Um Norma Esparniola
s — UNE-EN 13445-4:2021

Idioma: Inglés

Recipientes a presién no sometidos a llama. Parte 4:
Fabricacion (Ratificada por la Asociacién Espafiola de
Normalizacion en junio de 2021.)

Asociacion Espafiola
de Normalizacion

Génova, 6 - 28004 Madrid
915 294 900

info@une ore

This is a preview. Click here to purchase the full publication.



https://www.normsplash.com/AENOR/136526641/UNE-EN-13445-4?src=spdf

UNE-EN 13445-4:2021

Recipientes a presién no sometidos a llama. Parte 4: Fabricacidon (Ratificada por la
Asociacién Espaiola de Normalizacion en junio de 2021.)

Unfired pressure vessels - Part 4: Fabrication (Endorsed by Asociacion Espaiiola de Normalizacion in June
0f2021.)

Récipients sous pression non soumis a la flamme - Partie 4: Fabrication (Entérinée par I'Asociacién
Espariiola de Normalizacién en juin 2021.)

En cumplimiento del punto 11.2.5.4 de las Reglas Internas de CEN/CENELEC Parte 2, se ha
otorgado el rango de documento normativo espafiol UNE al documento normativo europeo
EN 13445-4:2021 (Fecha de disponibilidad 2021-05-12)

Este documento esta disponible en los idiomas oficiales de CEN/CENELEC/ETSI.

Este anuncio causara efecto a partir del primer dia del mes siguiente al de su publicacién en
la revista UNE.

La correspondiente version oficial de este documento se encuentra disponible en la Asociacién Espafiola de
Normalizacién (Génova 6 28004 MADRID, www.une.org).

Las observaciones a este documento han de dirigirse a:

Asociacion Espafnola de Normalizacion

Génova, 6

28004 MADRID-Espana
Tel.: 915 294 900
info@une.org
Www.une.org

© UNE 2021
Prohibida la reproduccidn sin el consentimiento de UNE.
Todos los derechos de propiedad intelectual de la presente norma son titularidad de UNE.

This is a preview. Click here to purchase the full publication.



https://www.normsplash.com/AENOR/136526641/UNE-EN-13445-4?src=spdf

UNE-EN 13445-4:2021

EUROPEAN STANDARD EN 13445-4
NORME EUROPEENNE
EUROPAISCHE NORM May 2021

1CS 23.020.30 Supersedes EN 13445-4:2014

English Version

Unfired pressure vessels - Part 4: Fabrication

Récipients sous pression non soumis a la flamme - Unbefeuerte Druckbehalter - Teil 4: Herstellung
Partie 4: Fabrication

This European Standard was approved by CEN on 24 February 2021.

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, Turkey 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

© 2021 CEN  All rights of exploitation in any form and by any means reserved Ref. No. EN 13445-4:2021 E
worldwide for CEN national Members.

This is a preview. Click here to purchase the full publication.



https://www.normsplash.com/AENOR/136526641/UNE-EN-13445-4?src=spdf

UNE-EN 13445-4:2021
EN 13445-4:2021 (E)
Issue 1 (2021-05)

Contents

Page
EUTOPEAN fOT@WOTIW.....eiuiuisisimsssssiissssssssssssssssssssssssssssssssssssssasasasssss s s ssssss s sssssssmsasasss s s sesn s ssassssssmsmsasasas s nsnsnsnsnssasanas 5
1 Y6 1 6
2 L0 0 01 A Q=) ) (=) 1 L X, 6
3 Terms and defiNitions ... —————————————————————————— 8
4 Requirements for manufacturing and subcontracting........cu——— 8
4.1 117 2D 0 LLD &= U1 8
4.2 Y010 X000) 10 o Ut 17, 9
5 L 2 L) b 9
5.1 LT3 1 1) | 9
5.2 Material traceability ... ———————————————— 9
LS I 07 1 1) i 1 9
5.2.2 Identification SYSTEIM ... sssssssssssssasasasas s s sssssssnsssssssasssasasassnsnsnses 10
L0708 T T4 T3 103 11 {770 10
5.2.4 Review of material certification and material identification ... 10
5.2.5 Transfer of Markings ... 11
6 Manufacturing tolerances ... ———————————————————————— 11
6.1 Surface geometry Of WeldS......ounmiisss s 11
6.2 Middle line aligNMENt........ iR s 11
6.3 SUrface aliGNIMENT ... ———————— 13
6.3.1 Surface misalignment betWeen PArtS ... ———————————— 13
6.3.2 Joining of parts of different thiCKNEess ... ———— 13
6.4 Tolerances for vessels subjected to internal PreSsure......————— 13
LS 00 TR D5 < 723 L= 00 B U ) 13
6.4.2  OUL Of FOUNAIIESS ...ucoeiiisismsmsnsasssssssssssssssssssssssssssasas s s s s A SR AR E R AR AR A R AR AR R R AR R R R R AR RS 13
6.4.3 Deviation from the 1ongitudinal aXis ... —————————— 14
6.4.4 Irregularities in Profile ... —————————— 14
LI ST 70 T oz= 1o 011100 0 16
L SR 0 ) 1 4 T s I 4 U 17
6.5 Tolerances for vessels subjected t0 eXternal PreSSUre ... ————————— 20
6.6 SErUCEUTAl LOLETANCES ...ururerrnnsissnsisisssssssssss s e AR e 20
7 L3 L6 R T i 1 20
7.1 L0 1T - | 20
7.2 Vessels or parts made of more than ONe COUISEe ......commmmm———————————— 20
7.3 Lapped joints, joggle joints, permanent backing Strips ... 20
8 R TL 2 1 b 20
8.1 L0 1) o | 20
8.2 Welding procedure specification (WPS).....conmsssssssssssssssssssssssssssssssns 21
8.3 Welding procedure qualification record (WPQR).....ccnsmiisnsmsssmsssmsmssssssssssssssssssssssssssssssssnns 21
8.4 Qualification of welders and welding OPerators ... ———————————— 22
8.5 Filler metals and auxiliary materials........mmmmmsssssssssssssssssssssss s 23
8.6 020 0N 0000 0 1 L0 23
8.7 Execution of welded JOINTS......ouisssssssssssssssssssss s ssssssssssses 24
8.8 Attachments, supports and StffENers.......ou s —————————————— 24
2

This is a preview. Click here to purchase the full publication.



https://www.normsplash.com/AENOR/136526641/UNE-EN-13445-4?src=spdf

UNE-EN 13445-4:2021
EN 13445-4:2021 (E
Issue 1 (2021-05

8.9 PrEREat .. R R 24
8.10 Permanent joints other than Welding ... ———————— 25
£ 20 s A T T T 25
8.10.2 Mechanical roller eXpanSion ... s 25
L 20 100 T 2 i 14 o 25
9 Manufacture and testing of welds — Production test ... 25
9.1 0= 1 1) o . 25
9.2 Reference Criteria. i ————————————————————————————— 26
9.3 00 ] 0 L 0 0T D 30
9.4 Performance of tests and acceptance Criteria.... s ——————— 32
00 30 S T 1 U)o | 32
9.4.2 Transverse tensile test ... ———————————— 32
9.4.3 Longitudinal weld tensile teSt...... s ———————————————— 32
B 2 T 0 2 Lot o T 32
9.4.5  BeNd LESt .. R R 32
9.4.6 Macro eXamiNAtiON .. ————————————————————————————— 33
9.4.7 MIiCro eXamiNation ... ———————————————————_———_—— 33
1o I S 5 B ) 0 0 LT T T 33
B0 e T 2 T P, 33
12 2 00 10 TN =23 o 3 10 o 34
10 FOrming Of PreSSUIE PAITS ... immmsmsmssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssassssssassssssssssssssssens 34
300 S 6T 1T 1 34
10.2 Ratio of deformation .....u———————_————————— 34
10.2.1 Dished Circular ProAUCLES ... s s ppn s 34
10.2.2 Cylinders and cones made by rolling.........ccmmmmmmssssssssas 35
10.2.3 Other ProAUCTE LY PeS..cuiiimsmsmssssssssssssssssssssssssssassssssssssssssssssssssssssssassssssssssssssssssssssss s s s s sssssssssssssssssasasas 36
10.2.4 TUDE DENAS ..o RS 37
10.2.5 FOrming Of SEZIMENTS .....coiiuiuiurmmssmsssssssssssssssssssssssssssssss s s s m s e e e R R AR RS0 37
10.3  FOIMING PIOCEAUIES ..coueecscsisiasmsmssssessssassssssssssssssasssssssssssssssssssssss s s s asassss s s s asase s s e E R e s 38
I T 0 (8 0 9 00 0 38
B0 T 5 (01 {0 3 040 0, 39
10.4 Heat treatment after fOrming.......u i ———————————————————— 41
3L R 0= 1T - 1 41
10.4.2 Heat treatment of flat products after cold fOrming........ccun——————— 41
10.4.3 Heat treatment of tubular products after cold forming.........couunn—————— 43
10.4.4 Heat treatment of clad steels after cold forming..........cccssmsnsnsnnn s —————— 43
10.4.5 Heat treatment after hot fOrming ... ——————————————— 43
10.4.6 Heat treatment of clad steels after hot forming ... ————————— 44
10.5 Sampling of formed teSt COUPONS......cucirrssmiiisismsssmssssssss s s e 44
10.5.1 Cold formed products without heat treatment........——————————— 44
10.5.2 Hot formed or cold formed products with heat treatment............ccursmsmsmsmsmsmsmss——— 44
LT T 45
10.6.1 Base MAteTial ... s R 45
10.6.2 BULt WeldS. i s s s s 45
10.6.3 Acceptance criteria for formed test COUPONS ... ————— 46
10.6.4 Retests Of fOrmMed COUPONS .....cccvumimrmnmsisismsmsmsssssssssssssssssssssssssss s s s s e s e s e s e e e R R 46
10.7 Visual inspection and control of dimenSion ... ———————————— 47
L. T L ) 5, 47
10.9  DoCUMENTATION oo AR AR S 47
11 Post weld heat treatment (PWHT) ....coiiiisssmssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssns 47
0 3 1 T - 47

3

This is a preview. Click here to purchase the full publication.



https://www.normsplash.com/AENOR/136526641/UNE-EN-13445-4?src=spdf

UNE-EN 13445-4:2021
EN 13445-4:2021 (E)
Issue 1 (2021-05)

11.2 Heat treatment CONAITIONS. ..o s 48
11.3  Method Of PWHT ... sssssssssssss s s s sssssss s s s sasass s s s s s asassss s s s asanans 51
0 O 11T 5 U 00 (0T o L 52
11.5 Mechanical properties after heat treatment.........c.counnmnnnn————————— 53
11.6 Dissimilar ferritic JOINES .. ——————————————— 55
B0 I+ Tt B T (1B 1<) - 1 L 56
11.8 Heat Treatment for reasons other than welding....... s ———— 56
12 3] 0T 1 56
12.1 Repairs of surface defects in the parent metal.......ccom————————— 56
12.2 Repair of Weld defects ... 57
13 FINiShiNgG OPErations ... e 57
Annex A (informative) Structural tolerances.......m——————————————————— 59
Annex B (informative) Example of a sub-contractors form ..., 63
Annex C (normative) Specification and approval of expansion procedures and operators.......... 64
C1 =3 1T i 64
O 195 TR ¢ U o/ Yo L1 ot 0 ) 64
C.1.2  ReSPONSIDIlILY ..o s sssssssssssasasas s s s s s s s s masasas 64
C.1.3 Specification of eXpansion ProCeAUIES ... ——————————— 64
C.1.4 Technical content of expansion procedure specification (EPS).......cccounmmmmmsmmmsmsmsmsmsmsssssssssans 65
C.1.5 Expansion procedure qualification test (EPQT) .......ccucummmmsmsmsmsmsmmsmsmsmsmsssssssssssssssssssssssssssssssssssns 66
C.2 Examination and teStiNg ... aas 66
O < 1 U o 66
O Y5 T ) BT IS € 1111 L ) 66
C.2.3 Dimensional VerifiCation ... ——————— 66
O =T 1) ., 67
C3 LN 0T 0T N 0] 0 g 1 67
O 700 I £ 1 V) Y . 67
O 20720 =1 0 01 U1 ) . 67
O T T ) 1 ) o - | 67
O R S 1 Lo T DT (13 0 ) 68
O TSN D5 ¢ 0= 14 13 10 11 £ Lot 100 ) o 68
O N T 10 10N LX) . . 68
O 70 o 1. P, 68
O 2R3 L 5 T, 68
c4 Expansion Procedure Approval Record (EPAR) ........commmmmmsmsssssssssssssssssssssssssssssssssssnss 69
C.5 EXpansion operator apPProval... s ssssssssases 69
O T I 0<5 1 U) or- 69
C.5.2 Validity range of expansion operator qualification.......cccinn————— 69
CORTOC TN 010 =1 UE i Cor U 1) oL 69
C.5.4 Examination and teSTING ...t ssssasasssssssssssssssasssssses 70
C.5.5 Period of VAlidity ...ccccsssiiisisssmmsssssssissssssssssssssssssss s ssssssssssssssssss st sesssssssasas s s s sssssssssssses 70
LGRS T ) o 0 i Cor- U0 (o) o O, 70
Annex Y (informative) HiStory of EN 1344 5-4 ... sssssssssssssssssassss 71
Y.1 Differences between EN 13445-4:2014 and EN 13445-4:2021 .....ccccouumumnmsmsmsmsmssssssssssssssssssssnns 71
Annex ZA (informative) Relationship between this European Standard and the essential
requirements of Directive 2014 /68/EU aimed to be covered..........ummmmmmmmmn. 72
L33 10) 10T e3 021 0] 42, 73

This is a preview. Click here to purchase the full publication.



https://www.normsplash.com/AENOR/136526641/UNE-EN-13445-4?src=spdf

UNE-EN 13445-4:2021
EN 13445-4:2021 (E
Issue 1 (2021-05

European foreword

This document (EN 13445-4:2021) 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 November 2021, and conflicting national standards shall
be withdrawn at the latest by November 2021.

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

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

The list 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.

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 http://www.unm.fr
(en13445@unm.fr). 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.

This document supersedes EN 13445-4:2014. 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.

Amendments to this new edition may be issued from time to time and then used immediately as
alternatives to rules contained herein. It is intended to deliver a new Issue of EN 13445:2021 each year,
starting with the precedent as Issue 1, consolidating these Amendments and including other identified
corrections.

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, Former Yugoslav Republic of Macedonia, France,
Germany, Greece, Hungary, Iceland, Ireland, Italy, Latvia, Lithuania, Luxembourg, Malta, Netherlands,
Norway, Poland, Portugal, Romania, Serbia, Slovakia, Slovenia, Spain, Sweden, Switzerland, Turkey and
the United Kingdom.
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1 Scope

This document specifies requirements for the manufacture of unfired pressure vessels and their parts,
made of steels, including their connections to non-pressure parts. It specifies requirements for material
traceability, manufacturing tolerances, welding requirements, requirements for permanent joints other
than welding, production tests, forming requirements, heat treatment, repairs and finishing operations.

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 10028-2:2009, Flat products made of steels for pressure purposes — Part 2: Non-alloy and alloy steels
with specified elevated temperature properties

EN 10028-3:2009, Flat products made of steels for pressure purposes — Part 3: Weldable fine grain steels,
normalized

EN 10028-4:2009, Flat products made of steels for pressure purposes — Part 4: Nickel alloy steels with
specified low temperature properties

EN 10216-1:2013, Seamless steel tubes for pressure purposes — Technical delivery conditions — Part 1:
Non-alloy steel tubes with specified room temperature properties

EN 10216-2:2013, Seamless steel tubes for pressure purposes — Technical delivery conditions — Part 2:
Non-alloy and alloy steel tubes with specified elevated temperature properties

EN 10216-3:2013, Seamless steel tubes for pressure purposes — Technical delivery conditions — Part 3:
Alloy fine grain steel tubes

EN 10216-4:2013, Seamless steel tubes for pressure purposes — Technical delivery conditions — Part 4:
Non-alloy and alloy steel tubes with specified low temperature properties

EN 10217-1:2002, EN 10217-1:2002/A1:2005, Welded steel tubes for pressure purposes — Technical
delivery conditions — Part 1: Non-alloy steel tubes with specified room temperature properties

EN 10217-2:2002, EN 10217-2:2002/A1:2005, Welded steel tubes for pressure purposes — Technical
delivery conditions — Part 2: Electric welded non-alloy and alloy steel tubes with specified elevated
temperature properties

EN 10217-3:2002, EN 10217-3:2002/A1:2005, Welded steel tubes for pressure purposes — Technical
delivery conditions — Part 3: Alloy fine grain steel tubes

EN 10217-4:2002, EN 10217-4:2002/A1:2005, Welded steel tubes for pressure purposes — Technical
delivery conditions — Part 4: Electric welded non-alloy and alloy steel tubes with specified low temperature
properties

EN 10217-5:2002, EN 10217-5:2002/A1:2005, Welded steel tubes for pressure purposes — Technical
delivery conditions — Part 5: Submerged arc welded non-alloy and alloy steel tubes with specified elevated
temperature properties
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EN 10217-6:2002, EN 10217-6:2002/A1:2005, Welded steel tubes for pressure purposes — Technical
delivery conditions — Part 6: Submerged arc welded non-alloy steel tubes with specified low temperature
properties

EN 10222-2:1999, Steel forgings for pressure purposes — Part 2: Ferritic and martensitic steels with
specified elevated temperature properties

EN 10222-3:1998, Steel forgings for pressure purposes — Part 3: Nickel steels with specified low
temperature properties

EN 10222-4:1998+A1:2002, Steel forgings for pressure purposes — Part 4: Weldable fine grain steels with
high proof strength

EN 13134:2000, Brazing — Procedure approval

EN 13445-1:2021, Unfired pressure vessels — Part 1: General

EN 13445-2:2021, Unfired pressure vessels — Part 2: Materials

EN 13445-3:2021, Unfired pressure vessels — Part 3: Design

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

EN 14276-1:2006+A1:2011, Pressure equipment for refrigerating systems and heat pumps — Part 1:
Vessels — General requirements

EN ISO 3834-2:2005, Quality requirements for fusion welding of metallic materials — Part2:
Comprehensive quality requirements (1SO 3834-2:2005)

EN ISO 3834-3:2005, Quality requirements for fusion welding of metallic materials — Part 3: Standard
quality requirements (IS0 3834-3:2005)

EN ISO 4136:2012, Destructive tests on welds in metallic materials — Transverse tensile test
(ISO 4136:2012)

EN ISO 5173:2010, Destructive tests on welds in metallic materials — Bend tests (ISO 5173:2009)

EN ISO 5178:2011, Destructive tests on welds in metallic materials — Longitudinal tensile test on weld
metal in fusion welded joints (ISO 5178:2001)

EN ISO 9015-1:2011, Destructive tests on welds in metallic materials — Hardness testing — Part 1:
Hardness test on arc welded joints (1SO 9015-1:2001)

EN ISO 9016:2012, Destructive tests on welds in metallic materials — Impact tests — Test specimen
location, notch orientation and examination (1SO 9016:2012)

EN ISO 9606-1:2017, Qualification testing of welders — Fusion welding — Part 1: Steels (I1SO 9606 -
1:2012 including Cor 1:2012 and Cor 2:2013)

EN ISO 13585:2012, Brazing — Qualification test of brazers and brazing operators (I1SO 13585:2012)

EN ISO 14732:2013, Welding personnel — Qualification testing of welding operators and weld setters for
mechanized and automatic welding of metallic materials (1ISO 14732:2013)
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