floating roof tanks 

c d    

a  The design pressures specified are those that give rise to load conditions stated in 7.2. and will be used in the calculation of 
shell thickness as in 9.2, shell stability as in 9.3, roof thickness as in 10.4), roof compression area as in 10.5, selection and 
sizing of vents as in 14, tank anchorage as in Clause 12, and selection of type of roof and its detailed design. 

b  The vacuum to be used for the design of ring stiffeners on the tank shell shall take into account an additional safety margin 
of 2,5 mbar (g), i.e.: 

 1) 5 mbar (g) for non-pressure; 

 2) 8.5 mbar (g) for low and high pressure fixed roof tanks equipped with fixed roofs. 
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c  in  case these roofs are equipped with peripheral vent opening: use 0 mbar (g) for the internal pressure, 
otherwise use value mentioned for closed top non-pressure tanks 
d  in  case these roofs are equipped with peripheral vent opening: use 0 mbar (g) for the internal negative 
pressure, otherwise use values mentioned for closed top non-pressure tanks 

 

5.2 Design metal temperature 

5.2.1 Maximum design metal temperature 

The maximum design metal temperature shall not exceed 300 °C. 

5.2.2 Minimum design metal temperature 

The minimum design metal temperature shall be the minimum temperature of the contents or the 
temperature given in Table 4, whichever is the lower. If the ambient temperature is lower than –40 °C, 
the minimum LODMAT shall be –40 °C. 

The lowest one day mean ambient temperature LODMAT should be taken as the lowest recorded 
temperature averaged over any 24 hour period. Where insufficient complete records are available, this 
average temperature can be taken as the mean of the maximum and minimum temperatures. For more 
information see EN 1991-1-5. 

Table 4 — Minimum design metal temperature based on LODMAT 

Lowest one day mean ambient 
temperature (LODMAT) 

Minimum design metal temperature 

T1 

°C 

10 years data 

°C 

30 years data 

°C 

≥–10  + 5 + 10 

 ≥–25 ˂–10  + 5 

≤ –25 (see 5.2.2) – 5  

For minimum design metal temperatures below 0 °C, the beneficial effect of insulation or heating shall be agreed 
but the design metal temperature should not be warmer than 0 °C. 

For more information see EN 1991-1-5. 

The minimum design metal temperature for the tank shall not take into account the beneficial effect of 
heating or insulation for design metal temperatures warmer than or equal to 0 °C. 

5.3 Design density 

The design density shall be the maximum specified density of the contents. 

Where flexibility of operation in a tank or within a group of tanks is required, the design density should 
be the maximum envisaged density of the products. 

5.4 Yield strength 

The yield strength of the material shall be the minimum specified value of: 

• room temperature minimum specified yield strength  for carbon and carbon manganese steels; 
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• elevated temperature (> 100 °C) yield strength for carbon and carbon manganese steels; 

•  room temperature 0,2 % proof strength for stainless steels; 

•  elevated temperature (> 50 °C) 0,2 % proof strength for stainless steels. 

5.5 Material compatibility between stored product and tank 

The material compatibility between stored product and tank shall be proved. For the material 
compatibility between stored product and tank EN 12285-1 can be considered. 

6 Materials 

6.1 Carbon and carbon manganese steels 

6.1.1 Plate materials 

6.1.1.1 All carbon and carbon manganese steel plate used in the manufacture of tanks conforming to this 
document shall be in accordance with the minimum requirements of Tables 5 to 7 in conjunction with 
Table 9 and Figure 1, unless otherwise agreed (see A.2). When a steel grade other than those given in 
Tables 5 to 8 is to be used, it shall satisfy the requirements of Annex F. 

Regarding the material specifications in table 5 to 8 the following additional requirements shall apply. 

[A] Steelmaking process to be reported. 

[B] CEV from ladle analysis ≤ 0,42 for plates thicker than 20 mm. 

[C] Inspection documentation shall be in accordance with EN 10204, Inspection certificate 3.1 

except for nominal thickness plates where documentation may be in accordance with EN 10204, 

Test report 2.2 as a minimum. 

[D] For flat products thicker than 20 mm out of each parent plate or coil the impact properties shall 

be verified. 

[E] Cr, Cu, Mo, Nb, Ni, Ti and V to be recorded. 

Table 5 — Hot rolled products ≤275 N/mm2 yield strength 

Standard Designation 
Additional 

requirements 

Steel type as 
given in 
Figure 1 

Maximum 
thicknessa,b 

mm 

EN 10025-2 

S235 JR A, C Type I 12 

S235 J0 A, B, C Type II 30 

S235 J2 A, B, C Type III 40 

S275 JR A, C Type I 12 

S275 J0 A, B, C Type II 30 

S275 J2 A, B, C Type III 40 

EN 10025-3 
S275 N A, B, D Type IV 40 

S275 NL A, B, D Type IV 40 

EN 10025-4 
S275 M A, B, D Type IV 40 

S275 ML A, B, D Type IV 40 
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a The maximum thickness shall be the lower of that specified in this table and that derived from Figure 1. 
b The maximum thickness does apply only to shell plates (not insert plates); see also 9.1.6. 

Table 6 — Hot rolled products > 275 N/mm2 and ≤ 355 N/mm2 yield strength 

Standard Designation 
Additional 

requirements 

Steel type as 
given in 
Figure 1 

Maximum 
thicknessa,b 

mm 

EN10025-2 

S355 JR A, C, E Type V 10 

S355 JO A, C, E Type VI 15 

S355 J2 A, B, C, D, E Type VII 40 

S355 K2 A, B, C, D, E Type VIII 40 

EN 10025-3 
S355 N A, B, D Type VIII 40 

S355 NL A, B, D Type IX 40 

EN 10025-4 
S355 M A, B, D Type VIII 40 

S355 ML A, B, D Type IX 40 

a The maximum thickness shall be the lower of that specified in this table and that derived from Figure 1. 
b The maximum thickness does apply only to shell plates (not insert plates); see also 9.1.6. 

Table 7 — Hot rolled products > 355 N/mm2 yield strength 

Standard Designation 
Additional 

requirements 

Steel type as 
given in 
Figure 1 

Maximum 
thicknessa,b 

mm 

EN 10025-3 
S420 N A, B, D Type X 40 

S420 NL A, B, D Type XI 40 

EN 10025-4 
S420 M A, B, D Type X 40 

S420 ML A, B, D Type XI 40 

a The maximum thickness shall be the lower of that specified in this table and that derived from Figure 1. 
b The allowed maximum thicknesses only apply to shell plates (not insert plates); see also 9.1.6. 

 

Table 8 — Hot rolled products for use at elevated temperatures (< 100 °C) 

Standard Designation 
Additional 

requirements 

Steel type as 
given in 
Figure 1 

Maximum 
thicknessa,b 

mm 

EN 10028-2 

P235 GH A, B Type II A 30 

P265 GH A, B Type II A 30 

P295 GH A, B Type VI A 40 

P355 GH A, B Type VI A 40 

Full document details: 25/30481842 DC

https://doi.org/10.3403/03153025U?&urlappend=%26utm_campaign=pdfdoi%26utm_source=pdfdoi%26utm_medium=pdf
https://doi.org/10.3403/03153052U?&urlappend=%26utm_campaign=pdfdoi%26utm_source=pdfdoi%26utm_medium=pdf
https://doi.org/10.3403/03153025U?&urlappend=%26utm_campaign=pdfdoi%26utm_source=pdfdoi%26utm_medium=pdf
https://doi.org/10.3403/03153052U?&urlappend=%26utm_campaign=pdfdoi%26utm_source=pdfdoi%26utm_medium=pdf
https://doi.org/10.3403/00294404U?&urlappend=%26utm_campaign=pdfdoi%26utm_source=pdfdoi%26utm_medium=pdf
http://www.avadocuments.com/doc/25-30481842-dc
http://www.avadocuments.com/doc/25-30481842-dc


prEN 14015:2025 (E) 

35 

 

EN 10028-3 

P275 NH A, B Type IV 40 

P275 NL2 A, B Type IV 40 

P355 NH A, B Type VIII 40 

P355 NL2 A, B Type IX 40 

a The maximum thickness shall be the lower of that specified in this table and that derived from Figure 1. 
b The maximum thickness does apply only to shell plates (not insert plates); see also 9.1.6. 

 

Table 9 — Charpy V-notch impact energy for steel types 

Steel type Charpy V-notch impact energy 

I 27 J at +20 °C 

II 27 J at 0 °C 

II A 27 J at -10 °C 

III 27 J at -20 °C 

IV 27 J at -30 °C 

V 40 J at +30 °Ca 

VI 40 J at +10 °Cb 

VI A 40 J at 0 °C 

VII 40 J at -10 °Cc 

VIII 40 J at -20 °C 

IX 40 J at -30 °C 

X 55 J at +20 °C 

XI 55 J at 0 °C 

NOTE 1  The impact energy requirements are longitudinal values of: 

27 J for grade 235 and 275 steels 

40 J for grade 355 steel 

55 J for higher than grade 355 steel 

NOTE 2  There is no need under the atmospheric conditions in Europe to use steels with better toughness than 
line 6, of Figure 1. 

a
 extrapolation from 27 J at +20 °C 

b
 extrapolation from 27 J at 0 °C 

c
 extrapolation from 27 J at −20 °C 
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6.1.1.2 For Tables 5 to 9, above, the limited thickness of 40 mm of Types IV, VI A, VIII and IX materials 
can be increased to maximum of 45 mm for storing non-hydrocarbon and non-toxic materials, subject to 
agreements to be established between Purchaser and Contractor (see Annex A). 

As a minimum the following additional requirements should be detailed: 

• The reduction of the minimum specified yield strength or 0,2 % proof strength for plate thicknesses 
exceeding 40 mm shall be taken into account in conformity with the applicable material 
specifications, or as stipulated in  EN 10025 and EN 10028; 

• Additional NDT-tests to be agreed (see also 19.4.4), see Annex A; 

• Additional number of test plates to be agreed (see Clause 17), see Annex A; 

• Additional requirements to be specified in pWPS, WPS and WPQR (see Clause 17 and Annex A). 

6.1.1.3 For design metal temperatures in excess of 100 °C, steel with elevated temperature yield strength 
values or 0.2% proof strength values can either be selected from Table 8, or the procedures as detailed 
in clause 9.4 shall be followed. See also 9.1.2, 9.3.3.7 and 9.3.3.9. 

Other steel grades for which elevated temperature yield strength values are not specified in the material 
standard may also be used, provided: 

a)  the actual value of each cast of the material delivered shall be certified by the steel manufacturer 
(see A.4) in accordance with EN 10025, or 

b) subject to approval by the appropriate authority, tensile tests at the elevated temperature of each 
cast are executed by an independent laboratory, providing the traceability is documented. 

The test results shall be reported in an inspection document in accordance with EN 10204:2004, 
certificate 3.1. 

6.1.1.4 When the maximum design metal temperature exceeds 250 °C, steels which are proven to be 
unaffected by ageing shall be used. The method of proof shall be subject to agreement (see A.5). 
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Key 

TDM minimum design metal temperature en,s minimal thickness 

1 steel types I, V and X (impact test at +20 °C) 4 steel types IIA and VII (impact test at –10 °C) 

2 steel types VI (impact test at +10 °C)  5 steel types III and VIII (impact test at –20 °C) 

3 steel types II, VIA and XI (impact test at 0 °C) 6 steel types IV and IX (impact test at –30 °C) 

Figure 1 — Minimum design metal temperature at which each type of steel can be used 

Figure 1 applies only to shell plates. For insert plates see 6.1.7.2. 

 

6.1.2 Structural steel sections 

6.1.2.1 All carbon and carbon manganese structural steel sections used in the manufacture of tanks 
conforming to this document shall be in accordance with Tables 5 to 7 or Table 10. 
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Table 10 — Structural steel products 

Standard Designation Steel type 

EN 10210-1 and EN 10210-2 S235 JRH Type I 

 S275 JOH Type II 

 S275 J2H Type III 

 S275 NH Type IV 

 S275 NLH Type IV 

 S355 JOH Type VI 

 S355 J2H Type VII 

 S355 NH Type VIII 

 S355 NLH Type IX 

6.1.2.2 Structural steel shall have inspection documentation in accordance with EN 10204:2004, Test 
report 2.2, except for steels S275 NH/NLH and S355 NH/NLH which shall have Inspection certificate 3.1. 

6.1.2.3 Pads, gussets etc. shall be from steel in accordance with 6.1.1. 

6.1.3 Forgings 

6.1.3.1 Forgings shall be manufactured from steel products by open die forging or ring rolling in 
accordance with EN 10250 and EN 10222. 

6.1.3.2 The mechanical properties of forgings shall also be in accordance with 6.1.6 and 6.1.7. 

6.1.3.3 Flanges provided for shell nozzles shall be marked in accordance with the appropriate European 
Standard for flanges. Marking shall include the following information: 

• manufacturer’s name or mark; 

• size and pressure rating; 

• steel grade; 

• identification number; and 

• stamp of the manufacturer’s inspector. 

6.1.3.4 Inspection documentation in accordance with EN 10204:2004, certificate 3.1 shall be supplied 
with flanges used in nozzles attached to materials requiring inspection documentation in accordance 
with EN 10204:2004, certificate 3.1. This shall include the name of the producer of the initial material 
and the mechanical properties of the finished forging. 

Inspection documentation in accordance with EN 10204:2004, Test report 2.2 shall be supplied with 
other flanges. 

Flanges for roof nozzles, manholes and clean-out doors can be cut from plates. The quality of the cut 
flange should be guaranteed by the manufacturer of the flange, either by using plate with specified 
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transverse properties in accordance with Z15 of EN 10164, or by ultrasonic inspection to ensure the 
absence of laminations. 

6.1.4 Pipes 

6.1.4.1 Pipes used for nozzle bodies shall be either seamless tubes or longitudinal welded tubes in 
accordance with the appropriate parts of EN 10216 or EN 10217. 

6.1.4.2 The mechanical properties of pipes shall also be in accordance with 6.1.6 and 6.1.7. 

6.1.4.3 Pipes provided for piping connected to the shell shall be marked in accordance with the 
appropriate parts of EN 10216 or EN 10217. 

6.1.4.4 Inspection documentation in accordance with EN 10204:2004, certificate 3.1 shall be supplied 
with pipes used in nozzles attached to materials requiring inspection documentation in accordance with 
EN 10204:2004, certificate 3.1. This shall include the name of the producer of the initial material and 
mechanical properties of the finished piping. 

6.1.4.5 Inspection documentation in accordance with EN 10204:2004, Test report 2.2 shall be supplied 
with other piping. 

6.1.4.6 Pipes provided for the manufacture of heating coils shall be in accordance with an appropriate 
European material standard and, if necessary, should conform to EN 13480. 

6.1.5 Welding consumables 

Welding consumables shall be in accordance with EN 13479, and, shall be used in the approval 
procedures in accordance with Clause 17. Inspection documentation in accordance with 20.1 shall be 
supplied. 

The approval procedure test shall demonstrate that the yield strength and tensile strength of the welded 
joint exceeds the strength of the base materials being joined. 

The welded joint shall also be chemically compatible with the materials being joined and the stored 
product. 

6.1.6 Charpy V-notch impact energy requirements of carbon and carbon manganese steels 

6.1.6.1 General 

When specified in the relevant clause of this document, Charpy V-notch impact energy testing shall be 
carried out in accordance with EN ISO 148-1. The impact energy value shall be in accordance with the 
requirements of the relevant material specification or weld metals in accordance with 6.1.6.3. 

The specified Charpy V-notch impact test values for plates, forgings, pipe and weld metal are determined 
from three specimens, the value taken shall be the average of the three results. The individual value of 
only one specimen shall be not less than 70 % of the specified minimum average value. When the material 
is less than 10 mm thick, 10 mm × 5 mm specimens shall be used and they shall demonstrate 50 % of the 
values specified for full size specimens. 

6.1.6.2 Plates 

The required impact test temperatures and levels of impact energy for the shell plates, bottom annular 
plates, plates of membrane roofs and roof compression areas shall conform to the requirements of the 
material specifications specified in 6.1.1. For shell plates and bottom annular plates purchased to an 
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alternative specification, then the impact test temperature and levels of impact energy shall conform to 
the requirements of Annex F. 

Impact testing shall not be required for bottom plates other than annular plates. 

Impact testing of bottom annular plates shall not be required when the shell plates attached to them are 
not required to be impact tested. 

Impact testing shall not be required for shell plates, or materials attached to shell plates, less than 6 mm 
thick, nor when the minimum design metal temperature and the thickness are within the limits given in 
Table 11. 

Table 11 — Conditions for waiving impact testing 

Minimum design metal temperature 

°C 

Thickness 

mm 

≥ + 10 ≤ 20 

0≥  + 10 ≤ 13 

– 10 ≥ 0 ≤ 10 

< – 10 ≤   6 

6.1.6.3 Weld metals 

6.1.6.3.1 Weld metals for carbon and carbon manganese steels shall be impact tested when the materials 
they are joining are required to be impact tested at 0 °C or lower. Impact testing of weld metals shall not 
be required where plate materials are exempt from impact testing in accordance with 6.1.6.2. When 
impact testing is required, weld metal specimens shall be removed from the welding procedure test 
plates required by Clause 17 and shall meet the requirements of 6.1.6.3.2. 

6.1.6.3.2 Shell welds shall be impact tested at the test temperature required for the plate material and 
shall show not less than the value required for the thicker plate material. When connections are made 
between materials of different thicknesses or different grades, then the impact requirements for the weld 
metal shall be the more stringent of the two. 

6.1.7 Mountings 

6.1.7.1   Unless otherwise agreed (see A.2), reinforcing plates, insert plates, nozzle bodies and flanges 
shall be of the same general type of material as the shell plates to which they are welded. They shall also 
conform to the impact energy requirements of 6.1.6. The nominal thickness, e, for use in Figure 1 shall be 
taken as the nominal thickness of the component except for the following: 

a) Weld-neck flanges 

The nominal thickness shall be taken as the thickness at the weld or 25 % of the flange thickness, 
whichever is greater. 

b) Hubbed or plain slip-on flanges 

The nominal thickness shall be taken as the nominal thickness of the branch, en, to which the flange is 
welded or 25 % of the flange thickness, whichever is greater. 

6.1.7.2 Insert plates of ferritic steel which exceed 40 mm thickness shall show Charpy V-notch impact 
energy values ≥ 27 J at -50 °C, irrespective of the design metal temperature. 
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6.1.7.3 Permanent attachment materials shall show the same Charpy V-notch impact energy values as 
the shell plates to which they are welded. 

6.1.8 Thickness tolerances 

6.1.8.1 The measured thickness at any point more than 25 mm from the edge of any nominal thickness 
of  bottom, shell, roof or annular plate (e) shall be not less than the specified thickness less half the total 
thickness tolerance specified in EN 10029:2010, Table 1: class D (see Figure 2 a)). 

6.1.8.2 The measured thickness at any point more than 25 mm from the edge of shell plates and roof 
plates whose thickness has been calculated shall not be less than the calculated minimum thickness (ec), 
e.g. EN 10029:2010, Table 1: class C, i.e. only positive tolerances are permitted (see Figure 2 b)). 

 

 

 

 

a) Nominal plates (see 6.1.8.1) b) Calculated thickness plates (see 6.1.8.2) 

 

Key 

e nominal thickness (bottom, annular, shell or roof plates) 

ec calculated minimum thickness of plate including any corrosion allowance 

t total thickness tolerance 

t1 minus ½ total thickness tolerance 

t2 plus ½ total thickness tolerance 

1 minimum allowed thickness 

Figure 2 — Plate thickness tolerances 

6.2 Stainless steels 

6.2.1  Selection of materials 

All stainless steel plates and drawn products used in the manufacture of tanks conforming to this 
standard shall be in accordance with table 12. 
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Table 12 — Stainless steels for tank fabrication 

Steel grade 

Steel name Steel number 

Austenitic   

X2CrNi18-9 1.4307 

X2CrNi19-11 1.4306 

X2CrNiN18-10 1.4311 

X5CrNi18-10 1.4301 

X6CrNiTi18-10 1.4541 

X6CrNiNb18-10 1.4550 

X1CrNi25-21 1.4335 

X2CrNiMo17-12-2 1.4404 

X2CrNiMoN17-11-2 1.4406 

X2CrNiMoN20-8-1 1.4420 

X5CrNiMo17-12-2 1.4401 

X1CrNiMoN25-22-2 1.4466 

X6CrNiMoTi17-12-2 1.4571 

X6CrNiMoNb17-12-2 1.4580 

X2CrNiMo17-12-3 1.4432 

X2CrNiMoN17-13-3 1.4429 

X3CrNiMo17-13-3 1.4436 

X2CrNiMo18-14-3 1.4435 

X2CrNiMoN18-12-4 1.4434 

X2CrNiMo18-15-4 1.4438 

X2CrNiMoN17-13-5 1.4439 

X1NiCrMoCu31-27-4 1.4563 

X1NiCrMoCu25-20-5 1.4539 

X1CrNiMoCuN25-25-5 1.4537 

X1CrNiMoCuN20-18-7 1.4547 

X1NiCrMoCuN25-20-7  1.4529 

Austenitic-ferritic   

X2CrNiN23-4 1.4362 

X2CrMnNiN21-5-1 1.4162 

X2CrNiN22-2 1.4062 

X2CrNiMoN22-5-3 1.4462 

X2CrNiMoCuN25-6-3 1.4507 
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Steel grade 

Steel name Steel number 

X2CrNiMoN25-7-4 1.4410 

X2CrNiMoCuWN25-7-4 1.4501 

X2CrNiMnMoCuN24–4-3–2 1.4662 

Stainless steels selected from EN 10088-1 

 

Grades that are not listed in Table 12 are applicable when in accordance with F.3. For more detailed 
information regarding material selection in general see F.3. 

Martensitic stainless steels shall not be used. 

Ferritic stainless steels shall be limited to a maximum thickness of 10 mm. 

6.2.2 Plates and drawn products 

The following properties and requirements shall be in accordance with EN 10088-2 for plate materials 
and EN 10088-3 for drawn product materials. 

• Chemical properties 

• Mechanical properties 

• Surface finish 

• Marking of plates and drawn products 

Depending on the stored product, all information which will allow the manufacturer to order the 
materials shall be specified (see A.1). 

For tanks intended to operate at elevated temperatures, the required values of 0,2 % proof yield strength 
shall be determined by interpolation of the values specified in EN 10088-2 or EN 10088–3. 

The materials shall be marked as required by the tank manufacturer (see A.5). 

Inspection documentation in accordance with EN 10204, Inspection certificate 3.1 shall be supplied for 
plate materials and drawn products. 

6.2.3 Forgings 

6.2.3.1 Forgings shall be manufactured from stainless steel products by open die forging or ring rolling 
in accordance with EN 10222-5 and EN 10250-4. 

6.2.3.2 The mechanical properties of forgings shall be equivalent to the properties used in the tank 
design. 

6.2.3.3 Flanges provided for shell nozzles shall be marked by stamping or indelible paint. Marking shall 
include the following information: 

• manufacturer’s name or mark; 

• size and pressure rating; 
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• steel grade; 

• identification number; and 

• stamp of the manufacturer’s inspector. 

6.2.4.4 Flanges shall be supplied with inspection documentation in accordance with EN 10204:2004, 
Inspection certificate 3.1, including the name of the producer of the initial material and mechanical 
properties of the finished flange. 

NOTE Flanges for roof nozzles, manholes and clean-out doors can be cut from plate. 

6.2.4 Pipes 

6.2.5.1 Pipes used for nozzles shall be either stainless steel seamless tubes or longitudinal welded tubes 
in accordance with EN 10216-5 or EN 10217-7. 

6.2.5.2 Mechanical properties of pipes shall be equivalent to the properties used in the tank design. 

6.2.5.3 Pipes for piping connected to the shell shall be marked by stamping or indelible paint. Marking 
shall include the following information: 

• manufacturer’s name or mark; 

• steel grade; 

• identification number; and 

• stamp of the manufacturer’s inspector. 

6.2.5.4 Pipes shall be supplied with inspection documentation in accordance with EN 10204:2004 
Inspection certificate 3.1, including the name of the producer of the initial material. 

6.2.5.5 Pipes provided for the manufacture of heating coils shall be in accordance with EN 10216-5 or 
EN 10217-7 and, if necessary (specified by the purchaser – see Annex. A.1) shall be designed and 
fabricated in accordance with EN 13480. 

6.2.5 Welding consumables 

Welding consumables shall be in accordance with EN ISO 3581, shall be supplied with the appropriate 
inspection documentation, and shall be used in the approval procedures in accordance with Clause 17. 

The approval procedure tests shall demonstrate that the yield strength and tensile strength of the welded 
joint exceeds the strength of the base materials being joined. 

The welded joint shall be chemically compatible with the materials being joined and the stored product. 

6.3  Anchors and structural bolts 

All anchors and structural bolts shall have metric threads in accordance with EN ISO 898 and, unless 
otherwise agreed between purchaser and contractor, carbon steel bolts should be hot dip galvanized 
according to EN ISO 1461 (see Annex A.2). 

For accepted bolt materials see Table 12 and Table 14. 
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Table 13 — Accepted bolt materials 

Standard Designation Max. Thickness 

EN ISO 898-1 4.6 M≤39 

 5.6 M≤39 

 8.8 M≤39 

EN 20898-2 5 M≤39 

 8 M≤39 

EN 10269 C35E 

according to EN 10269 

 C45E 

 35B2 

 20Mn5 

 25CrMo4 

 42CrMo4 

 42CrMo5-6 

 40CrMoV4-6 

 27NiCrMoV15-6 

 26 NiCrMo 14-6 

 21CrMoV5-7 

 20CrMoVTiB4-10 

 34CrNiMo6 

 30CrNiMo8 

 X12Ni5 

 X8Ni9 

 X15CrMo5-1 

 X22CrMoV12-1 

 X12CrNiMoV12-3 

 X19CrMoNbVN11-1 

 X2CrNi18-9 

 X5CrNi18-10 

 X4CrNi18-12 

 X2CrNiN18-10 

 X6CrNi25-20 

 X2CrNiMo17-12-2 

 X5CrNiMo17-12-2 

 X2CrNiMoN17-13-3 

 X3CrNiCu18-9-4 

 X6CrNi18-10 

 X10CrNiMoMnNbVB15-10-1 

 X3CrNiMoBN17-13-3 

 X6CrNiMoB17-12-2 

 X6CrNiTiB18-10 
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 X6NiCrTiMoVB25-15-2 

 X7CrNiMoBNb16-16 

EN ISO 3506-1 A2-50 

according to EN ISO 3506 
A4-50 

A2-70 

A4-70 

Table 14 — Characteristic values for 0.2% proof strength for bolts to EN ISO 3506-1 

Group 
Strength 

class 
diameter 

Characteristic values for 0,2 proof strength R0.2 at 

100 °C 200 °C 300 °C 400 °C 

MPa min. 

A2 and A4 

50 ≤M39 175 155 135 125 

70 
≤M24 380 360 335 315 

>M24 to ≤M30 210 200 185 175 

 

For carbon steel bolts material test report 2.2 according to EN 10204:2004 and for stainless steel bolt 
materials certificate 3.1 according to EN 10204:2004 is requested. 

The proof strength values for elevated temperature according to Table 14 shall be proofed by material 
tests. 

Allowable stresses of anchor materials shall be as given in 12.3.1. 

7 Design loads 

7.1 Loads 

The design shall take account of the loads listed below and specified in 7.2.1 to 7.2.14: 

a) liquid induced loads during operation and testing; 
b) internal positive and negative pressure loads during operation and testing; 
c) thermally induced loads; 
d) dead loads; 
e) insulation loads; 
f) live loads; 
g) concentrated live loads; 
h) snow loads; 
i) rainfall induced loads; 
j) wind loads; 
k) seismic loads; 
l) loads resulting from connected piping and attachments; 
m) foundation settlement loads; and 
n) emergency loads. 
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7.2 Load values 

7.2.1 Liquid induced loads 

During operation, the load due to the contents shall be the design weight of the product to be stored from 
the maximum design liquid level to empty. 

During test, the load due to the contents shall be the weight of the test medium from the maximum test 
liquid level to empty. 

7.2.2 Internal pressure loads 

During operation, the internal pressure load shall be the load due to the specified design pressure and 
design internal negative pressure. 

During test, the internal pressure load shall be the load due to the specified test pressure and test internal 
negative pressure. 

7.2.3 Thermally induced loads 

When the stored product needs to be kept at an elevated temperature, the resulting thermal loads shall 
be evaluated. 

NOTE For tanks designed to operate at 100 °C or less, loads resulting from temperature effects can be ignored. 

7.2.4 Dead loads 

The dead loads shall be considered as those resulting from the weight of all component parts of the tank 
and components permanently attached to the tank, for example ladders, platforms. 

7.2.5 Insulation loads 

The loads shall be those resulting from the self-weight of the insulation with its cladding. 

7.2.6  Distributed live load 

The distributed live load shall be taken from EN 1991-1-1 and shall be subject to agreement (see A.2) see 
also National normative annexes for applicable loads per country/region. 

7.2.7  Concentrated live load 

The concentrated live load shall be subject to agreement (see A.2). 

7.2.8 Snow loads 

The snow loads shall be in accordance with EN 1991-1-3. 

The snow load shall be taken into account even at the highest stored liquid temperature in the case of 
tanks with an insulated roof. 

The stability of the roof with the relevant strength characteristic value shall be proved both for snow load 
in the cold state and also without snow load at operating temperature in the case of tanks with a non-
insulated roof an operating temperature > 50 °C. 

7.2.9 Rainfall loads 

The loads applied to floating roofs shall be in accordance with D.3.2. 
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7.2.10 Wind 

7.2.10.1 Horizontal wind pressure 

The 3 second wind gust velocity (Vw) to be used in the design shall be not less than 45 m/s. Where the 3 
second wind gust velocities are expected to exceed 45 m/s and or the tank shell is higher than 30 m,  
national data shall be consulted to establish an appropriate value for the average 3 second wind gust 
velocity (V) which shall be subject to agreement (see A.2). The appropriate design 3 second wind gust 
velocity (Vw) shall be calculated according to the following formula: 

Vw = V × S1 × S2 × S3 × S4 (1) 

where 

Vw is the design 3 second wind gust velocity 

V is the average 3 second wind gust velocity based on national data (see EN 1991-1-4) 

S1 is the factor to take funnelling effect to exposed hill sides into account (S1 = 1,0 for 
unexposed areas and S1 = 1,10 for exposed hill sides 

S2 is the factor to take tank shell height into account: 

S2 = 1,00 for tank shell height ≤ 10 m; 

S2  =1,03 for heights of tank shell 10 < H ≤ 20 m; 

 

S2 = 1,07 for heights of tank shell 20 < H ≤ 30 m; 

  

For higher tanks use formula of curve: y = 0,00005 X2 + 0,0015 X +0,98, resulting is the following 
values of factor S2 

S2 = 1,12 for heights of tank shell 30 < H ≤ 40 m 

S2 = 1,18 for heights of tank shell 40 < H ≤ 50 m 

S2 = 1,25 for heights of tank shell ≤ 60 m. 

S3 = statistical factor: use S3 = 1,0 for cylindrical tanks having a design working life of 50 
years. In case the design working life differs from the specified 50 years period as detailed 
in EN 1991-1-4 (wind loads), the S3 factor shall be multiplied by a probability factor (Cprob) 
that is to be assessed from the formula: 

 

𝐶𝑝𝑟𝑜𝑏 = [
1+𝐾∗ln(𝑇)

(1+𝐾∗ln(50))
]

𝑛

 (2) 

where 

T = actual design working life. 

The values for factors K and n can be found in the National Annexes to EN 1991-1-4, but the recommended 
values are K = 0,2 and n = 0,5 respectively. 

When national data expresses the average wind gust velocity in other than the 3 second gust averaged 
value, a conversion factor S4 shall be used to find the 3 second average wind gust velocity by using the 
formula: 
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