This is a preview of DS/EN 13445-3:2021+A1:2026. Click here to purchase the full version from the ANSI store.

2026-04-20

Ufyrede trykbeholdere - Del 3: Konstruktion

Unfired pressure vessels - Part 3: Design

DANSK STANDARD
Danish Standards Association

Goteborg Plads 1
DK-2150 Nordhavn

Tel: +45 3996 61 01
dansk.standard@ds.dk

www.ds.dk

© Dansk Standard - Eftertryk uden tilladelse forbudt


https://webstore.ansi.org/Standards/DS/DSEN134452021A12026?source=preview

This is a preview of DS/EN 13445-3:2021+A1:2026. Click here to purchase the full version from the ANSI store.

DS/EN 13445-3:2021+A1:2026

Kgbenhavn
DS projekt: M401382
ICS: 23.020.30

Fgrste del af denne publikations betegnelse er:
DS/EN, hvilket betyder, at det er en europzeisk standard, der har status som dansk standard.

Denne publikations overensstemmelse er:
IDT med: EN 13445-3:2021+A1:2026

Denne publikation erstatter: DS/EN 13445-3:2021

[ tilfeelde af redaktionelle fejl i DS-publikationen kan der skrives til:
editorial-mistakes@ds.dk

ADVARSEL: DS-publikationer revideres over tid. Derudover kan sidanne publikationer andres ved rettelsesblade og/eller tillaeg.
Der kan ogsa udgives rettelsesblade, der udelukkende angar overszattelsen af en publikation. Det er derfor vigtigt at sikre sig, at man
benytter en gaeldende udgave, medmindre fx lovgivning kraever andet. Den enkelte publikations status fremgar af
https://webshop.ds.dk/. Her kan man desuden tilmelde sig en gratis notifikationsservice og fglge en udgivet DS-publikations udvikling
ved at klikke pa “Fglg”.

En oversigt over forskellige DS-publikationstyper og -betegnelser findes her:
https://www.ds.dk/publikationstyper .

Indholdet i dette dokument er ophavsretligt beskyttet, herunder tekst, grafik, billeder og lyd. Fonden Dansk Standard forbeholder sig
udtrykkeligt alle rettigheder til at udnytte indholdet til tekst- og datamining, jf. ophavsretslovens § 11 b, stk. 2, og artikel 4 i direktiv
(EU) 2019/790. Enhver udnyttelse af indholdet i dette dokument til tekst- og dataminingformal kraever forudgaende skriftlig, specifik
tilladelse fra Fonden Dansk Standard.

In case of editorial errors in the DS publication, please write to:
editorial-mistakes@ds.dk

NOTICE: DS publications are revised over time. In addition, such publications may be altered by corrigenda and/or amendments. Also,
corrigenda may be published solely in relation to the translation of a publication. It is therefore important to ensure that the edition
used is valid, unless, for example, legislation requires otherwise. The status of each publication can be found at
https://webshop.ds.dk/. Here you can also sign up for a free notification service and follow the progress of a published DS publication
by clicking on "Follow".

An overview of different DS publication types and designations can be found here:
https://www.ds.dk/publikationstyper .

The content of this document, including text, graphics, images, and audio, is protected by copyright. The Danish Standards Foundation
explicitly reserves all rights regarding the use of its content for text and data mining purposes in accordance with Section 11b(2) of
the Danish Copyright Act and Article 4 of Directive (EU) 2019/790. Any use of the content of this document for text and data mining
purposes requires prior, written, specific permission from the Danish Standards Foundation.


https://webshop.ds.dk/standard/M350900/ds
mailto:editorial-mistakes@ds.dk
https://www.ds.dk/publikationstyper
mailto:editorial-mistakes@ds.dk
https://www.ds.dk/publikationstyper
https://webstore.ansi.org/Standards/DS/DSEN134452021A12026?source=preview

DS/EN 13445-3:2021+A1:2026

This is a preview of DS/EN 13445-3:2021+A1:2026. Click here to purchase the full version from the ANSI store.

ESR S ar e s = = e = a S S o r o =

EUROPAISCHE NORM April 2026

ICS 23.020.30 Supersedes EN 13445-3:2021

English Version

Unfired pressure vessels - Part 3: Design

Récipients sous pression non soumis a la flamme - Unbefeuerte Druckbehélter - Teil 3: Konstruktion
Partie 3: Conception

This European Standard was approved by CEN on 24 February 2021 and includes Amendment 1 approved by CEN on 18 August
2025 and Amendment 1 approved by CEN on 4 February 2026.

CEN members are bound to comply with the CEN/CENELEC Internal Regulations which stipulate the conditions for giving this
European Standard the status of a national standard without any alteration. Up-to-date lists and bibliographical references
concerning such national standards may be obtained on application to the CEN-CENELEC Management Centre or to any CEN
member.

This European Standard exists in three official versions (English, French, German). A version in any other language made by
translation under the responsibility of a CEN member into its own language and notified to the CEN-CENELEC Management
Centre has the same status as the official versions.

CEN members are the national standards bodies of Austria, Belgium, Bulgaria, Croatia, Cyprus, Czech Republic, Denmark, Estonia,
Finland, France, Germany, Greece, Hungary, Iceland, Ireland, Italy, Latvia, Lithuania, Luxembourg, Malta, Netherlands, Norway,
Poland, Portugal, Republic of North Macedonia, Romania, Serbia, Slovakia, Slovenia, Spain, Sweden, Switzerland, Tiirkiye and
United Kingdom.

. — |

EUROPEAN COMMITTEE FOR STANDARDIZATION
COMITE EUROPEEN DE NORMALISATION
EUROPAISCHES KOMITEE FUR NORMUNG

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

© 2026 CEN  All rights of exploitation in any form and by any means reserved Ref. No. EN 13445-3:2021+A1:2026 E
worldwide for CEN national Members.


https://webstore.ansi.org/Standards/DS/DSEN134452021A12026?source=preview

DS/EN 13445-3:2021+A1:2026
EN 13445-3:2021+A1:2026 (E)

This is a preview of DS/EN 13445-3:2021+A1:2026. Click here to purchase the full version from the ANSI store.

Lontents Page
EUFOPEAN fOTE@WOTM .ourieisiimseisnsisssssssssisnsssnsssssssssssssnsssssssssssssnssssssssas s sssss senssssss snsss seass s s sasas seass e s snsas sesssasssssnns nsssassssnnns 7
1 Y 614 1 8
2 \VO) @ 0B A g L) a4 L 8
3 Terms and defiNitioNS ... —————————————————— 9
4 Symbols and abbreviations ... ssss————————————————————- 12
5 Basic deSigN Crieriad. . s nan s 14
5.1 =3 1 1) o 1 14
5.2 Corrosion, erosion and Protection .....i————————————————————. 14
5.3 0 T o T 16
5.4 DesSign MEthods ... ———————————— 23
5.5 Thickness calculations (DBF) ... ssssssssssssssssssssssssssasasas 25
5.6 03 3 Lo o0 =3 i =) ¢ 26
5.7 Design requirements of welded JOINES ... ——————— 27
6 Maximum allowed values of the nominal design stress for pressure parts ... 29
6.1 =3 1 1) 1 29

6.2 Steels (except castings), other than austenitic steels covered by 6.4 and 6.5, with a
minimum rupture elongation, as given in the relevant technical specification for the
MALErial, DEIOW 30 Q0..iiiiiiiiierieiienimsisssssisnsssssssessssssssssssssss sansssssmsssssnssssssssanssnssmssnssass s sanssnsmssnssnssnsssnsanesnnss 30

6.3 Alternative route for steels (except castings), other than austenitic steels covered by 6.4
and 6.5, with a minimum rupture elongation, as given in the relevant technical

specification for the material, below 30 %.....cccccvcviininmnmsinmsmsmsmns——————— 30
6.4 Austenitic steels (except castings) with a minimum rupture elongation, A%, as given in

the relevant technical specification for the material, such as 30% < A% < 35% .ucrsmsessisnns 31
6.5 Austenitic steels (except castings) with a minimum rupture elongation, A%, as given in

the relevant technical specification for the material, such as A% > 35% ... 31
6.6 00 Y - 1 32
6.7 Nominal design stress of anchor bolting ... —————— 33
7 Shells under iNtEIrNAl PreSSUTE ... as 33
7.1 o 10 g 0 01 33
7.2 SPeCific defiNitioNS ... ————————————————————_———_ 33
7.3 Specific symbols and abbreviations.......—————————— 34
7.4 Cylindrical and spherical Shells........o s ——————————————— 34
7.5 |03 T 4 LT 0 5 U 35
7.6 Cones and CONICAl ENAS ... ———————————— 40
7.7 Nozzles which encroach into the Knuckle region..........uu——s 48
8 Shells under external PreSSUIe.. .. ————————————————————-—_—_-;———-_—_—;,. 53
8.1 o) g 010 F 53
8.2 SPeCific defINIIONS ..o ——————————————— 53
8.3 Specific symbols and definitions ... ——————————— 54
8.4 =5 1 1) o 1 56
8.5 L0072 10 0T g Cor TR 4 1= | 57
8.6 CONICAl SREIL .. ———————————————————— 79
8.7 SPhErical SHEIIS . ———————————————————— 86
8.8 BT ] =) 1 87
9 0Openings iN SHEllS ... ———————————————————— 87
9.1 1D 10 E 87


https://webstore.ansi.org/Standards/DS/DSEN134452021A12026?source=preview

DS/EN 13445-3:2021+A1:2026
EN 13445-3:2021+A1:2026 (E)

This is a preview of DS/EN 13445-3:2021+A1:2026. Click here to purchase the full version from the ANSI store.

9.2 SPECIHIC AETINITIONS ..o e a e R e 88
9.3 Specific symbols and abbreviationsS.....c s ——————————— 89
9.4 =5 1 1) i 1 92
9.5 | ET0) B U 0] 0T 1 V0 0 105
9.6 MUltiple OPENINGS ..cvvceeccisismsiisrsssssisss s s R AR 122
9.7 Openings close to a shell diSCONtINUILY.......cui e ——————— 133
10 0L 5 U 140
0 O 10 o 0 1 140
10.2  Specific defiINItIONS ..o ————————— 140
10.3 Specific symbols and abbreviations........——————————————————— 141
10.4 Unpierced circular flat ends welded to cylindrical shells........cccuniicnnnnni 142
10.5 Unpierced bolted circular flat ends ... ————————————————_ 149
10.6 Pierced circular flat €NdS......ccoummm s ——————————————————— 152
10.7 Flat ends of non-circular or annular Shape.....————————— 157
11 FLAN @S ceueeiuiucceeensnsn s e RR AR ERERRRALAE AR RAERE AR R A 161
0 I O 11 o 0 2 161
11.2  Specific defiINItIONS ..o —————————————— 161
11.3 Specific symbols and abbreviations........————————————————— 162
B O 7 1 1) o 1 164
11.5 Narrow face gasketed flanges ... —————————— 168
11.6 Full face flanges with soft ring type gaskets ... 185
11.7 Seal Welded flanges ... R e e 188
11.8 Reverse narrow face flanges......onni s ———————————— 188
11.9 Reverse full face flanges......cc———————————————————— 191
11.10 Full face flanges with metal to metal CONLACE ... ——— 195
12 Bolted dOMeEd ENAS.......cccocieimeiismsmsssssssssss s R 197
0 O 11 o 0 2 197
12.2  Specific defiINItIONS ..o ——————————————— 197
12.3 Specific symbols and abbreviations........—————————————— 197
B T 1 1) ¢ 1 198
12.5 Bolted domed ends with narrow face gaskets ... 198
12.6 Bolted domed ends with full face JOINES ... ———— 199
13 Heat Exchanger TuDeSheets........nssssssssssssssssss s ssssssssns 201
0 20 O 10 o 0 1 201
13.2  Specific definitions.....ciii s —————————————————— 201
13.3 Specific symbols and abbreviations.........——————————————— 201
13.4 U-tube tubesheet heat eXChaANGETS ... ———————————— 204
13.5 Fixed tubesheet heat eXcChangers....... s ——————————— 217
13.6 Floating tubesheet heat eXChanGers ... —————— 245
13.7 Tubesheet CharacteriStiCs ... ———————————————— 262
13.8 Maximum permissible tube to tubesheet joint Stress .......cmm———— 269
13.9 Maximum permissible longitudinal compressive stress for tubes..........cconmvernsisinssesrsrsssnns 270
13.10 Design of tubesheet flange extension with a narrow face gasket .........ccconnnssnsssssnsnsnsnsenns 273
13.11 Design of tubesheet flange extension with a full face gasket......ccooviinnnnnnsssssssnsnsssssens 276
13.12 Special tube-to-tubesheet welded jOInts......cmmmmmm——————————.. 279
14 EXPanSion DellOWS.... s sssssssssssssssssasassssssssssasass 282
s O o 10 1 F 282
14.2  SPecCific defiNitioNS ... —————————————— 282
14.3 Specific symbols and abbreviations........————————————— 284
14.4 Conditions of apPlicability ... —————————————_—————————— 286


https://webstore.ansi.org/Standards/DS/DSEN134452021A12026?source=preview

DS/EN 13445-3:2021+A1:2026
EN 13445-3:2021+A1:2026 (E)

This is a preview of DS/EN 13445-3:2021+A1:2026. Click here to purchase the full version from the ANSI store.

T4.5 U-shaped reINTOTCed DEIIOWS ... ssssssssssssssssss s assssssassssssssssssnasssnans 288
14.6 U-shaped reinforced DellOWS......ccoimimmn s 304
B A o) (0] T T 0T |0 312
B ST 21 14 g (ot 1o (o) 318
14.9 Inspection and teStING......u i ————————————————— 320
14.10 Bellows subjected to axial, lateral or angular displacements ...........cuusmsmsmsmnminsnsmsssssssssnssnnens 322
15 Pressure vessels of rectangular SECHION ... 327
00 T 10 g 010 1 327
15.2  Specific defiNItIONS ... ———————————————— 327
15.3 Specific symbols and abbreviations ... —————————— 327
ST T 1 1<) ¢ ¥ 330
15.5 UNreinforced VESSELS ... sssssssssssssssssasass 330
15.6 ReiNfOrced VESSEIS ... sssssssssassssssssssssssssssssasssssssssnsssssnss 338
BT ) 1T 11 347
16 Additional NON-pressure 10ads ... ———————————————, 348
T S 10 o 0 1T 348
16.2  Specific defiNItIONS ... —————————————— 349
16.3 Specific symbols and abbreviations.........———————————————— 349
16.4 Local loads on nozzles in spherical shells.......mmmmmmmssssssssm————————n, 350
16.5 Local loads on nozzles in cylindrical Shells ... 360
16.6  LiNE 10QAS .cciiuiiiiismsmsmsmsssssssssssssssssssssssssssssssasas s s sssnsssssssss s s e ss st sesmsa s A s R RS E SRR AR AR E SR AR SRR AR AR R R SRR 369
16.7  LiftiNG IUZS ceoerureieiciisissssssssnsssssssssssnssss s isssmsssssss s s s s s e R A SRS E e E R R AR A AR AR AR AR R AR AR R R R 375
16.8 Horizontal vessels on saddle SUPPOILS ... 378
16.9 Horizontal vessels 0N ring SUPPOILS ... 392
16.10 Vertical vessels on bracket SUPPOTES. ... ssssssssssssssssssssssssssssns 397
16.11 Vertical vessels with Supporting legs .........ccuvs————- 421
16.12 Vertical vessels With SKIIts......ssssssssssaen 423
16.13 Vertical vessels with ring SUPPOTLS ... 455
16.14 Global loads on cylindrical Shells..... i ————————— 465
16.15 Global loads on conical shells and conical transition without Knuckles .........ccocuvrerinsnnnnns 475
17 Simplified assessment of fatigue life.........cunvrinnnnn———————— 481
0 T 11 g 1 F 481
17.2  SPecCific defiNItiONS iR e 482
17.3 Specific symbols and abbreviations ... ——————————— 484
17.4 Conditions of apPlicability ... ———————————————_ 486
B T 7 1 1= Y 487
17.6 Determination of allowable number of pressure and thermal cycles.......iiicsnsssnsnnens 493
17.7  ASSESSIMENE FULE...cciiisisesssescssisssi s AR AR s 519
17.8 Design and MANUFACLUTE ... s s ssasass 519
B TR T ) 1 520
18 Detailed assessment of fatigue life ... ———— 520
200 T o 0 g 010 T 520
18.2  Specific defiNItIONS ... ———————————————— 523
18.3 Specific symbols and abbreviations ... ————————————— 527
B2 R 9 101D L= L0 1 529
18.5 Process for detailed fatigue aSSESSMENT......ccoinnmnmsmsssmms s ——————————— 531
18.6 Determination of stresses for fatigue assessment of welded components and zones...... 533
18.7 Stresses for fatigue assessment of unwelded components and boIts.......cuunnissssnsssnsnnens 535
18.8 Elastic-plastic CONAItiONsS ... s 537
18.9 Cycles of equivalent stress range Aaeq .............................................................................................. 539
18.10 Fatigue strength of welded COMPONENLS .......cccovmnmnnmsmismssmsmssmssss s 539

4


https://webstore.ansi.org/Standards/DS/DSEN134452021A12026?source=preview

DS/EN 13445-3:2021+A1:2026
EN 13445-3:2021+A1:2026 (E)

This is a preview of DS/EN 13445-3:2021+A1:2026. Click here to purchase the full version from the ANSI store.

T8.1T Fatigue strength of unwelded COMPONENTES ... ssasessssssseees 563
18.12 Fatigue strength of steel DOIts.......innn s —————————— 569
18.13 Cumulative fatigue damage INAEX ... ———————————————— 571
19 00 o 030 1) . 572
B0 200 T 11 g 010 . 572
19.2  Specific defiNitions.....ciii s ——————————————————————— 572
19.3 Specific symbols and abbreviations........———————————————— 573
19.4 Design in the Creep range ... ——————————————————— 573
19.5 Nominal design stress in the creep range.......u—————————————— 574
19.6 Weld joint factor in the creep range ........——————————————— 577
19.7 Pressure loading of predominantly non-cyclic nature in the creep range .........cccoceeeeennnas 578
19.8 Design procedures for DBF ... s 578
20 Design rules for reinforced flat walls.......coonnnnn——————— 581
0100 T <5 1 ) i 1 581
20.2  Stayed flat WallS.... s R 581
20.3 Specific definitions for stayed flat walls........ccumiimmm————————————— 581
20.4 Required thickness of stayed flat Walls ........ccovninmm————————— 581
20.5 Required dimensions and layout of staybolts and Stays ........—————- 581
20.6 Requirements for threaded staybolts ... —————————————— 582
20.7 Requirements for welded-in staybolts and welded Stays......cmmmmm————" 582
20.8 Tables for stayed flat WallS........oonmnmnn s —————————————— 583
20.9 Figures for Stayed FIat WallS ... ssssssssssns 583
21 Circular flat ends with radial reinforcement ribs........cu————— 585
/5 1 O 11y 410 T < 585
% Y 1Tl i (ol U=y i UL () 4 585
21.3 Specific symbols and abbreviations.........ouum s —————————— 588
21.4 Ends without additional peripheral bending moment ..........ccunnn——— 589
21.5 Ends with additional peripheral bending moment.........ccommn———— 591
2 T T 0. 5 = 111 0 . 593
2% A ) U 593
2% T T O 11 o= 10 3 594
22 Static analysis of tall vertical vessels on SKirts.......cn 595
777 O )y 010 1 595
22.2  Specific defiNitioNS ... ———————————————————_————_ 595
22.3 Specific symbols and abbreviations........ms————————————— 595
A 1 Y Vo 597
72T W0 U 1034103 0 T (0] 4 600
22.6 Stress analysis of pressure vessel shells and SKirts ... 600
22.7 Design of joint between skirt and pressure vessel (at dished end or cylindrical shell).. 601
22.8 Design of anchor bolts and base ring assembly ... ————————————— 601
7285 B 3010 1T B 1 10 0 0 0= U 601
A7 20 W0 Y00 o 15 Q3 1 L6 1 b 602
Annex A (normative) Design requirements for pressure bearing welds ..........ccovvvniinnnsnsnsssnscnnns 605
Annex B (normative) Design by Analysis — Direct ROUte........coovmnmnmnmnssssssssssssssssssssssssssssssssssssssseses 622
Annex C (normative) Design by analysis — Method based on stress categories.......cmsnsens 652
Annex D (informative) Verification of the shape of vessels subject to external pressure............ 673
Annex E (normative) Procedure for calculating the departure from the true circle of cylinders

1 (L0 00 (LT 680


https://webstore.ansi.org/Standards/DS/DSEN134452021A12026?source=preview

DS/EN 13445-3:2021+A1:2026
EN 13445-3:2021+A1:2026 (E)

This is a preview of DS/EN 13445-3:2021+A1:2026. Click here to purchase the full version from the ANSI store.

Annex F (normative) Allowable external pressure for vessels outside circularity tolerance....683

Annex G (normative) Alternative design rules for flanges and gasketed flange connections .... 685

Annex H (informative) Gasket factors m and Y. 735
Annex I (normative) Additional information on heat exchanger tubesheet design..........ceceeveeuuns 738
Annex ] (normative) Alternative method for the design of heat exchanger tubesheets............... 742
Annex K (informative) Additional information on expansion bellows design.........cccoounenrsnsnnnss 789
Annex L (informative) Basis for design rules related to additional non-pressure loads.............. 797

Annex M (informative) In service monitoring of vessels operating in fatigue or creep service 799

Annex N (informative) Bibliography to Clause 18 ... 802
Annex NA (informative) Examples of determination of the structural hot-spot stress by finite
element analysis using shell or solid elements...........c.coonn——— 803
Annex NB (informative) Cycle counting and determination of equivalent stress range .............. 813
Annex NC (informative) Fatigue assessment of partial penetration welds ........ccevcininisnnrsnsnseanns 846

Annex ND (informative) Examples of stress concentrations o{gtg] and stress concentration

2 0L ) 5 4 S 853
Annex O (informative) Physical properties of steels ........m————— 857
Annex P (normative) Classification of weld details to be assessed using principal stresses......865
Annex Q (normative) Simplified procedure for the fatigue assessment of unwelded zones ......878
Annex R (informative) Coefficients for creep-rupture model equations for extrapolation of
creep-rupture StreNGth... s ————————————— 879
Annex S (informative) Extrapolation of the nominal design stress based on time-independent
behaviour in the Creep range ... ——————————————————————— 886
Annex T (normative) Design by experimental methods........cvin—— 893
Annex U (informative) Guidance on negligibility of additional thermal cycles in fatigue and
TFatCheting ASSESSIMEN ... iR e e 906
Annex V (informative) Consider a buffer for unknown nozzle loads — Opening design for
UNKNOWN NOZZIE 10@dS....ciiinieciisimsisisssssssssssssssssssssss s sssssssssssss s ssasssssssssssssssssssssssssssssssssasass 914
Annex Y (informative) History of EN 13445-3 ... 915

Annex ZA (informative) Relationship between this European Standard and the essential
requirements of Directive 2014/68/EU aimed to be covered........ccummmmmmmmmmmmmmms 918



https://webstore.ansi.org/Standards/DS/DSEN134452021A12026?source=preview

DS/EN 13445-3:2021+A1:2026
EN 13445-3:2021+A1:2026 (E)

This is a preview of DS/EN 13445-3:2021+A1:2026. Click here to purchase the full version from the ANSI store.

European foreword

This document (EN 13445-3:2021+A1:2026) has been prepared by Technical Committee CEN/TC 54 |
“Unfired pressure vessels”, the secretariat of which is held by BSI.

This European Standard shall be given the status of a national standard, either by publication of an
identical text or by endorsement, at the latest by October 2026, and conflicting national standards
shall be withdrawn at the latest by October 2026.

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

This document includes Amendment 1, approved by CEN on 18 August 2025.
This document supersedes EN 13445-3:2021.

This document has been prepared under a standardization request addressed to CEN by the
European Commission. The Standing Committee of the EFTA States subsequently approves these
requests for its Member States.

For relationship with EU Legislation, see informative Annex ZA, which is an integral part of this
document.

This new edition incorporates the Amendments which have been approved previously by CEN
members, and the corrected pages up to Issue 5 without any further technical change. Annex Y
provides details of significant technical changes between this European Standard and the previous
edition.

Corrections to the standard interpretations where several options seem possible are conducted
through the Migration Help Desk (MHD). Information related to the Help Desk can be found at
https://unm.fr/en/maintenance-agencies/maintenance-agency-en-13445/. A form for submitting |
questions can be downloaded from the link to the MHD website. After subject experts have agreed

an answer, the answer will be communicated to the questioner. Corrected pages will be given specific
issue number and issued by CEN according to CEN Rules. Interpretation sheets will be posted on the
website of the MHD.

Alist of all parts in the EN 13445 series can be found on the CEN website.

Although these Parts may be obtained separately, it should be recognised that the Parts are inter-
dependant. As such the manufacture of unfired pressure vessels requires the application of all the
relevant Parts in order for the requirements of the Standard to be satisfactorily fulfilled.

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

This Part of this document specifies requirements for the design of unfired pressure vessels covered by
| EN 13445-1:2021 and constructed of steels in accordance with EN 13445-2:2021+A1:2023.

EN 13445-5:2021, Annex C specifies requirements for the design of access and inspection openings,
closing mechanisms and special locking elements.

NOTE This Part applies to design of vessels before putting into service. [t may be used for in service calculation
or analysis subject to appropriate adjustment.

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 286-2:1992, Simple unfired pressure vessels designed to contain air or nitrogen — Part 2: Pressure
vessels for air braking and auxiliary systems for motor vehicles and their trailers

EN 764-1:2015+A1:2016, Pressure equipment — Terminology — Part 1: Pressure, temperature, volume,
nominal size

EN 764-2:2012, Pressure equipment — Part 2: Quantities, symbols and units
EN 764-3:2002, Pressure equipment — Part 3: Definition of parties involved

EN 837-1:1996, Pressure gauges — Part 1: Bourdon tube pressure gauges — Dimensions, metrology,
requirements and testing

EN 837-3:1996, Pressure gauges — Part 3: Diaphragm and capsule pressure gauges — Dimensions,
metrology, requirements and testing

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

EN 1591-1:2013, Flanges and their joints — Design rules for gasketed circular flange connections —
Calculation method

EN 1708-1:2010, Welding — Basic weld joint details in steel — Part 1: Pressurized components
EN 1990:2023, Eurocode — Basis of structural and geotechnical design
EN 1991-1-4:2005D, Eurocode 1: Actions on structures — Part 1-4: General actions — Wind actions

EN 1991-1-6:2005%, Eurocode 1 — Actions on structures — Part 1-6: General actions — Actions during
execution

EN 1992-1-1:2023, Eurocode 2 — Design of concrete structures — Part 1-1: General rules and rules for
buildings, bridges and civil engineering structures

1 EN 1991-1-4:2005 is impacted by the stand-alone amendment EN 1991-1-4:2005/A1:2010 and the
corrigendum EN 1991-1-4:2005/AC:2010.
2) EN 1991-1-6:2005 is impacted by the corrigendum EN 1991-1-6:2005/AC:2013.
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EN T998-1:20043J, Design of structures for earthquake resistance — Part 1: General rules, seismic actions |
and rules for buildings

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

EN 10222-1:2017, Steel forgings for pressure purposes — Part 1: General requirements for open die |
forgings

EN 12195-1:2010%, Load restraining on road vehicles — Safety — Part 1: Calculation of securing forces

EN 12952-3:2022, Water-tube boilers and auxiliary installations — Part 3: Design and calculation for
pressure parts of the boiler

EN 13445-1:2021, Unfired pressure vessels — Part 1: General
EN 13445-2:2021+A1:2023, Unfired pressure vessels — Part 2: Materials

EN 13445-4:2021+A1:2023, Unfired pressure vessels — Part 4: Fabrication

EN 13445-5:2021, Unfired pressure vessels — Part 5: Inspection and testing

EN 13445-8:2021, Unfired pressure vessels — Part 8: Additional requirements for pressure vessels of
aluminium and aluminium alloys

EN 13555:2021, Flanges and their joints — Gasket parameters and test procedures relevant to the design |
rules for gasketed circular flange connections

EN ISO 4014:2022, Fasteners — Hexagon head bolts — Product grades A and B (1SO 4014:2022)
EN ISO 4016:2022, Fasteners — Hexagon head bolts — Product grade C (1S0 4016:2022)

EN ISO 15613:2004, Specification and qualification of welding procedures for metallic materials —
Qualification based on pre-production welding test (ISO 15613:2004)

IS0 261:1998, ISO general purpose metric threads — General plan
3 Terms and definitions

For the purposes of this Part of this document, the terms and definitions given in EN 13445-1:2021,
EN 13445-2:2021+A1:2023 and the following apply:
ISO and IEC maintain terminological databases for use in standardization at the following addresses:

e [EC Electropedia: available at http://www.electropedia.org/

e [SO Online browsing platform: available at http://www.iso.org/obp

NOTE EN 13445-1:2021 and EN 13445-2:2021+A1:2023 have adopted terminology, symbols and definitions
of EN 764-1:2015+A1:2016, EN 764-2:2012 and EN 764-3:2002.

3) EN 1998-1:2004 is impacted by the stand-alone amendment EN 1998-1:2004/A1:2013
4) EN 12195-1:2010 is impacted by the corrigendum EN 12195-1:2010/AC:2014
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3.1
action

imposed thermo-mechanical influence which causes stress and/or strain in a structure, e.g. an imposed
pressure, force, temperature

3.2
analysis thickness
effective thickness available to resist the loading depending on the load case, see 5.3.2

3.3
assumed thickness

thickness assumed by the designer between the minimum required shell thickness e and the shell
analysis thickness e,

34
calculation pressure
differential pressure used for the purpose of the design calculations for a component

[SOURCE: EN 764-1:2015+A1:2016]

3.5
calculation temperature
temperature used for the purpose of the design calculations for a component

[SOURCE: EN 764-1:2015+A1:2016]

3.6
chamber
fluid space within a unit of pressure equipment

[SOURCE: EN 764-1:2015+A1:2016]

3.7
component
part of pressure equipment which can be considered as an individual item for the calculation

[SOURCE: EN 764-1:2015+A1:2016]

3.8
creep range
temperature range in which material characteristics used in design are time dependent

Note 1 to entry: See also 5.1.

3.9
cryogenic applications
applications involving liquefied gases at low temperature
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3.10
design pressure

pressure at the top of each chamber of the pressure equipment chosen for the derivation of the calculation
pressure of each component

[SOURCE: EN 764-1:2015+A1:2016]

Note 1 to entry: Any other location may be specified.

3.11
design temperature
temperature chosen for the derivation of the calculation temperature of each component

[SOURCE: EN 764-1:2015+A1:2016]
3.12

differential pressure
pressure which algebraic value is equal to the pressure difference on either side of a separation wall

[SOURCE: EN 764-1:2015+A1:2016]

3.13
governing weld joint

main full penetration butt joint the design of which, as a result of membrane stresses, governs the
thickness of the component

3.14
load case

combination of coincident actions

3.15

main joint

weld joint assembling main pressure bearing parts
3.16

maximum permissible pressure

maximum pressure obtained from the design by formulae or relevant procedures of EN 13445-3:2021
for a given component in a given load case, or for the whole pressure vessel the minimum of these
maximum permissible pressures of all components

Note 1 to entry: The differences of the nominal design stress f, the analysis thickness ea and the joint coefficient z
for the calculation of the maximum permissible pressure in different load cases are specified in 5.3.2.

Note 2 to entry: If no explicit formula is given for the maximum permissible pressure Pmax then Pmax may be
calculated as pressure which gives the required thickness equal to the analysis thickness.

Note 3 to entry: The maximum permissible pressure Pmax used for the simplified assessment of fatigue life in Clause
17 and for the calculation of the equivalent full pressure in 5.4.2 is calculated for normal operating load cases.

3.17
minimum possible fabrication thickness
minimum possible thickness after fabrication
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3.18
nominal design stress
stress value to be used in the formulae for the calculation of pressure components

3.19
nominal thickness
thickness as specified on the drawings

3.20
test pressure
pressure to which the equipment is subjected for test purposes

[SOURCE: EN 764-1:2015+A1:2016]

3.21
test temperature
temperature at which the pressure test of the pressure equipment is carried out

[SOURCE: EN 764-1:2015+A1:2016]

3.22
volume

internal volume of a chamber, including the volume of nozzles to the first connection (flange, coupling,
weld) and excluding the volume of internal permanent parts (e.g. baffles, agitators)

[SOURCE: EN 764-1:2015+A1:2016]

3.23
weld throat thickness of a fillet weld
height of the inscribed isosceles triangle measured from the theoretical root point

12


https://webstore.ansi.org/Standards/DS/DSEN134452021A12026?source=preview

