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Foreword

This document (EN 13445-1:2009) 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by endorsement, at the latest by December 2009, and conflicting national standards shall be withdrawn at the latest
by December 2009.

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

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

For relationship with EU Directive(s), see informative annex ZA, which is an integral part of this document.
This European Standard concerning “Unfired pressure vessels” comprises the following Parts:

— Part 1: General.

— Part 2: Materials.

— Part 3: Design.

— Part 4: Fabrication.

— Part 5: Inspection and testing.

— Part 6: Requirements for the design and fabrication of pressure vessels and pressure parts constructed from
spheroidal graphite cast iron.

— CR 13445-7, Unfired pressure vessels — Part 7: Guidance on the use of conformity assessment procedures.
— Part 8: Additional requirements for pressure vessels of aluminium and aluminium alloys.
— CEN/TR 13445-9, Unfired pressure vessels — Part 9: Conformance of EN 13445 series to ISO 16528.

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). The link and information related to the Help Desk can be found at
http://www.cen.eu/cenorm/sectors/sectors/mechanicalengineering/pressure/index.asp. 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.
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This document supersedes EN 13445-1:2002. This new edition incorporates the Amendments which have been
approved previously by CEN members, and the corrected pages up to Issue 36 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 13445:2009 each year, 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, Cyprus, Czech Republic,
Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Iceland, Ireland, Italy, Latvia, Lithuania,
Luxembourg, Malta, Netherlands, Norway, Poland, Portugal, Romania, Slovakia, Slovenia, Spain, Sweden,
Switzerland and the United Kingdom.
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Introduction

EN 13445 specifies the requirements for design, construction, inspection and testing of unfired pressure vessels. It
defines terms, definitions and symbols applicable to unfired pressure vessels.

NOTE In EN 13445 the term pressure vessel includes the welded attachments up to and including the nozzle flanges,
screwed or welded connections, or the edge to be welded at the first circumferential weld at connecting piping or other

elements. The term unfired excludes vessels that are subject to direct generated heat or flame impingement from a fired
process. This does not exclude vessels subject to electrical heating or heated process streams.

In Parts 2 to 5 only pressure vessels manufactured from steels and steel castings as detailed in Part 2 of this

standard are covered. Parts 6 and 8 specifically deal with vessels of spheroidal graphite cast iron and aluminium,
respectively, where special considerations apply.

Part 1

This part contains general information on the scope of the standard as well as terms, definitions, quantities,
symbols and units which are applied throughout the standard.

NOTE It is intended to revise EN 764-2:2002 for consistence, with EN 13445.

Part 2

This part deals with the general philosophy on materials, material grouping and low temperature behaviour. It is
limited to steel with sufficient ductility and, for components operating in the creep range, sufficient creep ductility.

Part 2 also provides the general requirements for establishing technical delivery conditions and the requirements
for marking of material.

Part 3

This part of the standard gives the rules to be used for design and calculation under internal and/or external
pressure (as applicable), local loads and actions other than pressure. The rules provided are both design by
formulae (DBF), design by analysis (DBA) and design by experiment (DBE).

The part also sets the requirements for when fatigue analysis must be performed and the rules to be followed when
this is the case.

NOTE Collaborative work is in hand to harmoniz flange design across European standards.

Part 4

This part is based on existing good practice in previous national European Standards on manufacturing. It covers
forming, welding procedures and welding qualification, production testing, and post weld heat treatment and
repairs. Rules are also provided for material traceability and tolerances.

Part 5

This part covers all those inspection and testing activities associated with the verification of the pressure vessel for
compliance with the standard, including design review by the manufacturer and supporting technical
documentation, NDT and other inspection activities including document control, material traceability, joint
preparation and welding.
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The level of testing is driven by the selection of the vessel testing group. Basically, the testing group determines the
level of NDT and the joint coefficient used in the design.

In terms of NDT, the overall philosophy has been the general adoption of EN 1SO 5817:2003 quality level 'C' for
predominantly non-cyclic loaded vessels and level 'B' for vessels subject to cyclic loadings.

Part 6

This part contains special rules for material, design, fabrication, inspection, and testing of pressure vessels made
from spheroidal graphite cast iron. In general the rules in the relevant parts of parts 2-5 apply with additions and
exceptions outlined in this part.

Part 7

This part gives guidance on how to use the conformity assessment procedures in the Pressure Equipment Directive
97/23/EC. It is not a standard, but merely a CEN Technical Report.

Part 8

This part contains special rules for material, design, fabrication, inspection, and testing of pressure vessels made
from aluminium and aluminium alloys. In general the rules in the relevant parts of parts 2-5 apply with additions
and exceptions outlined in this part.

Part 9
This part details the conformance of the whole EN 13445 series to ISO 16528-1 "Boilers and pressure vessels —

Part 1: Performance requirements". This is a CEN Technical Report. The first edition is limited to vessels of steel
construction, but will be amended later to include spheroidal graphite cast iron and aluminium.
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1 Scope

1.1

This part of this European Standard defines the terms, definitions, quantities, symbols and units that are used
throughout the EN 13445. It also contains instructions on how to use the standard (Annex A) as well as an index
which covers the whole standard (Annex B). This information is aimed to aid the user of the EN 13445.

This European Standard applies to unfired pressure vessels with a maximum allowable pressure greater than 0,5
bar gauge but may be used for vessels operating at lower pressures, including vacuum.

NOTE The selection, application and installation of safety related accessories intended to protect pressure vessels during
operation are covered in EN 764-7.

1.2 Exclusions

This European Standard is not applicable to pressure equipment of the following types:

a) transportable pressure equipment;

b) items specifically designed for nuclear use, the failure of which may cause a release of radioactivity;

c) pressure equipment intended for the generation of steam or superheated water at temperatures higher than
110 °C;

d) vessels of riveted construction;
e) vessels of lamellar cast iron or any other materials not included in parts 2, 6, or 8 of the standard,;
f)  multilayered, autofrettaged or pre-stressed vessels;

g) pipelines and industrial piping.

2 Normative references

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

EN 764-1:2004, Pressure Equipment — Part 1: Terminology — Pressure, temperature, volume, nominal size.

EN 764-2:2002, Pressure Equipment — Part 2: Quantities, symbols and units.

EN 764-3:2002, Pressure Equipment — Part 3: Definition of parties involved.

EN 13445-2:2009, Unfired pressure vessels — Part 2: Materials.

EN 13445-3:2009, Unfired pressure vessels — Part 3: Design.

EN 13445-4:2009, Unfired pressure vessels — Part 4: Fabrication.
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EN 13445-5:2009, Unfired pressure vessels — Part 5: Inspection and testing.

EN 13445-6:2009, Unfired pressure vessels — Part 6: Requirements for the design and fabrication of pressure
vessels and pressure parts constructed from spheroidal graphite cast iron.

EN 13445-8:2009, Unfired pressure vessels — Part 8: Additional requirements for pressure vessels of aluminium
and aluminium alloys.

3 Terms and definitions

For the purposes of this European Standard, the terms and definitions given in EN 764-1:2004, EN 764-2:2002 and
EN 764-3:2002 and the following apply.

3.1
main pressure bearing parts
parts which constitute the envelope under pressure, essential for the integrity of the equipment

3.2

pressure vessel

housing and its direct attachments up to the coupling point connecting it to other equipment, designed and built to
contain fluids under pressure

NOTE A vessel may be composed of more than one chamber.

3.3
fluid
gas, liquid and vapour in their pure phase as well as mixtures thereof

NOTE A fluid may contain a suspension of solids.

3.4

piping

pipe or system of pipes, tubing, fittings, expansion joints, hoses or other pressure-bearing components, intended
for the transport of fluid, connected together and integrated into a pressure system

35

assembly

several pieces of pressure equipment assembled by a manufacturer to constitute an integrated and functional
whole

3.6

pipelines

piping or system of piping designed for the conveyance of any fluid or substance to or from an installation (onshore
or offshore) starting from and including the first isolation device located within the installation and including all the
annexed equipment designed specifically for pipelines

3.7
maximum allowable pressure (PS)
maximum pressure for which the pressure vessel is designed as specified by the manufacturer

3.8
maximum/minimum allowable temperature (TS)
maximum/minimum temperature for which the pressure vessel is designed as specified by the manufacturer

3.9

testing group

one of the four groups designed to specify the extent of non-destructive testing and destructive testing necessary in
association with joint coefficient, material grouping, welding process, maximum thickness, service temperature
range
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NOTE The testing group of a vessel is not linked to the hazard category.

3.10
joint coefficient
reduction coefficient related to the testing group and which is applied to the nominal design stress

3.11
required thickness
thickness excluding corrosion or any other allowances specified in EN 13445

3.12
hazard category
category of the pressure vessel taking into account the potential hazards

3.13
testing factor
a factor taking into account the amount of NDT testing in castings, applied on the nominal design stress

3.14

material manufacturer

individual or organization that produces material in the basic product form used in the manufacture of pressure
equipment

3.15

manufacturer

individual or organization that is responsible for design, fabrication, testing, inspection, installation of pressure
equipment and assemblies where relevant

NOTE 1  The manufacturer may subcontract one or more of the above mentioned tasks under its responsibility.

NOTE 2 In EU member states the manufacturer is responsible for compliance with the Pressure Equipment Directive
97/23/EC. For those manufacturers outside the EU their authorized representative inside the EU assumes this responsibility.

3.16

weldment
weld metal, heat affected zone and adjacent base material(s)

4 Interdependency of the parts of the series

Parts 2 to 6 and part 8 of EN 13445, together with Part 1, form a consistent set of specifications which shall be
followed for compliance to the standard.

NOTE Parts 7 and 9 of this series are published as a CEN Report and a CEN Technical Report respectively. They are not
European Standards.
5 Quantities, symbols and units

Quantities, symbols and units to be used for pressure equipment shall be in accordance with Tables 5-1 and 5-2
and EN 764-2:2002

NOTE 1  Other symbols used in specific parts of this European Standard are tabulated in the relevant part.



BS EN 13445-1:2009
EN 13445-1:2009 (E)
Issue 1 (2009-07)

NOTE 2  The choice of the appropriate multiple (decimal multiple or sub-multiple) of a unit is governed by convenience, the
multiple chosen for a particular application being one which should lead to numerical values within a practical range. Therefore
when indicating quantities it is recommended that decimal multiple or sub-multiple quantities be chosen such that the resulting
values are easy to handle, e.g. between 0,1 and 1 000. The non-SI units, bar for pressure and L for volume should be used on
the nameplate.

Table 5-1 — Quantities for space and time

Quantity Symbol Unit

Time t s, min, h
Frequency f Hz
Dimension any Latin letter mm
Length I mm
Thickness e mm
Corrosion allowance c mm
Diameter d,D mm
Radius r,R mm
Area A, S mm?®
Volume, capacity v mm®"’
Weight W N, KN
Density 0 kg/mm®*
Second moment of area I mm”*
Section modulus z mm®
Acceleration y m/s”
Plane angle any Greek letter * rad, °

Symbols may use any lower-case letter, except for those defined elsewhere in this table.

volume may also be given in m? or L.

litre "L" is a non-SI unit which may be used with Sl units and their multiples.

Density may also be given in kg/m°>.

10
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Table 5-2 — Mechanical quantities

Quantity * Symbol ° Unit
Force F N
Moment M N-mm
Pressure p, P bar °, MPa
Temperature T °C
Linear expansion coefficient a um/m°C
Normal stress o MPa
Shear stress T MPa
Nominal design stress f MPa
Tensile strength Rm MPa
Yield strength Re MPa
1 % proof strength Rp1.0 MPa
Proof strength at temperature T Ror MPa
Upper yield strength Ren MPa
0,2 % proof strength Rpo 2 MPa
0,2 % proof strength at temperature T Rpo 2 MPa
Ultimate tensile strength at temperature T Rt MPa
Modulus of elasticity E MPa
Shear modulus G MPa
Poisson's ratio v -
Strain £ %
Elongation after rupture/fracture A %
Impact energy KV J
Hardness HB,HV -
Joint coefficient z -
Safety factor S -
& Quantities without a temperature index normally refer to room temperature.
®  Some of these symbols, such as R, f, are not part of 1ISO 31.

"bar" is a non-Sl unit which may be used with Sl units and their multiples. .The unit bar shall be used on nameplates,
certificates, drawings, pressure gauges and instrumentation and is always used as a gauge pressure. This is in line with the
requirements of the Pressure Equipment Directive 97/23/EC.

Note The use of symbols for temperature may be different from the PED.

11
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Annex A
(informative)

Using the standard

A.1 Purpose

EN 13445 is a new standard (first issued in 2002) and in many places uses new design, fabrication, inspection, and
testing philosophies. This annex is designed to facilitate the introduction to the use of the standard.

This annex only gives a general overview of the requirements of the standard. Reference must always be made to
the standard text itself, and not all requirements are necessarily mentioned in this annex.

A.2 General

The standard is harmonized under the Pressure Equipment Directive (97/23/EC). This means that if an unfired
pressure vessel meets the requirements of the standard, this pressure vessel can be presumed to conform to those
essential safety requirements in Annex | of the Directive which are listed in the Annexes ZA of the individual parts
of the standard.

In this connection, it should be understood that the standard is indivisible. The design and manufacture of unfired
pressure vessels requires the application of all relevant Parts of the standard for the requirements of the standard
to be fulfilled. Only in the case that the standard gives no information to specific parts of pressure vessels other
standards may be used exceptionally. In such a case, special attention should be paid to ensure that application of
such other standard(s) is made consistent with the safety philosophy and the general safety requirements of EN
13445 (i.e. same nominal design stresses, same safety margins, etc.).

NOTE Part 7 and Part 9 are not mandatory parts of the standard in this sense.

This standard applies to unfired pressure vessels with the limitations and exclusions stated in Clause 1 of
EN 13445-1:20009.

A.3 Prerequisites

Prior to designing and manufacturing a pressure vessel under the standard, the manufacturer must establish a
number of prerequisites:

— The conditions under which the vessel will be operating.
— Load cases to be considered are enumerated in 5.3.1 to 5.3.2 of EN 13445-3:20009.

— The category of the vessel (I to V) as defined in the Directive. Subclause 4.2 of CR 13445-7:2002 and Annex
A of CR 13445-7:2002 show how the category of a vessel is to be established.

NOTE 1 The category determines the type of inspection document required for the materials of the main pressure-bearing
parts, as stated in Annex I, section. 4.3 of the Directive (Inspection Documents are defined in EN 10204:2004). The category
may also influence how particular material appraisals (see A.4.2) are to be performed.

— The assessment module (as defined in the directive) to be used. Subclause 4.3 of CR 13445-7:2002 and

Annex B of CR 13445-7:2002 describe the different assessment modules and which assessment modules can
be used for the different categories.

12
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NOTE 2  The choice of module may affect the participation of a notified body and/or a recognized third party organization or

user inspectorate in the inspection and testing of the vessel as enumerated in Annex C of CR 13445-7:2002. (It should be

noted that the use of user inspectorates may not be permitted in all member states).

— The testing group of the vessel according to 6.6.1.1 of EN 13445-5:2009. The available testing groups depend
upon the material group, thickness, and welding method. Category 4 is further limited with regards to pressure,
temperature, content, number of cycles, design stress, and dimensions.

NOTE 3  The testing group affects not only the testing requirements but also design and manufacturing aspects, e.g., joint
coefficient, permitted weld details and required weld production tests.

NOTE 4  Although the same testing group normally applies to the whole vessel, it is (with the exception of Group 4)
permissible to have different testing groups apply to different parts (e.g., welds).

A.4 Materials

A.4.1 General
Specific requirements for steels are given in Part 2.

NOTE Specific rules for spheroidal graphite cast iron and aluminium are given in EN13445-6:2009 (see A.8 in this annex)
and EN13445-8:2009 (see A.9 in this annex), respectively. In some instances, references may be made from these parts to
EN13445-2:2009.

A.4.2 Permitted materials

Only materials which are qualified for pressure equipment may be used. Qualification of materials can be made in
three different ways

— Materials from European harmonized Standards, see 4.3.1 of EN 13445-2:20009;

Certain materials supplied in accordance with European material Standards are accepted as qualified for use
in pressure-bearing parts. These materials are enumerated in Table E.2-1 of EN 13445-2:2009.

— Materials with a European Approval for Materials (EAM), see 4.3.2 of EN 13445-2:2009;

Materials with an EAM, which states that they can be used for products under the PED, are qualified for use in
relevant products according to this standard.

EAMs are published in the Official Journal, and the European Commission maintains a list of EAMs on their
web site

NOTE 1  This web site is presently accessible under the address
http://ec.europa.eu/enterprise/pressure_equipment/ped/materials/published_en.html.

— Materials with a Particular Material Appraisal (PMA) , see 4.3.3 of EN 13445-2:2009.

Materials, which have been subject to a PMA are qualified. This appraisal is carried out by the manufacturer
(and in certain cases checked by a Notified Body).

NOTE 2  The European Commission and Member States have in November 2006 agreed on "Guiding Principles for the
contents of Particular Materials Appraisals. The document is published on,
http://ec.europa.eu/enterprise/pressure_equipment/ped/materials/index_en.html.

13
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Whichever method of qualification is used, the qualification does not necessarily cover the suitability of the material
with regards to the environment and content of the vessel, i.e., corrosion, erosion, etc. The manufacturer will
always have to evaluate the material's resistance to such action.

Whichever way the material has been qualified, all other rules in Part 2 will have to be fulfilled.

A.4.3 Prevention of brittle fracture
Rules for prevention against brittle fracture are given in Annex B of EN 13445-2:2009.

Three different routes are allowed:
— Code of practice based on operating experience and fracture mechanics (B.2.2 of EN 13445-2:2009).
— Code of more flexibility based on fracture mechanics (B.2.3 of EN 13445-2:2009).

— Application of fracture mechanics analysis (B.2.4 of EN 13445-2:2009).
The first two methods are limited to certain materials and thickness.

The third method requires detailed work in fracture mechanics and the standard only contains guidance on it. It can
only be used after agreement between the concerned parties.

A.4.4 Material grouping
Materials are grouped in Table A-1 of EN 13445-2:2009 with respect to major chemical elements, specified

minimum tensile test data. This grouping is used throughout the standard to decide design, manufacturing, and
inspection aspects.

A.5 Design

A.5.1 General
Most of the requirements for design are to be found in Part 3.

NOTE Specific design rules for vessels manufactured from spheroidal graphite cast iron and aluminium are given in
EN13445-6:2009 (see A.8 in this annex) and EN13445-8:2009 (see A.9 in this annex), respectively.

A.5.2 Design for static loads
There are four different methods for design, which can be used either separately or in combination with each other
— Design by formulas (DBF)

These rules are contained in Clauses 7 to 16 and 20 to 21 of EN 13445-3:2009 and Annexes F, G, GA and J
of EN 13445-3:2009.

For simple geometries such as cylinders and spheres, formulas can be given where pressure and geometrical
dimensions give the required minimum thicknesses directly.

For more complicated geometries, a trial-and-error approach must be used in most cases. The designer will
have to assume the analysis thickness(es), and use the formulas to compute the stresses and/or the load
ratios as applicable. These stresses and/or load ratios are then compared with allowable values. Figure 5-1 of
EN 13445-3:2009 shows the relations between different thickness definitions.

14
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In the design formulas of components having a governing weld, the weakening effect of that weld is accounted
for by means of a joint coefficient z. The maximum allowed value of this coefficient depends upon the testing
group of the weld as specified in 6.6.1.1 of EN 13445-5:2009.

NOTE1  Governing welds are listed in 5.6 of EN 13445-3:2009.
For two types of components, flange connections and heat exchanger tubesheets, a multiple sets of rules are
given (in Clause 11 of EN 13445-3:2009, Annex G of EN 13445-3:2009, and Annex GA of EN 13445-3:2009,
in Clause 13 of EN 13445-3:2009 and Annex J of EN 13445-3:2009, respectively). The alternative rules of
Annexes G, GA and J of EN 13445-3:2009 are based on more advanced methods than their corresponding
main clause, and are expected to lead to more appropriate and less conservative designs. Either set can be
used at the designer's option within the limitations given for each set.

NOTE2 Annex G is recommended for the design of flange connections where the flanges are subject to strong leak-

tightness requirements, significant thermal cycling, and/or significant additional loads (forces or moments). It implies that the bolt

stress is controlled by the use of a defined tightening procedure.

NOTE 3 Annex GA is a further development of Annex G. It may be used particularly for flange connections in vessels
containing gases or vapours, for which it is necessary to fix a maximum allowable leak rate.

NOTE 4  AnnexJis recommended for the design of heat exchanger tubesheets subject to relatively low cyclic loading.
— Design by analysis using direct assessment of failure modes (DBA - Direct Route)
These rules are contained in Annex B of EN 13445-3:2009.

For each failure mode a specific assessment method is provided (e.g. : limit analysis for assessment of gross
plastic deformation, shakedown analysis for progressive deformation).

— Design by analysis using stress categorization (DBA — Method based on stress categories)
These rules are contained in Annex C of EN 13445-3:20009.

Stresses must be computed (in most cases using finite element methods) and divided into different categories.
The stresses in each category are then compared to allowable values for the respective category.

— Design by experiment (DBE)
These rules are contained in Annex T of EN 13445-3:2009.

Design by experiment always includes a burst test and may be supplemented by control of deformation and a
fatigue test. It can either be used separately or as a verification of DBF calculations.

DBF is the most common and simple way to design vessels. All DBF rules cover pressure. Non-pressure loads can
be taken into account, for some cases, through use of Clause 16.

Design by analysis is used to assess structural shapes and load configurations not covered by DBF. It may also be
used as an alternative to DBF. Between the two possible DBA routes, that in Annex B of EN 13445-3:2009 is
expected to be less conservative or more realistic than that in Annex C of EN 13445-3:2009, as being based on
more advanced methods.

15
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A.5.3 Design in the creep range
— Design by Formulae

The rules contained in Clause 19 of EN 13445-3:2009 allow the design of vessels or vessel parts for loading of
predominantly non-cyclic nature (less than 500 equivalent full pressure cycles).

Different sets of rules are used depending on whether the vessel is subjected to a single creep load case (use
19.8.1 of EN 13445-3:2009) or multiple creep load cases (use 19.8.2 of EN 13445-3:2009).

In both cases, the joint factor is modified by the weld creep strength reduction factor according to 19.6 of
EN 13445-3:20009.

NOTE A procedure for the determination of the weld creep strength reduction factor by tests is given in Annex C of
EN 13445-2:2009.

— Design by Analysis — Direct Route

Design by Analysis in the creep range is covered in Annex B of EN 13445-3:2009. The design checks to be
considered (in addition to those for operation below the creep range listed in B.5.1.1 of EN 13445-3:2009) are:

— Creep Rupture Design Check, see B.9.4 of EN 13445-3:2009,
— Excessive Creep Strain Design Check, see B.9.5 of EN 13445-3:2009,

— Creep Fatigue Interaction Design Check, see B.9.6 of EN 13445-3:2009.

A.5.4 Design for cyclic loads (fatigue)

Each vessel which is subjected to more than a certain number (given in Equation 5.4-1 of EN 13445-3:2009) of

equivalent full pressure cycles must be checked against fatigue. The standard provides two methods, and either

method can be used at the designer's option.

— A simplified fatigue analysis (Clause 17 of EN 13445-3:2009)
This simplified method uses coefficients for different geometries and different weld details to compute the
maximum number of fatigue cycles allowed. It is essentially applicable to vessels predominantly subject to
pressure fluctuations, with however some provisions to account (to a certain extent) for other load fluctuations.
It will normally give more conservative results than a detailed fatigue analysis

— A detailed fatigue analysis (Clause 18 of EN 13445-3:2009)

This method presumes a detailed stress analysis at all critical points (in practice mostly using finite element
methods)

In both analyses, the intensity of the fatigue loading is measured, at any vessel point, by a "damage factor" from

which the "critical areas" of the vessel can be found. In these areas, more NDT is required, as defined in Annex G
of EN 13445-5:20009.

A.5.5 Nominal designh stresses
The nominal design stress f to be introduced into the formulas giving the minimum required thickness or to be used

to calculate the allowable stresses shall be computed as detailed in Clause 6 of EN 13445-3:2009 (19.5 of
EN 13445-3:2009 for operation in the creep range).
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NOTE 1 The concept of nominal design stress is not used within Annex B of EN 13445-3:2009. In this annex, allowable
loads are directly derived from the material characteristics.

NOTE 2  For non-austenitic steels there are two alternative sets of design stresses, the normal one in 6.2 of EN 13445-
3:2009 and the Alternative Route in 6.3 of EN 13445-3:2009, which permits higher stresses under certain conditions.

A.5.6 Weld details

Butt welds are preferred for all welded joints, but joggle joints, joints with permanent backing strips, and lap joints
are permitted for certain circumferential joints, provided that the restrictions given in 5.7 of EN 13445-3:2009 are
observed.

Allowable weld designs with material and geometry limitations are listed in Annex A of EN 13445-3:2009.

A.5.7 Access openings

The standard specifies a minimum number and size of access openings which are detailed in C.2 to C.4 of
EN 13445-5:2009.

Rules for closing mechanisms and locking devices are given in C.5 of EN 13445-5:20009.

A.6 Manufacturing

A.6.1 General
Most of the requirements for manufacturing are to be found in EN13445-4:2009.

NOTE Specific rules for vessels manufactured from spheroidal graphite cast iron and aluminium are given in EN13445-
6:2009 (see A.8 in this annex) and EN13445-8:2009 (see A.9 in this annex), respectively.

A.6.2 Tolerances

The standard specifies manufacturing tolerances both for vessel parts themselves and for welds:

— Permitted shape tolerances for vessels under internal pressure are specified in 5.4 of EN 13445-4:2009.
Shape tolerances for vessels under external pressure must not exceed those given for internal pressure, but
they must also fulfill the requirements of 8.5.1 and 8.6.1 of EN 13445-3:2009 (cylindrical and conical shells)
and 8.7.2 of EN 13445-3:2009 (spherical shells). Larger shape deviations may be accepted, but lead to
reduced allowable external pressures. The rules for computing these reduced pressures are given in Annex F

of EN 13445-3:2009.

Annexes D and E of EN 13445-3:2009 give directions for measuring shape deviations in vessels under
external pressure.

The rules cited above are absolute requirements of the standard. For other measurements, recommended
maximum tolerances are given in the informative Annex A of EN 13445-4:2009.

— There are two sets of requirements on alignment at welds, for middle-line alignment (5.2 of EN 13445-4:2009)
and for surface alignment (5.3 of EN 13445-4:2009). Both sets must be observed simultaneously.
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A.6.3 Forming

The standard covers both cold forming and hot forming, and 9.3 of EN 13445-4:2009 specifies the temperatures
(depending upon material) at which forming shall be performed.

Formed parts may have to be heat-treated after forming. For cold-formed parts this requirement depends upon the
material group and also on the amount of deformation during forming. Formulas to compute this deformation are
given in 9.2 of EN 13445-4:2009.

The requirements for heat treatment after hot forming depend on the material group and on the product form.

If heat treatment is performed, the standard (depending on material group and heat treatment condition) requires
tests on test coupons. The samples, the type of coupons and tests are specified in 9.6 of EN 13445-4:20009.

A.6.4 Welding

The welding rules are to be found in Clauses 6 and 7 of EN 13445-4:2009. The standard specifies three
prerequisites for welding:

— the manufacturer shall have a welding procedure specification (WPS), see 7.2 of EN 13445-4:2009;
— the welding procedure shall be qualified (WPAR) , see 7.3 of EN 13445-4:20009;
— the welder or welding operator shall be qualified, see 7.4 of EN 13445-4:2009.

The requirements generally refer to other European Standards, with the addition of some extra requirements
regarding mechanical testing of welding procedure qualification tests.

A.6.5 Production Tests on Welds

In many cases, production tests are required on governing welds (longitudinal and circumferential welds where
membrane stresses govern the thickness) as defined in Clause 8 of EN 13445-4:2009. The amount of required
production tests is specified in 8.2 of EN 13445-4:2009 (for some special welds in 5.7.4 of EN 13445-3:2009) and
depends upon material group, testing group, welding method and material thickness and vary widely from no tests
at all to one test per 100 m of weld. When a specified number of tests have passed successfully, the standard
allows a reduction in the frequency of the production tests.

The actual testing and the acceptance criteria are given in 8.3 and 8.4 of EN 13445-4:2009.

A.6.6 PWHT (Post Weld Heat Treatment)

In some cases, the welding procedure will require that a PWHT be carried out after welding as defined in Clause 10
of EN 13445-4:2009. Holding times and holding temperatures are specified in the standard and depend upon
material group and nominal thickness. For some material groups, PWHT is waived for low thicknesses, except in
special cases, e.g., danger of stress corrosion. For materials submitted to PWHT and which are not listed in Table
10.1-1 of EN 13445-4:2009, this treatment shall be performed according to a procedure established in agreement
with the material manufacturer, or in conformity with other recognized codes.

If the PWHT temperature is too close to the maximum tempering temperature or the holding time exceeds a certain

number, the effect of the PWHT on the mechanical properties must be demonstrated either on test coupons heat
treated with the vessel or test coupons subjected to a simulated PWHT.
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A.7 Inspection and testing

A.7.1 General
Most of the requirements for inspection and testing are to be found in EN13445-5:2009.

NOTE Specific rules for vessels manufactured from spheroidal graphite cast iron and aluminium are given in EN13445-
6:2009 (see A.8 in this annex) and EN13445-8:2009 (see A.9 in this annex), respectively.

A.7.2 Technical documentation

The elements of the technical documentation for the vessel are specified in detail in Clause 5 of EN 13445-5:2009.
It is also specified how the design review of these documents shall be performed.

The required amount of dimensional details is given in Annex B of EN 13445-5:20009.

NOTE Depending upon the assessment module selected for the vessel, this review is carried out by the manufacturer only
or by the manufacturer and the responsible notified body.

A.7.3 Non-destructive testing of welds

Subclause 6.6.2 of EN 13445-5:2009 specifies the extent of NDT for different types of welds as a function of the
testing group. The testing group determines the value of the joint coefficient used for calculation of the
components having governing welds.

For the performance of NDT, 6.6.3 of EN 13445-5:2009 specifies the method to be used, depending upon the type
of welded joint, but for details about NDT methods, techniques, characterization, and acceptance criteria, reference
is made to other specified European Standards with some additional requirements.

Critical areas of vessels operating in cyclic service have to be subjected to more extended NDT as specified in
Annex G of EN 13445-5:20009.

NOTE Critical areas in fatigue are defined in Clauses 17 and 18 of EN 13445-3:20009.

A.7.4 Final assessment

Clause 10 of EN 13445-5:2009 specifies how final assessment shall be performed. Detailed rules are given for the
performance of the proof test, including the calculation of the test pressure.

NOTE Depending upon the module selected for the assessment of the vessel, this assessment is carried out by the
manufacturer only or by the manufacturer and the responsible notified body.

A.7.5 Marking and records
Clauses 11 and 12 of EN 13445-5:2009 specify the minimum requirements of marking on the vessel and of the

records to be kept for the vessel, respectively.

A.8 Pressure vessels constructed from spheroidal graphite cast iron

A.8.1 General

Special requirements for such vessels (which must lie within the limits determined by Clause 1 and 4.2 of
EN 13445-6:2009) are to be found in EN13445-6:2009, which contains additions to and exceptions from the
general rules in EN13445-2:2009 to EN13445-5:2009.
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A.8.2 Materials

The ferritic and austenitic spheroidal graphite cast iron materials, which are permitted in pressure vessels built to
the standard, are listed in 5.1 of EN 13445-6:2009 together with the corresponding design temperature limits.

A.8.3 Design

Design can follow either the DBF rules (with some modifications stated in 5.2.2.3 to 5.2.2.5 of EN 13445-6:2009) or
any of the two sets of DBA rules (with some modifications stated in Annex E of EN 13445-6:2009) in Part 3. The
nominal design stress shall be calculated according to special rules in 5.2.2.2 of EN 13445-6:2009, which include
special temperature coefficients, as well as testing and safety factors, which depend upon the amount of NDT.
Annex G of EN 13445-6:2009 gives DBF formulas for special geometries, common in castings.

DBE by means of burst tests can also be used, either as sole design method or as a complement to the other
methods, depending upon the energy content of the vessel. Part 6 contains its own DBE rules in 5.2.2.1.4 to
5.2.2.1.5 of EN 13445-6:20009.

Fatigue must be considered for vessels with more than a certain number of full pressure cycles, this number
depending upon testing factor and stress concentration factors as shown in Table 4.1-1 of EN 13445-6:2009. The
available methods are described in 5.2.2.1.7 of EN 13445-6:2009 (simplified and detailed assessment, with the
detailed rules in Annex D of EN 13445-6:2009) and 5.2.2.1.8 of EN 13445-6:2009 (experimental assessment, with
the detailed rules in Annex H of EN 13445-6:2009).

Fillet radii are limited by rules in 5.2.2.6 of EN 13445-6:2009.

A.8.4 Welding

No welding, not even repair welding is allowed.

A.8.5 Testing and final assessment

Requirements for testing and final assessment are given in Clauses 6 to 7 of EN 13445-6:2009. Special rules apply
to ‘critical zones which are defined in 3.1.1 of EN 13445-6:2009.

A.9 Pressure vessels constructed from aluminium and aluminium alloys

A.9.1 General

Special requirements for such vessels are to be found in EN13445-8:2009, which contains additions to and
exceptions from the general rules in EN13445-2:2009 to EN13445-5:2009.

A.9.2 Materials

Clause 5 of EN 13445-8:2009 contains deviations from the rules in EN13445-2:2009 for elongation, prevention of
brittle fracture and lamellar tearing, as well as special limits on the contents of lead and hydrogen contents. Table
5.6-1 of EN 13445-8:2009 shows the special material grouping system to be used for aluminium and aluminium
alloys.
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A.9.3 Design

In general, design follows the rules in EN13445-3:2009, but 6.4 of EN 13445-8:2009 contains alternative rules for
thick-walled pipes. The nominal design stress and maximum design temperatures shall be calculated as shown in
Tables 6.3-1 and 6.3-2 of EN 13445-8:2009.

The rules are at present limited to vessels with less than 500 full load cycles.

Design of welds are specified in 6.6 of EN 13445-8:2009.

A.9.4 Manufacturing

In general, the rules in EN13445-2:2009 apply, but with a large number of deviations as outlined in Table A.9-1.

Table A.9-1 — Deviations in EN13445-8:2009 from EN13445-4:2009

Subject Referenc.e in Modifying refgrence in
EN13445-4:2009 EN13445-8:2009

Welding procedures 7.2 7.3

Qualification of welding procedures 7.3 7.4

Qualification of welders 7.4 7.5

Joint preparation 7.6 7.6

Preheating 7.9 7.7

Production tests, reference criteria 8.2 7.8

Extent of testing Table 8.3-1 Table 7.9-1
rocepance citeria |84 710

Forming procedures 9.3 7.11

Heat treatment after forming 9.4 7.12

Sampling of formed products 9.5 7.13

Tests 9.6 7.14

Post weld heat treatment 10 7.15
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A.9.5 Inspection and testing

In general, the rules in EN13445-5:2009 apply, but with a large number of deviations as outlined in Table A.9-2.
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Table A.9-2 — Deviations in EN13445-8:2009 from EN13445-5:2009 rules

Reference in

Modifying reference in

Subject EN13445-5:2009 EN13445-8:2009
Testing groups Table 6.6.1-1 Table 8.2-1
Demonstration of satisfactory 6.6.1.1.4 8.2.2

experience

Extent of NDT

Table 6.6.2-1 and 6.6.2
Note 2

Table 8.3-1 and 8.3

NDT methods Table 6.6.3-1 Table 8.4-1
RT acceptance criteria Table 6.6.4-1 Table 8.4.2-1
VT acceptance criteria Table 6.6.3-1 Table 8.4.3-1
PT acceptance criteria Table 6.6.3-1 Table 8.4.4-1
Selection of NDT methods Table 6.6.3-2 Table 8.5-1
Hydrostatic test 10.2.3.3 8.6
Pneumatic testing 10.2.3.4.2 8.7

Model approval of serially produced AD 91

vessels
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Annex B
(informative)
Index

Access openings

— number of, CyliNArCal VESSEIS .......ccccoiiiiiiiiiii e Table C.3-1 of EN 13445-5:2009

— number Of, SPhEriCal VESSEIS .......cooiiiiiiiiiiee e Table C.3-2 of EN 13445-5:2009

— tYPES AN AIMENSIONS ....eeeeiitite ettt ettt et e e e st e e sbee e e s nne e e e abneeenas C.2 of EN 13445-5:2009
ACOUSTIC BIMISSION ..ttt ettt et e e e e e s et bbbt e e e e e s e bbb b e e e e e e e e annbbeeeeeeeeanees Annex E of EN 13445-5:2009
Action

ikt L1 T 1Te] o TP U SPRRPTRRIN 3.1and B.2.1 of EN 13445-3:2009

— 10 D CONSIAEIEA ...t e e e e 5.3.1 of EN 13445-3:2009
ACHION tyPE, AEFINILION ..oeiiiiie it e e B.2.2 of EN 13445-3:2009
Analysis thicknNess, defiNItION ...........ooii i 3.2 of EN 13445-3:2009
Annular plate, definitioN ..........ooi i e e e e e et e e e e e s e e e 10.2.4 of EN 13445-3:2009
Application rule, definitioN. ..o e e e e a i raaeaaan B.2.3 of EN 13445-3:2009
Assembly condition, definition ... 11.2.1, G.2.8 and GA.2.8 of EN 13445-3:2009
ASSEMDBIY, AEFINITION ... et e e e e e st e e e e e s st e et e e e e e s srraaaeeeannnaes 3.5 of EN 13445-1:2009
Assumed thiCKNESS, AEFINITION .........iiiieiiii e e e e s e st e s e ab e eereaans 3.3 of EN 13445-3:2009
Attachments, welding to pressure-retaining Part...........cocoeeeeiiiee e 7.8 of EN 13445-4:2009
Austenitic spheroidal graphite cast iron, definition............cccco i 3.1.9 of EN 13445-6:2009
23z 1o g o 1< {1 1) o T 3.12 of EN 13445-5:2009
Bending Stress, defiNItiON .........ocouiiiiiii e 15.2.2 of EN 13445-3:2009

Blank (blind) flange, definition .... G.2.2 and GA.2.2 of EN 13445-3:2009

Bolted domed end

Bl (L1 11o ] o T SRR 12.1 of EN 13445-3:2009
el V1| = Yot T o= | (o0 = i o o R ORRRY 12.6 of EN 13445-3:2009
— NAITOW fACE, CAICUIALION .....ceeee ettt e e e et e e et e e e st eeeab e e ssaa s esaaneenens 12.5 of EN 13445-3:2009
Bolts
— dimensions of standard metric DOItS............cccocveiiiiiieiiiecn Tables G.8-1 and GA.8-1 of EN 13445-3:2009
— fAtiQUE TESION CUIVE ...t 18.12.3 of EN 13445-3:2009
el L1110 1= PR UPP TR C.5.5 of EN 13445-5:2009
—in alternative flange desigN rUIES........ccueiiiiiiieei e G.5.2 and GA.5.2 of EN 13445-3:2009
— N FlaNQES, GENEIAL ...t e e e e e e e e e e 11.4.3.1 of EN 13445-3:2009
— in full-face flanges, CalCUIALION ...........ooieeiiiii e 11.6.2 of EN 13445-3:2009
— in narrow-face flanges, CalCulation ..............ooi e 11.5.2 of EN 13445-3:2009
— TEQUIrEMENTS TOF STEI....eiiii it e e e 4.2.5 of EN 13445-2:2009
— SEENQLN CALEGOIIES .....eeiieeee ettt e e e e e e e e e aennees Table 11.4-2 of EN 13445-3:2009
Bracket supports
— DASIS fOr AESIGN TUIES ..ot e e e e e e e e Annex L of EN 13445-3:2009
= VEITICAI VESSE ..ttt ettt e e e e e e e e e e et e e e e e e e e eeeeas 16.10 of EN 13445-3:2009
Brittle fracture
— determining resistance - MEthOO 1 ........cooiiiiiiiiie e B.2.2 of EN 13445-2:2009
— determining resistance - MEthOd 2 .........ooiiiiiiiii e B.2.3 of EN 13445-2:2009
— determining resistance - MEthod 3 .........coiiiiiiii e B.2.4 of EN 13445-2:2009
— requirements fOr PreVENTION...........oi e e s Annex B of EN 13445-2:2009
el LR 10 [T (=T 41T 1 TS RSRRRP B.3 of EN 13445-2:2009
WEIAS ettt h e E e bbbt e bt ket e bt e be e e be et e reennreen B.4 of EN 13445-2:2009
Burst test
Bk L= L1 1 1o ] o T TP RRUT PSR T.2 of EN 13445-3:2009
— spheroidal graphite CAaST ITON.........uiiiiiiie it 5.2.2.1.5 of EN 13445-6:2009
— with global deformation control, definition................ooii e T.2 of EN 13445-3:2009
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Calculation pressure

s (=11 01 1o o DO UPPPPOTPR 3.4 of EN 13445-3:2009

it (1S €0 011011 o RO TP TP P PP PPRPT 5.3.10 of EN 13445-3:2009
Calculation temperature

8 (=111 1o o TR 3.5 of EN 13445-3:2009

ikt (1= €001 T 011 o o PP RTRT 5.3.11 of EN 13445-3:2009
Calibration, test and measurement EQUIPMENT.......c..uiiiiiiiei ittt e e 9 of EN 13445-5:2009
Casting manufacturer, definition ............oo i 3.1.4 of EN 13445-6:2009
(@4 0= 10 g o 1= 0o [ 1 1 (o o IR 3.6 of EN 13445-3:2009
Characteristic value/function, definition..............coiiiiiiiiii e B.2.4 of EN 13445-3:2009
Chemical composition

— lIMITALIONS, AIUMINIUM ...t e et e e et e e e e e e s e e e s asa s s saasessba e ssannsassnnsaaes 5.5 of EN 13445-8:2009

e L1 =N [0] ) (=T N Table 4.1-1 of EN 13445-2:2009
Clad products

i B =1 S OSSP RRRUUPRRTON 5.5.2 of EN 13445-3:2009

— heat treatment after cold fOrmMING ........ooooiiiiiii e 9.4.4 of EN 13445-4:2009

— heat treatment after hot fOrMING ........coooii e 9.4.6 of EN 13445-4:2009

el L0188 {011 1211 o Vo TR PRUP TP 9.3.2.6 of EN 13445-4:2009

— technical delivery CONAIitioNS.........oocuuiiiiiiii e 4.3.4 and Annex D of EN 13445-2:2009
Classification, in hazard categories 4.2 of CR 13445-7:2002
ClOSING MECHANISIMIS ...ttt e e e e st e e e e e e s st b e e e e e e e e e aabaeeeeaannns C.5 of EN 13445-5:2009
(70T 11] o L= TP PRSPPRRPR 5.2.4 of EN 13445-3:2009
Coefficient of variation, definitioN ............cooiiiiiiiri e B.2.5 of EN 13445-3:2009
[@Fa] 1 E=T g0 (<] {1 11 o I 14.2.4, G.2.5 and GA.2.5 of EN 13445-3:2009
Combination factor, AefiNIION..........coiiiii e e e e e B.2.6 of EN 13445-3:2009
Compliance, definition... G.2.11 and GA.2.11 of EN 13445-3:2009
Component, AefiNItION .........coiiiiii e e e e e et r e e e e e s st e e e e e e e anaeaeeannnaee 3.7 of EN 13445-3:2009
Cone-cylinder intersections

— calculation, EXIEINAI PrESSUIE........uuviiiieeiiiiiiiet e e e e et e e e e e s e e e e e e s et a e e e e e e e s enssbareeaaeenan 8.6.5 of EN 13445-3:2009

— calculation, INTEINAI PrESSUIE........c..uiiiiiie ettt e e e e e e e s et e e e e e s s e ibrraeeaeee s 7.6.5 of EN 13445-3:2009
Conformity assessment

—MOAUIES <.ttt e e e e et e e e e e et et eeeeeeeet e eerarrraaaaeeaearans Annex B of CR 13445-7:2002

el (01010 (U] 2 TP TP PP PP 4.3 of CR 13445-7:2002

B =101 (=T OO PPPR PP Annex A of CR 13445-7:2002
Conical ends, calculation, iINtErNal PrESSUIE .........coiiuuiiiiiee et e et e e e e e e e e e e e s aeaeeeeeaaaaa 7.6 of EN 13445-3:2009
Conical shells

— calculation of defOrMAatioN ...........cciiiiiiiii e 9.2.2 of EN 13445-4:2009

— calculation, EXIEINAI PrESSUIE..........uiiiieee e et eee e e ettt e e e e e e et e e e e e s e satb e eeeeeeeansbrereeaeeaann 8.6 of EN 13445-3:2009

— calculation, INTEINAI PrESSUIE........ . e ettt e e e e e e e et e e e e e e senntaeeaaaaeeans 7.6 of EN 13445-3:2009

—weld design reqUIFEMENTS .......cooiiuiiiiiie e e e e e e Tables A-1 and A-2 of EN 13445-3:2009
(70 01V ] 011 e a e (=31 1110 o PP PPPPN 14.2.2 of EN 13445-3:2009
Cooling channels, see cylindrical shells with
Corrosion

— COITOSION AIIOWANCE ....uvceiieiiie et e e e e et e e e e e et e e e e e e e ea it e s e e e eesaaa e e e e e earanaaeees 5.2.2 of EN 13445-3:2009

S 1AL € | P PP P PP PO P PP PPPPPPRN 5.2 of EN 13445-3:2009
Creep range

Bl (=11 1110 o T PSP 3.8 of EN 13445-3:2009

e (=110 | o 1 I PRSPPI 19 of EN 13445-3:2009
Critical area, defiNItiON..........ouuiiiii e e e s 17.2.16 and 18.2.17 of EN 13445-3:2009
Critical zone, definition 3.1.1 of EN 13445-6:2009
Cryogenic application, definition ............oooiiiiiii e 3.9 of EN 13445-3:2009
(@10 2} 1l 115 411 Ao L= 1011 (0] o P 17.2.1 and 18.2.13 of EN 13445-3:2009

Cyclic loads, see fatigue

Cylindrical shells
— calculation Of defOrMALION .........ciiiiiiiiiiee e e e e e e e er e as 9.2.2 of EN 13445-4:2009
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— calculation, @XIEINAI PrESSUIE ........cii ittt e ettt e et e e e e e sttt e e e e e e s asbe e eeeeeeaannnenes 8.5 of EN 13445-3:2009
— calculation, INTEMNAI PrESSUIE ........ciii ittt e e e et e e e e e e s abbbeeeeaeeeaaaes 7.4.2 of EN 13445-3:2009
— external pressure, vessel outside tOleranCes............ooiiiiiiiiiiiiiiiiiee e Annex F of EN 13445-3:2009
e 1[0 =1 (o 7= o PO EPPR 16.14 of EN 13445-3:2009
—10CaAl [0AAS ON NOZZIES......oiiiiiiiiiiite et et e e s eas 16.5 of EN 13445-3:2009
— stiffened, calculation, external PrESSUIE...........cciiiiiiiieiie e e a e e e 8.5.3 of EN 13445-3:2009
— unstiffened, calculation, eXterNal PrESSUIE.........c.uuiiiiiee et e e e 8.5.2 of EN 13445-3:2009
— weld design requirements .... Table A-land A-2 of EN 13445-3:2009
— with heating/cooling channels, calculation, external preSsure ..........cccccvveveiiieeeniieeenns 8.5.3.5 of EN 13445-3:2009
DBA - Direct route
- L 110 TSP PP S PUPR B.6 of EN 13445-3:2009
et LS 1o [ T 1 To Lo [= LU PPPR PSP B.7 of EN 13445-3:2009
—fAUIUIE MOAES ...t e e et e e e e et eeaaeeas Table B.4-1 of EN 13445-3:2009
(=11 aTe e (o] (oo | PP P PP UPPPPRPPPPPI B.5 of EN 13445-3:2009
— spheroidal graphite CASE ITON........uuiiiiiiie et E.2 of EN 13445-6:2009
DBA - Stress categorization
— ClasSIfiCAtION Of SIIESSES ...cciiuiiiiiiiiii e C.5 of EN 13445-3:2009
el (0 10 Te (U] = PP EPPRPEP C.6 of EN 13445-3:2009
— TEPIESENTALIVE SIIESSES. . eiiiitiie itttk e ettt e e e e e et e e s e e e e e et e e e C.4 of EN 13445-3:2009
— spheroidal graphite CAS ITON.........eiiiiiiie it E.3 of EN 13445-6:2009
DBE
L L1 2= V1T o E PP PUP R OUPP T.4 of EN 13445-3:2009

—MEBENOUS ... T.5 of EN 13445-3:2009

Bl (011 To (U= PP PEPROPPPR T.6 of EN 13445-3:2009

— spheroidal graphite cast iron, Performing.........ccccceoiiire i 5.2.2.1.5 of EN 13445-6:2009
DBF

— Clad COMPONENTS ...t e e e e st e e e e e e e ab e et e e e e e e snbbeeeeeaeeeaanene 5.5.2 of EN 13445-3:2009

S (L1 - | USRS 5.5.1 of EN 13445-3:2009

Declaration of compliance, format Annex H of EN 13445-5:2009
Design approval, definition ...........cuuiiiiiiii e 3.2 of EN 13445-5:2009
Design by analysis, see DBA

Design by experiment, see DBE
Design by formulae, see DBF

Design check, AefiNItiON...... ..o e e et e e e e e e e ea e e B.2.7 of EN 13445-3:2009
Design model, AefiNItION .........oiiiiiiiie e e e e e e e B.2.8 of EN 13445-3:2009
Design pressure

— combination with temperature, normal operating load Cases...........cccccevviiiieiieeiiniiiieeeeenn, 5.3.8 of EN 13445-3:2009

— combination with temperature, testing or exceptional load cases............ccccccovviiiiieieeennnns 5.3.9 of EN 13445-3:2009

ke L1111 To] o IO TP PPPP PP 3.10 of EN 13445-3:2009

e (=1 C=1 € 0011011 o SRRSOt 5.3.5 of EN 13445-3:2009
Design reference temperature, definition..............oooiii i 3.1.3 of EN 13445-2:2009
Design review

Bk L= L1 1 1o ] o T TP RUUT PR 3.1 of EN 13445-5:2009

= PEITOMMANCE ...ttt ekt e et e e s bt e e et e e e st e e s nr e e e e are e 5.3 of EN 13445-5:2009
Design stress, see Nominal design stress
Design stress range spectrum, definition.............coii e 17.2.2 of EN 13445-3:2009
Design temperature

= AEFINITION Lt s 3.11 of EN 13445-3:2009

L (5100110110 T PP P PP PU PP PPRO 5.3.7 of EN 13445-3:2009
Destructive testing, VEICAtION ...........ooiiiiiiiiie e e 6.7.3 of EN 13445-5:2009
Differential pressure, definition ............ooiii i 3.12 of EN 13445-3:2009
Dimensions, required Annex B of EN 13445-5:2009
Discontinuity

— AEFINITION Lttt e 18.2.2 of EN 13445-3:2009

— gross structural, definitioN ... 18.2.3 and C.2.1 of EN 13445-3:2009

— local structural, definitioN ........c.oeuiiiii e e rb e 18.2.4 and C.2.2 of EN 13445-3:2009
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Dished ends

— calculation Of defOrMALION .........oiiiiiiieiie et e e e ee b e s 9.2.1 of EN 13445-4:2009

— calculation, INTEINAI PrESSUIE.......c. .ttt e e e e e e e e e e e e e 7.5 of EN 13445-3:2009

Bl (0] (5122 1 07 RRRPOUOOt 5.4.6 of EN 13445-4:2009

— weld design reqQUIFEMENTS ........cociiiiiiiee ettt e e e e e et Table A-1 and A-2 of EN 13445-3:2009
Documentation, fOrmed ProUUCES ..........uuiiiiii e e e e e e e ee e e e e e e e ennees 9.9 of EN 13445-4:2009
EarthqUAaKe I0AAS .......oeiiiiiiiiiii et e e e e et e e e e e et e e e e aneee 16.14.9 of EN 13445-3:2009
L (ST 0 (= {1 LT o T B.2.9 of EN 13445-3:2009
Effective notch stress, definitioN...........ocuuiiiieii e 17.2.3 and 18.2.15 of EN 13445-3:2009
Effective stress concentration factor, definition ..............ccoeeeiiiiiiiiiiiie e 17.2.4 and 18.2.16 of EN 13445-3:2009
Elevated temperatures, requirements for material ............ccccevieiiiiiiiiiie e 4.2.2 of EN 13445-2:2009
Ellipsoidal ends

— calculation, EXIEINAI PrESSUIE.........uuiiiie ettt e e ettt e e e e e ettt e e e e e e s stbbeeeeaeeesssnbaeeaaaeenan 8.8.3 of EN 13445-3:2009

— calculation, INTEIMNAI PrESSUIE..........ueiiiiee et e e e et e e e e s et e e e e e s e enneaeeeaae s 7.5.4 of EN 13445-3:2009
ENnd tangents, definition............oooii oo a e e e 14.2.3 of EN 13445-3:2009
Ends built from segments, calculation of deformation............cccccoiiiieiiiiiiii e 9.2.5 of EN 13445-4:2009
Endurance limit, definition ...........ooiiiiiiiiee e 17.2.5 and 18.2.12 of EN 13445-3:2009
Equivalent full pressure cycles, definition..............euiiii i 17.2.7 of EN 13445-3:2009

Equivalent stress, definition 18.2.7 of EN 13445-3:2009
Erosion, general........cccccccovvciviieeneenn. 5.2.1 of EN 13445-3:2009
4.3.2 of EN 13445-2:2009

European approval for materials, applicability

European standardised steels, lISt Of ... Table E.2-1 of EN 13445-2:2009
European standards, steel and steel COMPONENTS .........cooiiiiiiiiiieiiiii e Annex E of EN 13445-2:2009
Expansion bellows
] 11 [11To o < PP 14.4 of EN 13445-3:2009
L 511110 o O S 14.2.1 of EN 13445-3:2009
— design guidance.. Annex K of EN 13445-3:2009
— QISPIACEIMENES ...ttt et e e e e e et b et e e e e e e s bbb e e e e e e e e aannneeeeean 14.10 of EN 13445-3:2009
— FADFICALION e et 14.8 of EN 13445-3:2009
Bl 1115701101110 ] IO PPUR SRRSOt 14.9 of EN 13445-3:2009
—1Or0IAAI DEIIOWS ... 14.7 of EN 13445-3:2009
— typical attaChmeNt WEIAS .........ccoiiiiiiiiie e Table 14.4.5-1 of EN 13445-3:2009
— U-shaped, reinfOrCed........ ..ot e e e e e e rarereaeeeane 14.6 of EN 13445-3:2009
— U-shaped, UNFEINTOIrCEA. .......ooi it e e e e e e ebraeeaaeeeens 14.5 of EN 13445-3:2009
— Weld desSign rEQUIFEIMENTS ........viiiiiiii et Table A-9 of EN 13445-3:2009
External loads, definition ............uueiiiiiiiiii e G.2.10, and GA.2.10 of EN 13445-3:2009
Fabrication
— continUOUS Process, AefiNItiON .........c.uuiiiiie e 3.9 of EN 13445-5:2009
— @XPANSION DEIIOWS ...ttt e e e e e e e e e e e a e e e e e s e atntaeaaaaeeaaaes 14.8 of EN 13445-3:2009
Failure modes, CONSIAEIEM ...........uiii it e et e et nanes 5.3.3 of EN 13445-3:2009
Fatigue
— detailed assessment, classification of welds ............ccooovvveiiiiiiiiiiiinnns Table 18-4 and Annex P of EN 13445-3:2009
— detailed assessment, IMITAtIONS. ...........viiiiiii e e e e e s 18.4 of EN 13445-3:2009
— detailed assessment, spheroidal graphite Cast iIrON...........cccuueiiiiiiiiiiiiiec e D.7 of EN 13445-6:2009
— detailed asSSESSMENT, SEEEI........iiiii e Clause 18 of EN 13445-3:2009
— detailed assessment, SUMMAry Of PrOCESS ........cceeiiiiiiiiiiiiee e e e Table 18-1 of EN 13445-3:2009
— experimental assessment, spheroidal graphite cast iron.............cccccvveveieiiiiiiieee e, Annex H of EN 13445-6:2009
— fixed tubesheet heat exchangers, asSeSSMENt .........cccuvviiiiei it J.10 of EN 13445-3:2009
e LU L= N = Lo o [P TP O P PP O P PP P OPPPPPPPRPTRPON 19.7 of EN 13445-3:2009
— inspection and testing Annex G of EN 13445-5:2009
— lIMIt NOL TO CONSIART ...ttt e e e ettt e e e e e ettt e e e e e e e snsbaeeeaaeeaees 5.4.2 of EN 13445-3:2009
— limit not to consider, spheroidal graphite cast irON .............cooiiiiiiiiic e 4.1 of EN 13445-6:2009
— measures when lifetime iS reached ... ... M.3 of EN 13445-3:2009
— NDT, QCCEPLANCE CIEEIIA. .. eeieieiiitiiiiee e ettt e ettt e e e et e e e e e e e et e e e e e e e e anneeeeeaaens 18.10.5 of EN 13445-3:2009
— simplified assessment of UNWelded ZONES ..........coooiiiiiiiiiiiiiie e Annex Q of EN 13445-3:2009
— simplified assessment, classification of Welds..............coiiii e Table 17-4 of EN 13445-3:2009
— simplified assessment, IMILALIONS ..........ooiiiiiiii e 17.4 of EN 13445-3:2009
— simplified assessment, spheroidal graphite Cast iroN ............ccueeeviiiiiiiiieeie e D.6 of EN 13445-6:2009
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— simplified @SSESSMENL, STEEI........ueiiiiiii e 17 of EN 13445-3:2009
— SEIESS TACLOIS ..ottt e e e e e e e e Table 17-1 of EN 13445-3:2009
Fatigue design curves
B0 e e et e e e nnees 18.12.3 of EN 13445-3:2009
= EFINILION .. 17.2.8 and 18.2.1 of EN 13445-3:2009
e LF= o = 12 0 OO PERRR 18.10.7 and 18.11.3 o fEN 13445-3:2009
— spheroidal graphite Cast irON............ceiiiiiiiiiiiiiee e D.6.3 and D.7.3 of EN 13445-6:2009
Fatigue test, AefiNitiON ............ooii e e e e e e e e e e e e e e e as T.2 of EN 13445-3:2009
Ferritic spheroidal graphite cast iron, definition ... e 3.1.8 of EN 13445-6:2009
Fillet radius, minimum value, spherical ShellS...............ooiiiiiii e 5.2.2.6 of EN 13445-6:2009
Final assessment
B2 L] | S PP P PP PPPPTPTPTPRPT 10.2 of EN 13445-5:2009
— spheroidal graphite CASE IFON.........coii it e e e e aeeea e 7.2 of EN 13445-6:2009
Fixed tubesheet heat exchanger
— AlterNAtive deSIGN TUIES .....coiuiiii ettt J.7 of EN 13445-3:2009
— alternative design rules, fatigue aSSESSMENT..........cuuiiiiiiiiie it J.10 of EN 13445-3:2009
Bl 1110110 o PR UPSRPR 13.2.2 of EN 13445-3:2009
S L 1L - Uo7 TSR 13.5.10 of EN 13445-3:2009
— integral or narrow-face gasketed, channel-tubesheet junction design ...........cccccceeeeeenne. 13.5.8 of EN 13445-3:2009
— integral or narrow-face gasketed, CONAItIONS ...........cooiiiiiiiiiiiiia e 13.5.2 of EN 13445-3:2009
— integral or narrow-face gasketed, design of shell w/ different thickness or material ......... 13.5.9 of EN 13445-3:2009
— integral or narrow-face gasketed, 10ad CASES ...........ccoeiiiiiiiiiiiiiiiiie e 13.5.4.1 of EN 13445-3:2009
— integral or narrow-face gasketed, Shell deSign ... 13.5.7 of EN 13445-3:2009
— integral or narrow-face gasketed, tube design...........ccccoviiiiiiiie 13.5.6 of EN 13445-3:2009
— integral or narrow-face gasketed, tubesheet design ...........cccceveeeiiiiiiiiiie e 13.5.5 of EN 13445-3:2009
(012 Lo [0 o= ET =T PRSP I.1 of EN 13445-3:2009
Flanges
— alternative desSign FUIES.......ooo i Annexes G and GA of EN 13445-3:2009
— alternative design rules, limitationNS..........c..ueveiiiiiiiiii e G.4.1 and GA.4.1 of EN 13445-3:2009
— alternative design rules, mechanical model............cccccceeiiviiiiiiiic e, G.4.2 and GA.4.2 of EN 13445-3:2009
— boltiNg-UP MENOAS .....oviiiiiiieiee e ....G.8.3 and GA.8.2 of EN 13445-3:2009
— full face with metal-to-metal contact, calculation...............ccocuiiiiiieeiiiee e 11.10 of EN 13445-3:2009
— fUll fACE, CAICUIALION ....eviveiiiiiieiiieeee e e s e s e e e e e e e e e e e e e e e e e e eennnes 11.6 of EN 13445-3:2009
— QASKEL FACTOIS i Annex H of EN 13445-3:2009
— gaskets, in alternative design rules G.5.3, G.9, GA.5.3 and GA.9 of EN 13445-3:2009
— gaskets, standard flaNgES..........ooiii i Table 11.4-1 of EN 13445-3:2009
— metal-to-metal contact, CAlCUIAION ............oiieeiiiee e 11.10 of EN 13445-3:2009
— NAITOW fACE, CAICUIALION .. ..ceee ittt e e et e e et e e e e st e e e ab s e ssaa s esaaneeeens 11.5 of EN 13445-3:2009
—TEVEISE TUII TACE .. a e e 11.9 of EN 13445-3:2009
— reverse NAarrow face, CalCUIATION ..........o.uueiiiii e e e e e 11.8 of EN 13445-3:2009
— Seal-Welded, CalCUIALION..........ciiu e e e e e e e e s e e e eaaeeeens 11.7 of EN 13445-3:2009
— spheroidal graphite cast iron, calculation...............cc.oooviiiiiiiiiee e Annex G of EN 13445-6:2009
— use standard Without CaICUIALION...........ccoiiiiiiiiiiie e 11.4.2 of EN 13445-3:2009
— Weld deSigN rEQUITEMENTS ........uviiiiie ittt e e e e a e e e s s etbraaeeaee s Table A-7 of EN 13445-3:2009
Flat end
Bl 511101110 o USRS 10.2.1 of EN 13445-3:2009
— non-circular or annular, CalCUIALION ............uiiiiii e e r e 10.7 of EN 13445-3:2009
el L[ (o1 =To Mo [ U1 -1 i o 1o PP EPR 10.6 of EN 13445-3:2009
— spheroidal graphite cast iron, calculation...............cc.oooviiiiiiiiiee e Annex G of EN 13445-6:2009
— unpierced, bolted with full-face gasket, calculation 10.5.3 of EN 13445-3:2009
— unpierced, bolted with narrow gasket, calculation ............ 10.5.2 of EN 13445-3:2009
— unpierced, welded to cylinder, CalCUlation ...............euiiiiiiiiiiiii e 10.4 of EN 13445-3:2009
— wWeld desSign reQUIFEMENTS ........ciiiiii ittt e e Table A-3 of EN 13445-3:2009
— with radial reinforcemMeENt FiD......... oo 21 of EN 13445-3:2009
[ LYY= Y| ET (=1 (0T (=Y 21 of EN 13445-3:2009

Flexibility modulus, definition G.2.12 and GA.2.12 of EN 13445-3:2009

Floating tubesheet heat exchanger

— alterNativVe dESIGN FUIES ....co ettt e et e e e e e e e nbee e e e e e e s aannaeeee s J.7 of EN 13445-3:2009
— CAICUIALION......eeee e 1.2 of EN 13445-3:2009
— AEFINIHION L e 13.2.3 of EN 13445-3:2009
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L 118 = 1o T SRR 13.6.9 of EN 13445-3:2009
— integral or narrow-face gasketed, channel-tubesheet junction design............ccccccoinnneeeen. 13.6.8 of EN 13445-3:2009
— integral or narrow-face gasketed, CONAILIONS..........cuuviiiiie i 13.6.2 of EN 13445-3:2009
— integral or narrow-face gasketed, 10ad CASES..........ccocuviiiiieiiiiiiiieie e 13.6.4.1 of EN 13445-3:2009
— integral or narrow-face gasketed, shell-tubesheet junction design...........cccccceevvviiiieeneenn. 13.6.7 of EN 13445-3:2009
— integral or narrow-face gasketed, tube design ..o 13.6.6 of EN 13445-3:2009
— integral or narrow-face gasketed, tubesheet design...........ccoocuueiiiiiiiniiiiiiee e 13.6.5 of EN 13445-3:2009
— internally sealed floating NEA...........cooiiiiiiiiiii e 13.6.10 of EN 13445-3:2009
Fluid, definition ........ccoiiieeee e 3.3 of EN 13445-1:2009, 3.2 of CR 13445-7:2002
Forming
— calculation of defOrMALION ..........ooiiiiiiiii e a e e 9.2 of EN 13445-4:2009
— cold forming, alUmiNiUM ........oooiii e e e ee e 7.11-1 of EN 13445-8:2009
— COId FOrMING, SEEEI ..ottt e e 9.3.1 of EN 13445-4:2009
e (0100 [101=T 01 7= 11 [0 PO PP U PO PP PP TPPPPR 9.9 of EN 13445-4:2009
— eXPANSION DEIIOWS ...ttt e e e e e e e e st e e e e e s st aaaeaeeeaas 14.8.1 of EN 13445-3:2009
— heat tre@tMENT AFEI......o i 9.4 of EN 13445-4:2009
— heat treatment after cold forming, flat steel products ............ 9.4.2 of EN 13445-4:2009
— heat treatment after cold forming, tubular steel products 9.4.3 of EN 13445-4:2009
— heat treatment after hot fOrMING ........oooiiii e 9.4.5 of EN 13445-4:2009
— heat treatment after, AlUMINIUM . .......ooounni e e e e e e et e e e s e e raaaaees 7.12 of EN 13445-8:2009
el L0188 {011 1017 o To TSP RURTSRUPRR 9.3.2 of EN 13445-4:2009
— hot forming, alUMINIUM ...t e e e e e e e e e 7.11.2 of EN 13445-8:2009
L1551 8 1=To1 1o o PP PPPPTUPURPOt 6.4.4 of EN 13445-5:2009
el LTV X1 0o TSP PP TR UPTRPP 9.8 of EN 13445-4:2009
— tests after, numMber of, AlUMINIUM ... .oouuiii e e e e e 7.13 of EN 13445-8:2009
—tests after, NUMDET Of, SEEEL........cooiiiiii e 9.5.2 of EN 13445-4:2009
— tests after, performance and acCeptanCe CHLEIIA ........c.uuvvevieeiiiiiiiiee e 9.6 of EN 13445-4:2009
o101 o To 10 To [ TP RERR R 5.3 of EN 13445-6:2009
Full face flange
o= L[] =1 1o o PP URP PRSP 11.6 of EN 13445-3:2009
L 5110110 o ST SSTRR 11.2.4 of EN 13445-3:2009

17.2.6 of EN 13445-3:2009
13.2.4 of EN 13445-3:2009

Full pressure cycles, definition

Gasketed tubesheet, definition
Gaskets, see flanges

Global axial force, AefINITION ..........iiii e e e e e s st e s e s e eeeaaass 16.2.3 of EN 13445-3:2009
Global bending moment, definitioN............cuuiiiiiiii e 16.2.2 of EN 13445-3:2009
Global loads, cylindrical SNEIIS ..........cooo e 16.14 of EN 13445-3:2009
Global shear force, definition 16.2.4 of EN 13445-3:2009
Governing Weld, defiNItiON ...........oiiiiiii e e e e e s st e e e e e s eairaaaeaan 3.13 of EN 13445-3:2009
Gross structural discontinuity, definition.............ccccooiiii e 18.2.3 and C.2.1 of EN 13445-3:2009
Grouping system
Ei= LU 1111 T8 o o USSP PPRPPTN Table 5.6-1 of EN 13445-8:2009
1 (1= LT USRS UPRPP Table A-1 of EN 13445-2:2009
Handholes, see access openings
Hazard category, defiNitioN ......... ..o e e e e e e enees 3.12 of EN 13445-1:2009

Headholes, see access openings

Heat exchangers
— alterNative deSIgN TUIES ......eiiii et e e Annex J of EN 13445-3:2009
— alternative design rules, lIMItatioNS .........ccueveiiii e J.4.1 of EN 13445-3:2009
— alternative design rules, mechanical MOdel .............ccccviiiiie i J.4.2 of EN 13445-3:2009
— CAICUIALION ..ttt Clause 13 of EN 13445-3:2009
see also fixed tubesheet heat exchanger

see also floating tubesheet heat exchanger
see also tubesheets
see also U-tube tubesheet heat exchanger
Heat treatment
— @XPANSION DEIOWS ...ttt e e e e e et e e e e e e e e et beeeaaeeeanas 14.8.2 of EN 13445-3:2009
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el (0 [01=T0 (U PP PPPT PP 6.8 of EN 13445-5:2009
Heating channels, see cylindrical shells with
Heavy stiffener

L (1101110 o SO PSP PP P PTPPPPPP 8.2.2 of EN 13445-3:2009

— design, CONICAl SNEIL ........ooiiie e 8.6.4.1.3 of EN 13445-3:2009

—design, cylindrical SNEIIS .............ooiii e 8.5.3.7 of EN 13445-3:2009

— welding to pressure-retaiNing PArT .........c...eeei oo 7.8 of EN 13445-4:2009
Hemispherical ends

— calculation, EXIEINAI PrESSUIE .......ciiie i iiiiiee ettt e e e e et e e e e e s st eeeeessasnsbaeeeaaeeeannnees 8.8.1 of EN 13445-3:2009

— calculation, INTEMN@I PrESSUIE ........ci ittt e et e e e e e e st e e e e e e e e s annnneeeaaaeeaanns 7.5.2 of EN 13445-3:2009
Hub

— flange extension design, definition...........cccoeeeiiiiiiiiee e G.2.4 and GA.2.4 of EN 13445-3:2009

i = =T 1o I 1= a1 T o OO Rt 10.2.2 of EN 13445-3:2009
Impact rupture energy, definitioN ............oooii i 3.1.5 of EN 13445-2:2009
Impact test temperature, definition ...........ccooiiiiieii e 3.1.4 of EN 13445-2:2009
Inspection

- L& 1LV [= 2 T PP UP RO Annex C of CR13445-7:2002

il (1101110 o E O PP PUPRRPPPROT 3.4 of EN 13445-5:2009

— spheroidal graphite CASE ITON. .......ueiiiiiiie it 7.1 of EN 13445-6:2009
Inspection openings, see access openings
Integral flange, definition ..........ccvviiiiiii e G.2.1 and GA.2.1 of EN 13445-3:2009
Integral tubesheet, defiNItioN. ... e e e e 13.2.5 of EN 13445-3:2009
Interstiffener collapse

— calculation, coNes, EXLEINAl PrESSUIE. ........uuiii et ea e e et e e e e e e e et eeeaa e e s antreeeeaaaaeaannes 8.6.3 of EN 13445-3:2009

— calculation, cylinders, eXterNal PrESSUIE ........couiiuiiiiiee ettt a e e 8.5.3.4 of EN 13445-3:2009

ke (=111 T 1To] o IO TP PSP PPPTT PR 8.2.4 of EN 13445-3:2009
Joint coefficient

Bkt (L1 T 1o] o TP TR EERPRTRR 3.10 of EN 13445-1:2009

ekt (1= £ 0011011 o USRS 5.6 of EN 13445-3:2009

el LU (=12 T =V Vo T P ERTRT PP 19.6 of EN 13445-3:2009
Kloepper type end

Bk (=11 1o ] o TSRS 7.2.3 of EN 13445-3:2009

see also torispherical ends

Korbbogen type end
L (1101110 o SO PSP PP P PTPPPPPP 7.2.4 of EN 13445-3:2009

see also torispherical ends
Lamellar tearing

—AIUMINIUM Lo s e e e et e e s e e e s e e e s ae e nanees 5.4 of EN 13445-8:2009

L0 (102 01T 01 T OO P TP TP PPPPPPPPT 4.2.1.2 of EN 13445-2:2009
Lap joint, flanges

— CAICUIBLION ...t e e 11.5.6 of EN 13445-3:2009

— AEFINITION Lttt e 11.2.7 of EN 13445-3:2009
(=YL (S 1] o o P PP PP OTPPPPPRON Annex D of EN 13445-5:2009
LS, VEITICAI VESSEI ...ttt e e e et e e e eatbe e e e s 16.11 of EN 13445-3:2009
Lifting lugs

— DASIS fOr AESIGN TUIES ..ot e e e e e e e e e e aees Annex L of EN 13445-3:2009

Rt LT[0 | o RO ERPR PR 16.7 of EN 13445-3:2009
Ligament check

= AEFINITION L. 9.2.1 of EN 13445-3:2009

— PEITOMMANCE ....eeieeiee ettt e et bt e e s e e e e e e st e e et nnes 9.6.3 of EN 13445-3:2009

— WHEN NOL FEQUITEd ..ot 9.6.2 of EN 13445-3:2009
Light stiffener

= AEFINITION L 8.2.3 of EN 13445-3:2009

— design, CONICAl SNEII ........cci i 8.6.4.1.2 of EN 13445-3:2009

— design, CyliNAriCal SNEIIS ........coiiiiie e 8.5.3.6 of EN 13445-3:2009

— welding to pressure-retaining PAIT .........oooiiiri et e e e s e e naee 7.8 of EN 13445-4:2009
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[ LAY £= L (o [ i1 T o] o TN B.2.10 of EN 13445-3:2009
Line loads
— DaSIS fOr dESIGN TUIES ... e Annex L of EN 13445-3:2009
[T 01T T PRSPPSO 5.2.4 of EN 13445-3:2009
Load case
it = S 1= 11T o PRSP 5.3.2 of EN 13445-3:2009
= EFINTEION ... 3.14 and B.2.11 of EN 13445-3:2009
Load change, definition .........c..uuuiiiiieeeee e e e G.2.7 and GA.2.7 of EN 13445-3:2009
Load condition, definition G.2.6 and GA.2.6 of EN 13445-3:2009
(o= To W =Y i o T o (<] {10 11 1T o NPT J.2.2 of EN 13445-3:2009
Local load
—definition........ccooceiiii 16.2.1 of EN 13445-3:2009
—n0zzles , CYlNArICAl SNEIIS .....coooii e a e 16.5 of EN 13445-3:2009
—N0zzles , SPhErCAl SNEIIS ......coiiiiiii e 16.4 of EN 13445-3:2009
Local stress/strain concentration, definitiON ...........ocuiiiiiiiiiiiiie e B.2.12 of EN 13445-3:2009
Local structural discontinuity, definition.............cc.ueeeiiiiiiiiii e 18.2.4 and C.2.2 of EN 13445-3:2009
[0 Tod (Lo =1 (=T 4 1=T 0 TSP PSPRR C.5 of EN 13445-5:2009
Longitudinal welds
1 €210 [0 [T ] o o IO TP TP PP PP 6.2 of EN 13445-4:2009
— wWeld design rEQUITEMENTS ......coiiiiiiiiiie ettt e e e e e e e e nebeeeas Table A-1 of EN 13445-3:2009
Loose flange, definition G.2.3 and GA.2.3 of EN 13445-3:2009
Y F= Tl I T a] e [=Y T ) 1o o PRSPPSO 3.15 of EN 13445-3:2009
Main pressure bearing parts, definition ............oo e 3.1 of EN 13445-1:2009
Manholes, see access openings
Manufacturer
— defiNItION. ..ot 3.15 of EN 13445-1:2009, 3.1.3 of EN 13445-6:2009
— TESPONSIDIIITIES. ... eeei ettt e et n et 3.1 of EN 13445-4:2009
Manufacturing tolerances
— calculation of departure from true CirCle ...........oevieiiiiiiiiieie e Annex E of EN 13445-3:2009
— cylindrical shells under external PrESSUIE ..........cciviiiiiiiiie e e s e e aa e 8.5.1 of EN 13445-3:2009
— EXPANSION DEIIOWS ...ttt e e e et 14.8.3 of EN 13445-3:2009
— EXEEINAI PIESSUIE .ttt ettt e e et e e s e e e e e et e e e 5.5 of EN 13445-4:2009
— internal pressure, deviation from longitudinal @XiS............cocovvieiiiiieiiiie e 5.4.3 of EN 13445-4:2009
— internal pressure, diShed NS ..........oiiii et a e 5.4.6 of EN 13445-4:2009
— internal pressure, external diamEter.............uiiii i 5.4.1 of EN 13445-4:2009
— internal pressure, [0cal thiNNING..........ooo e e 5.4.5 of EN 13445-4:2009
— internal pressure, OUL-Of-FOUNANESS .......cooiiiiiiiiiiia it e e e 5.4.2 of EN 13445-4:2009
— internal pressure, profile and Peaking .........c...eeiii i 5.4.4 of EN 13445-4:2009
— spheroidal graphite CASE ITON .........ueiiiiie e e e 7.1 of EN 13445-6:2009
— SETUCIUTAl TOIEIANCES ...ttt ettt st e e baeees Annex A of EN 13445-4:2009
— verification of shape, external PreSSUIE...........couiiiiiiiie e Annex D of EN 13445-3:2009
—weld alignment, MIAAIE lINE ......coiiiiiiiii e e s e e e e e e aaees 5.2 of EN 13445-4:2009
— Weld aligNMENE, SUMACE .....oiiiiiiieiiiie et a e e e e et e e e e e e e nnnnees 5.3 of EN 13445-4:2009
— Weld SUMACE GEOMELIY ...ttt ettt e e 5.1 of EN 13445-4:2009
— welds, parts with different thiCKNeSSES ...........ooiiiiiiiiiiii e 5.3.2 of EN 13445-4:2009
Marking
LS8 LL1C=] 0| PP PP PP TRP PRI 4.4 of EN 13445-2:2009
L LTI g T=To N o] o o [0t SO PPUPROP Clause 11 of EN 13445-5:2009
— FOIMEA PIrOTUUCES ..ottt e s e 9.8 of EN 13445-4:2009
— IdENIfICALION SYSTEIM ....iiiiiiie it e e e s e e 4.2.2 of EN 13445-4:2009
— TEVIEW Of COMIICALES. ...ttt e e e e e e e e e e e e sneaeeeaaeenes 4.2.4 of EN 13445-4:2009
— Serially ProdUCEA VESSEIS ......ooei ittt e e e et e e e e e e e snaeaeeeaaeeaanae A.9 of EN 13445-5:2009
— spheroidal graphite CaSt ITON .........uviiiiii e a e e e aareeeas 9.1 of EN 13445-6:2009
L (1 1 o TSP SRR 6.3 of EN 13445-5:2009

— transfer of markings 4.2.5 of EN 13445-4:2009

Material manufacturer
8 (1110111 o DT UUPPPPIPIRS 3.14 of EN 13445-1:2009
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see also marking
Maximum allowable pressure

Bk L= L1 1 1o ] o T PSR PERR 3.7 of EN 13445-1:2009
ke (=11 €011 011 o PR UUPUR 5.3.4 of EN 13445-3:2009
Maximum permissible pressure, definitioN.............cooiiiiiiiii e 3.16 of EN 13445-3:2009
Maximum/minimum allowable temperature
ke L1111 1To] o IO PP TP PTUTUPPRRTN 3.8 of EN 13445-1:2009
e (=1 G € 0011011 o TP P PUPPPPRN 5.3.6 of EN 13445-3:2009
Mechanical properties
Bl <L =L 8 SRS 10.5 of EN 13445-4:2009
— spheroidal graphite CASE IFON.........cooii it e e e aeeea e A.2 of EN 13445-6:2009
Mechanical testing, spheroidal graphite Cast irON .............cevveeiiiiiiiiiiie e Clause 6 of EN 13445-6:2009
Membrane Stress, AefiNITION. ... ... e e e e e e e e e s e eraeeeeees 15.2.1 of EN 13445-3:2009
Minimum elongation
- LU 11011 118 o o USSR 5.2 of EN 13445-8:2009
Bl 11 OSSPSR 4.1-4 of EN 13445-2:2009
MiNIMUM IMPACE ENEIGY, SLEEI.....ceiiiiiiiiiiiie et naes 4.1.6 of EN 13445-2:2009
Minimum metal temperature, definition.............oooi e 3.1.1 of EN 13445-2:2009
Minimum possible fabrication thickness, definition ............cccoooiiiiii e 3.17 of EN 13445-3:2009
Model acceptance, defiNItiON ..........c..uuiiiiiii e e e 3.10 of EN 13445-5:2009
Multiple creep load case
el =1 Sl o Tox =To (1] PP ERR 19.8.2 of EN 13445-3:2009
e (=211 0 11T o RO 19.2 of EN 13445-3:2009
Narrow face flange
= 1010 =1 1o o PSPPSR 11.5 of EN 13445-3:2009
Bl 1110110 o PR SOPRRPR 11.2.3 of EN 13445-3:2009
NDT
— ACCEPLANCE CILEIIA ..vvvvviiriee i ittt e e s ee et e e e e e e e e e e e s st tr e e e e e e s eatbareeeeaeseannnnnes Table 6.6.3-1 of EN 13445-5:2009
— acceptance criteria for fatigUe..........oooiiiiiiiie e 18.10.5 of EN 13445-3:2009
— acceptance criteria, alUMINIUM ........occuiiiiie e e e e e e s earrareeaaeeaan 8-4 of EN 13445-8:2009
— acceptance criteria, radiography........c.ceci i Table 6.6.4-1 of EN 13445-5:2009
— acceptance criteria, serially produced VESSEIS...........oeeiiiiiiiiiiiieiec e A.8 of EN 13445-5:2009
— ACOUSEIC EIMISSION .....etteiieeeeeseiiitie e e e e e sttt e e e e e e ettt e e e e aaaaatbeeeaeeeesanstbeeeeaeeesansnneeaaaeenan Annex E of EN 13445-5:2009
— €XPANSION DEIOWS ...ttt e e e e et e e e e e e e e nneneeeaaeeeannns 14.9.2 of EN 13445-3:2009
=) (=] 01 =1 (010 01T 11T T Table 8.3-1 of EN 13445-8:2009
=) (=] 41 ) (<Y< T Table 6.6.2-1 of EN 13445-5:2009
—EAK TESHING -..eteieeeee et e e e e eean Annex D of EN 13445-5:2009
— method, selection for internal flaws, aluminiUm ............oiiiiiiiii e 8.4 of EN 13445-8:2009
— method, selection for internal flaws, StEEl ............covviiiiiiiiiiii e, Table 6.6.3-2 of EN 13445-5:2009
— method, selection for surface IMPerfections ...........cccco i 6.6.3.4 of EN 13445-5:2009
— MEthOds, AlUMINIUM........oiiiii et Table 8.4-1 of EN 13445-8:2009
— MELNOAS, SLEEI ...t Table 6.6.3-1 of EN 13445-5:2009
— qualification Of PEISONNEN..........oiiiiiii e 6.6.3.7 of EN 13445-5:2009
L LLCEE ] 1] 0o T TP PP P PP PPRPPPPPN 6.6.5 of EN 13445-5:2009
— serially ProdUCEA VESSEIS.........ooiiiieiiiee e A.7 of EN 13445-5:2009
— spheroidal graphite CASE IFON.........coii it e e e e aeeea e 7.1 of EN 13445-6:2009
101 0 oo 11 = ol 1 o [P PP UEPTR PRI 7.3 of EN 13445-5:2009
—EECNMIGUES ...ttt e e e e et e e e e e e e e nnne e e ee e e e e e annnees Table 6.6.3-1 of EN 13445-5:2009
— testing groups, alUmiNiUM .. .......uueiiiiiiie e e e Table 8.2-1 of EN 13445-8:2009
— tESHING GrOUPS, SLEEL....eeeiiiiiiiiee ettt e et e e e e e 6.6.1.1 of EN 13445-5:2009
— vessels UNder CYClIC I08AS ..........uviiiiiiiii e Annex G of EN 13445-5:2009
Nominal design stress
- LU 1111 T8 o PO 6.3 of EN 13445-8:2009
— austenitic steels with elonNgation > 3090 ......cc.coiiiiiiiiie e e 6.4 of EN 13445-3:2009
— austenitic steels with elonNgation > 3590 .......c.coiiiiiiiiiii e 6.5 of EN 13445-3:2009
ke (=111 11 To] o IO TP PO PPPP PP 3.18 of EN 13445-3:2009
el LU (1= OO =g Lo TSP PRRRTOR 19.5 of EN 13445-3:2009

— spheroidal graphite cast iron 5.2.2.2 of EN 13445-6:2009, 5.2.2.3 of EN 13445-6:2009
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s (1] ISP OTOR R UUPPPRTPRRt Table 6-1 of EN 13445-3:2009
s L= o= L 1] o L T PP P PP PRPTTI 6.6 of EN 13445-3:2009
— steels except castings and QUSTENITIC ..........eueeieiiiiiii e 6.2 and 6.3 of EN 13445-3:2009
Nominal elastic limit
— A NI 0N e 8.2.1 of EN 13445-3:2009
s (=151 00011011 o PP PTPT TP 8.4 of EN 13445-3:2009
NOMINAl SIrESS, ETINITION ...uiiiiii e e et e e e s e s st e e e ab e e reraaass 18.2.5 of EN 13445-3:2009
Nominal thiCKNESS, AEFINITION...........cuueeiiiii et e e e e e e e e aa e e e e e e esreeaaans 3.19 of EN 13445-3:2009
Non-destructive testing, see NDT
Non-pressure parts, requirements Clause 5 of EN 13445-2:2009
Notch stress (total Stress), definitioN ...........ccuuviiiie i 17.2.12 of EN 13445-3:2009
L0 (o] a IS (YT =Y 110110 ] o TN 18.2.6 of EN 13445-3:2009
Nozzles
— in knuckle region of ends, calculation, internal Pressure ...........ccceveeeeiiiiiiiiee e 7.7 of EN 13445-3:2009
— local loads, cylindrical SNEIIS ... e 16.5 of EN 13445-3:2009
— local loads, SpheriCal SNEIIS..... ... e 16.4 of EN 13445-3:2009
— location N reSPECE OFf WIS ......ooii e e e 9.4.8 of EN 13445-3:2009
— 0DliqUE, CAlCUIRLION. ... e e e e 9.5.2.4.5 of EN 13445-3:2009
(=1 ol | I 410 V4 [ O PRPPRPPPPRN 9.2.8 of EN 13445-3:2009
1ot 0] 0 [ 1[0 Y474 (=TSP POPRTR 9.2.9 of EN 13445-3:2009
sl 1151 IeTo] o1 aT=Tox 1 o] o EEU U PPN 9.4.7 of EN 13445-3:2009
— weld design requUIremMents ..........cccvveeveee e Table A-8 of EN 13445-3:2009

— weld design requirements, socket connections Table A-6 of EN 13445-3:2009

Nuts

— N FlANGES, GENEIAL. ... 11.4.3.2 of EN 13445-3:2009
— FEQUIrEMENES TOF STEEI ...t a e 4.2.5 of EN 13445-2:2009
Obround opening
— AEFINIHION ..t 9.2.2.1 of EN 13445-3:2009
see also openings, elliptical or obround
Openings
— CloSe t0 Shell dISCONTINUILY ........viiieiiiii e 9.7 of EN 13445-3:2009
Rkt L= L0 1To ] o T PRSP RR 9.2.2 of EN 13445-3:2009
— effective N0Zzle thiCKNESS ........ooiiii e 9.4.6 of EN 13445-3:2009
— elliptical or obround with oblique nozzles, calculation ..............ccccoeiiiiiii e, 9.5.2.4.5 of EN 13445-3:2009
— elliptical or obround without oblique nozzles, calculation .............ccooceiiiiiiiiiiiiieee e 9.4.4 of EN 13445-3:2009
— N FECIANQUIAT VESSEIS ...ttt e e et e e e e e e e enere e e e e e e 15.7 of EN 13445-3:2009
— N sSMall VESSEIS, AEFINITION.......uuiiiiiiiii e e e e e e e e e eaaas 9.2.12 of EN 13445-3:2009
e 501 E= 1 (=10 B0z | (o1 U1 F= o) o W 9.5.2 of EN 13445-3:2009
e 5101 E= 1 (=0 I 110 11 =1 0] 1T 9.5.1 of EN 13445-3:2009
— [IMItatioNS ON QIBMETET ... .eiiiiiiiiee e e 9.4.5 of EN 13445-3:2009
— MUILIPIE, CAICUIALION ... .eiiiiii i e e e e e e e e e e s s etbaaeeaeeernenes 9.6 of EN 13445-3:2009
— SMAL TIMIEALIONS ......eiiiiicii et 9.5.2.2 of EN 13445-3:2009
— with oblique Nozzle, CAlCUIAtION ...........coiiiiiiiieieee e 9.5.2.4.5 of EN 13445-3:2009
Operating condition, definition 11.2.2 of EN 13445-3:2009
Outer tube limit, dEfINItION .........ouveiiii e e e e e e e e e e e e s e aeeeeees J.2.1 of EN 13445-3:2009
Overall check
— AEFINIHION . ..o 9.2.3 of EN 13445-3:2009
el =L (0 1= g (ot PP 9.6.4 of EN 13445-3:2009
Overall collapse, defiNITION ..........coiii i e e e e e e e neneees 8.2.5 of EN 13445-3:2009
Partial safety factor, definition ............ooo i B.2.13 of EN 13445-3:2009
Particular material appraisal, appliCability ..............eeeiiiiiiiii e 4.3.3 of EN 13445-2:2009
Rl r LY (TSI o (=] {111 (o o T C.2.5 of EN 13445-3:2009
Period, defiNItiON ........c..oiiiiiiie e 19.2.0f EN 13445-3:2009
Pipelines, defiNItION ........oo i ettt e e e e e s et e e e e e e e e e e e e e e e nnaeeeas 3.6 of EN 13445-1:2009
PIPING, AEFINILION ......eiiiiieiee e e e nnr e s 3.4 of EN 13445-1:2009
Plane of substantial SuppOort, defiNitioN............ooiiiiiiiiiii e 8.2.6 of EN 13445-3:2009

Post weld heat treatment, see PWHT
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Pressure VESSEl, AeTINItION ... .......cuuiiiii e e e e e e e e e e e e b e s st e s e eeeaaeenes 3.2 of EN 13445-1:2009
Primary Stress, defiNItiON ..........oi i C.2.3 of EN 13445-3:2009
PrincCiple, defiNItION ...t e e e e e et e e e B.2.14 of EN 13445-3:2009
Production testing, spheroidal graphite Cast irON ..............ooiiiiiiiiiiii i Clause 6 of EN 13445-6:2009
Production tests
- (S =] 0 =L (ot Yo 1 1= 4 - PP PPP PP 8.4 of EN 13445-4:2009
110001 01T o) R 8.2 of EN 13445-4:2009
= PEITOMMANCE ...ttt ekt e et e e s bt e e et e e e st e e s nr e e e e are e 8.4 of EN 13445-4:2009
— test SPECIMENS, AIUMINIUM ......uiiiiiii e e e e e et e e e e e s sntb e e e e e e e s eansbeneeeens 7.9 of EN 13445-8:2009
— 1St SPECIMENS, SLEEI ....eiiiiiii ettt e e st e e e e e e e et e e e e e e e annneeeeas 8.3 of EN 13445-4:2009
Proof test
e (01010 T4 a 1T o] ¢= L1 o] o O 10.2.3.10 of EN 13445-5:2009
— NYAFOSTALIC ..t 10.2.3.3 of EN 13445-5:2009
— PNEUMALIC, AIUMINMIUM ..ottt e e e e e e e e e e e e et b et e e e e e e e snntbeeeaaeeeasnnsbeeeeaans 8.7 of EN 13445-8:2009
— pneumatic, steel 10.2.3.4 of EN 13445-5:2009
— serially produced vessels, statistical DasiS............cccuviiiiiiiiiiiii e A.11 of EN 13445-5:2009
Prototype vessel/part, definItiON......... ..o 3.11 of EN 13445-5:2009
Pseudo-elastic stress range, definition ............eiviiiiiiiiiiiie e 17.2.10 of EN 13445-3:2009
[=d0 [ (od g F= LY g0 [ i a1 o o TN 3.1.2 of EN 13445-6:2009
PWHT
- 11011 01T L0 T o T ORI 7.15 of EN 13445-8:2009
— diSSIMIIAr JOINS, TEITILIC. ...ceii ittt e e e e e e e e naeeeas 10.6 of EN 13445-4:2009
— mechanical properties after 10.5 of EN 13445-4:2009
el 14111 0[0 1o TR, 10.3 of EN 13445-4:2009

10.4 of EN 13445-4:2009
Table 10.1-1 of EN 13445-4:2009

— procedures
— requirements for steel grades
see also heat treatment

Rt (1[0 | o PRSP Table 4-1 of EN 13445-3:2009
— MECNANICAL ....cvveiieee e Table 5-2 of EN 13445-1:2009, Table 3.2-2 of EN 13445-2:2009
—space and timMe .......cueveiiiieiiiee e Table 5-1 of EN 13445-1:2009, Table 3.2-1 of EN 13445-2:2009

Quick opening and closing devices C.5.7 of EN 13445-5:2009

Rectangular pressure vessels

e 0 L=] 113 TP PRSP 15.7 of EN 13445-3:2009

el (=11 0] (0 (oT=To P PP PP PP UPPTUT N 15.6 of EN 13445-3:2009

e 141 =111 (o] (oL =To P PRSPPI 15.5 of EN 13445-3:2009
Reference thickness

0 L1 (ST = (o1 (0 (OO PPTPPR Table B.4-1 of EN 13445-2:2009

8 (=111 01 1o o PSR 3.1.6 of EN 13445-2:2009
Reinforced opening, definition .......... ..o 9.2.5 of EN 13445-3:2009
Reinforcement

e (11181110 o IR TRt 9.2.4 of EN 13445-3:2009

S (L= | PO PP PO PP PP PP OPPPPTRRRN 9.4.1 of EN 13445-3:2009

Rl L1« TP 21 of EN 13445-3:2009
Reinforcing and equalizing rings, definition ... e 14.2.5 of EN 13445-3:2009
Reinforcing plate, definition .............ooi i e 9.2.6 of EN 13445-3:2009
Reinforcing ring, definitioN ..........ooiiiiiiiiiie e 9.2.7 of EN 13445-3:2009
Relief groove

B (11181110 o I TN 10.2.3 of EN 13445-3:2009

— flat ends with, welded to cylinder, calculation ... 10.4.5 of EN 13445-3:2009
Repair

8 (11811 1o o O ERT 3.7 of EN 13445-5:2009

— surface defects in parent MEtal...........oo i 11.1 of EN 13445-4:2009

1 (1 [0 B0 (=] {1 £ 11.2 of EN 13445-4:2009

L1 (0 I 0 T o 1T ox 1 o] o PP PP SPPPPPUPPTN 6.5.3 of EN 13445-5:2009
Required thickness, defiNItiON.............uiiiii e e e e e e e e eeeeeas 3.11 of EN 13445-1:2009

33



BS EN 13445-1:2009
EN 13445-1:2009 (E)
Issue 1 (2009-07)

Rescue holes, see access openings

Responsible authority, definition ... 3.1 of EN 13445-7:2002
Reverse flange
— AEFINIHION . ... e 11.2.5 of EN 13445-3:2009

— full face, calculation....................... 11.9 of EN 13445-3:2009
— narrow face, calculation 11.8 of EN 13445-3:2009
Ring supports

— NOMZONTAL VESSEN ... nnanannnnrees 16.9 of EN 13445-3:2009

—VEITICAI VESSEL .. e 16.13 of EN 13445-3:2009
Saddles

— baSIS fOr deSIGN TUIES ... ... e e e Annex L of EN 13445-3:2009

— for horizontal VESSEIS, TESIGN ... ...eeiiiiiee et e et e e e e 16.8 of EN 13445-3:2009
Safety factor

—definition.........ccoeeeeei 8.2.7 of EN 13445-3:2009

— determining, external pressure 8.4.4 of EN 13445-3:2009

— spheroidal graphite cast iron, external PreSSUre..........ccccviiuiieiieeeieiiiiiee e e 5.2.2.5 of EN 13445-6:2009
Secondary Stress, AefiNitiON .........ociiiiiiii e e e C.2.4 of EN 13445-3:2009
Serial production

ke L1 AT 1UTo] o PO OO PP TP P PP 3.8 of EN 13445-5:2009

— inspection and testing Annex A of EN 13445-5:2009

il L0 117= LT L TSP OPP PP A.2 of EN 13445-5:2009

— MOAE! TIMITALIONS ..ottt e et b e e et e e e nbae e e aneeens A.3 of EN 13445-5:2009
Set-in NOZZIE, AEfINILION ......eiiii e 9.2.8 of EN 13445-3:2009
Y=Y a0 ] s W aTo 4 [T (Y il 411 o] o [T 9.2.9 of EN 13445-3:2009
Shell discontinuity

L 511011 o o P PSSR 9.2.11 of EN 13445-3:2009

— OPENING ClOSE 10 .. ee ittt ettt e et e e st e e s e e e st e e e aanbe e e e sanneeeanbeenaes 9.7 of EN 13445-3:2009
LS a1 8o =Y 101 o} o P 3.13 of EN 13445-5:2009
Sightholes

N SMAII VESSEIS ...t sttt et et a e e C.4 of EN 13445-5:2009

see also access openings
Single creep load case

— DB PIrOCEAUIE ....ceeiiiiee ettt et et e et e s e e e s b e e e nnne e e e 19.8.1 of EN 13445-3:2009

e (=111 01T o ISP URPTUPPEPR 19.2 of EN 13445-3:2009
SKIrt, VEIICAI VESSEI ..ottt ettt e et e et e s e e e b s 16.12 of EN 13445-3:2009
Small opening, see opening, small
Spherical shells

— calculation, EXIEINAI PrESSUIE..........uiiiieee e et eee e e ettt e e e e e e et e e e e e s e satb e eeeeeeeansbrereeaeeaann 8.7 of EN 13445-3:2009

— calculation, internal pressure 7.4.3 of EN 13445-3:2009

— local loads on Nozzles.........ccccoeiiiiiiiiiiieenin, 16.4 of EN 13445-3:2009
Spheroidal graphite cast iron, permitted materialS ..o 5.1 of EN 13445-6:2009
S 2=\ o 0] £ PSSR PPUPPPRT 21 of EN 13445-3:2009
£ -1 PP 21 of EN 13445-3:2009
Steels, PhYSICAI PrOPEITIES ....cciiiiiiiiii et e e Annex O of EN 13445-3:2009
Stiffeners

— HrPPING, CAICUIALION ... e e e s s e e e e e s stnaaaeaaaeaas 8.5.3.8 of EN 13445-3:2009

— HPPING, AEINILION L.eiiii e e e e e e e e e e e e e e e st aeraaeenees 8.2.8 of EN 13445-3:2009

— welding to Pressure-retaiNing PArt...........coiiciuiiieeee e e e e e s re e e e e s s sraaeeaaeeeannn 7.8 of EN 13445-4:2009

Stress factor, definition........................ 17.2.13 of EN 13445-3:2009
Stress on the weld throat, defiNItioN ............iiiii i e e e e e eans 18.2.8 of EN 13445-3:2009
Stress range, defiNition ... 17.2.9 and 18.2.9 of EN 13445-3:2009
Stress-concentration-free model, equivalent , definition............ccccveeee i B.2.16 of EN 13445-3:2009
Structural Strain, AeTINITION........ciieei et e e e e e e e e e et e e s st s e saa e e ereaaas B.2.17 of EN 13445-3:2009
SHTUCTUTAL SITESS ..eiiiiiii ettt ettt e et e e sbe e e anee 17.2.11 and 18.2.10 of EN 13445-3:2009
Structure, definition B.2.15 of EN 13445-3:2009
53 (0 o e (=] T a1 [0 o PR G.2.5 and GA.2.5 of EN 13445-3:2009
Studs, requIremMEeNts fOr SLEEI ..........uiiiiii e 4.2.4 of EN 13445-2:2009
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Subcontracting
Sl (01 1 £ I TP PUPP T PPOPPPPNt Annex B of EN 13445-4:2009
— manufacturer S reSPONSIDIlItIES ........coooiiiiiii e Clause 5 of CR 13445-7:2002
— manufacturer S reSPONSIDINITIES .......oicviiiiiie e e e e e e 3.2 of EN 13445-4:2009
— manufacturer s responsibilities, Certification ..........c.cccoccviiiree i 7.1 of EN 13445-5:2009
i) |5 2L PP PP OUPROPPP 7.3 of EN 13445-5:2009
Subsequent condition, definitioN..............ooiiiiiii G.2.9 and GA.2.9 of EN 13445-3:2009
Supports
|17 ¢ 1=Tod 1o ] o O PP PPPPPT PP 6.4.3 of EN 13445-5:2009
— welding to pressure-retaining PArt .........cc.vvveiieiiiiiiiieee e e e e r e e e e e enrareaeas 7.8 of EN 13445-4:2009
Technical delivery conditions
— Clad PrOGUCTS ..ottt e e e e e e e e as 4.3.4 and Annex D of EN 13445-2:2009
e (L1 | PP P PP PPTOPPPPI 4.3 of EN 13445-2:2009
Technical documentation
0111 =] | S PP P PPPPPPPPPPPPPPPPRE 5.2 and 12.1 of EN 13445-5:2009
— OESION FEVIBW ..ottt ettt e e ettt e e e e e e s a kbt et e e e e e e et bt beeeaaeeaannsbeeeaaeeaaaneeaeean 5.3 of EN 13445-5:2009
S (=111 | PRSP PPRROt Clause 5 of EN 13445-5:2009
— FELENTION OF FECONUS ... . ettt e e e e e ettt e e e e e e e e e e e e e e e e e anneaeeeeean 12.3 of EN 13445-5:2009
Technical specification, defiNitioN ...........c..ueiiiii e 3.6 of EN 13445-5:2009
Temperature adjustment term, definition ...............eiiiii e 3.1.2 of EN 13445-2:2009
Temperature factor, definitioN...... ..o e e e e e e eeaees 3.1.6 of EN 13445-6:2009
Test pressure
L (11110 o O PSP R PPPR 3.20 of EN 13445-3:2009
— determining, @lUMINIUM ... ....ooiiiiii e e e e e e e s e e e e e e s e aanrreaeeaeeeennnees 8.6 of EN 13445-8:2009
— determining, spheridal graphic Cast iroN ..o 7.2.2 of EN 13445-6:2009
— determiniNg, SEEEI ... .uuiiiiiie i e e e e e s aeaaeeeaane 10.2.3.3 of EN 13445-5:2009
Test temperature, defiNItiON ...........oooii i et 3.21 of EN 13445-3:2009

Testing factor, definition 3.13 of EN 13445-1:2009, 3.5 of EN 13445-5:2009, 3.1.5 of EN 13445-6:2009

Testing group

—defiNitioN cooceeeeeee 3.9 of EN 13445-1:2009, 3.3 of EN 13445-5:2009
e\ 6.6.1.1 of EN 13445-5:2009
LS 0 (102 11T 01 TP PP SOUUUPPPPTRPIN: Table 6.6.1-1 of EN 13445-5:2009
Theoretical stress concentration factor, definition...........cccooooveviiiiiiiiieeeeeennn. 17.2.14 and18.2.14 of EN 13445-3:2009
Thickness
— (relevant), definition ...........ooiiiiiii e B.2.18 of EN 13445-3:2009
— relation DEIWEEN thiCKNESSES. .......cvviiiiiiiiiiieiiieieeeeeeeeeeeeeeeeeeeesesesereseresssessssssrssrrsrsrssrrrrrraranee 5.2.3 of EN 13445-3:2009
— relation between thicknesses, spheroidal graphite Cast iroN...........ccccoeiviieriiiieiiiee e 3.4 of EN 13445-6:2009

Tolerances, see manufacturing tolerances
Torispherical ends

— calculation, @XIEINAI PrESSUIE .......coii e iiiiiiee ettt e e ettt e e e e e e e aee e e eaaeeaansbeeeeaaeeaaannees 8.8.3 of EN 13445-3:2009
— calculation, INTEMNAI PrESSUIE ........ciii et e e et e e e e e e st eeeeae e e s annnneeaaaeeeaanns 7.5.3 of EN 13445-3:2009
Bk (=111 T 1To] o TSP RUST 7.2.2 of EN 13445-3:2009
— nozzles in knuckle region, calculation, internal PreSSUre ...........cceeeeeiiiiiiieee e 7.7 of EN 13445-3:2009
Total fatigue damage index, definitioN ... 17.2.15 of EN 13445-3:2009
Total Stress/Strain, AefINItION .. .....cocue e e e e e s e s e e e s enaaa s B.2.19 of EN 13445-3:2009
Tube bends, calculation Of dEfOrMALION ..........coiiuee i e eera e e eaa e 9.2.4 of EN 13445-4:2009
Tubes
—weld deSigN rEQUITEMENTS ........uviiiiie et e e e e e e e e e e e e e s e snrbaeaaaeeas Table A-5 of EN 13445-3:2009
see also heat exchangers
Tubesheet
— CAUCUIALION......eeee ettt e e e s et e e e e e e et e e e eeeeas Clause 13 of EN 13445-3:2009
— dESIgN CONSIAEIALIONS ....eiiiiiiiiciiiiee et e e e e e e e e e e s s r e e e e e e s eastbaaeeeeeesaannnees 13.7 of EN 13445-3:2009
— flange extension design, fUll facCe............viiiii i 13.11 of EN 13445-3:2009
— flange extension design, NAIrOW fACE .........coiiiiiiiiiiiiie et 13.10 of EN 13445-3:2009
— maximum permissible COMPIrESSIVE SITESS ......cvvviiiieie ettt 13.9 of EN 13445-3:2009
— special welded tube-tuDEShEEt JOINS .......coiuiiiiiiii e 13.12 of EN 13445-3:2009
— tube-tubesheet junction, maximum permissible SrESS .........covcviiiriiiee i 13.8 of EN 13445-3:2009
—weld design reqUIrEMENTS...........oiiiii i Table A-4 and Table A-5 of EN 13445-3:2009
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USING the STANAAIN ........eeeiiiii e e e e e e e e e e e e e aineeeeean Annex A of EN 13445-1:2009
U-tube tubesheet heat exchanger
—alternative deSIgN TUIES .......coi ittt e e sn e J.6 of EN 13445-3:2009
— AEFINIHION ..ttt 13.2.1 of EN 13445-3:2009
— full face gasket, deSIigN MUIE.............ueii e 13.4.7 of EN 13445-3:2009
— integral or narrow-face gasketed, CONAItIONS..........c.uviiiiie i 13.4.2 of EN 13445-3:2009
— integral or narrow-face gasketed, 10ad CASES...........ocuuviiiiieiiiiiiiiee e 13.4.4.1 of EN 13445-3:2009
— integral or narrow-face gasketed, shell and channel design .........cccccoiiiiiiiiniiiiien, 13.4.6 of EN 13445-3:2009
— integral or narrow-face gasketed, tubesheet design...........ccoocvueiiiiiiiniiiiieeie e 13.4.5 of EN 13445-3:2009
AV Lo (813 g =T o [<] {1 1[0 o T 3.22 of EN 13445-3:2009
Wall thickness factor, definition ..o 3.1.7 of EN 13445-6:2009
Washers, in alternative flange design rules............oooii e G.5.2 and GA.5.2 of EN 13445-3:2009
Weld throat thickness
— AEFINITION . ...t 18.2.11 of EN 13445-3:2009
—fillet Weld, defINItION ......ccoeiiieeee e et e e e e e e e e e e r e as 3.24 of EN 13445-3:2009
Welders and welding operators
e LU= L1 o= U1 (o 1o ) PSR OPPUR 7.4 of EN 13445-4:2009
— Verification Of @QPPIOVAL ........oiiiiiiiiiiii e 6.5.2 of EN 13445-5:2009
Welding consumables
— StOriNg @and NANAING ........ueiiiiie e e e e et e e e e e aeeas 7.5 of EN 13445-4:2009
— technical delivery CONAItIONS............uiiiiiii e 4.3.5 of EN 13445-2:2009
Welding procedure specification, see WPS
Welds
— classification for detailed fatigue assessment ...........cccccvveeeeiiiiiieeennnn. Table 18-4 and Annex P of EN 13445-3:2009
— classification for fatigue asSSESSMENT........cccviiiiiiiiiiie e Table 17-4 of EN 13445-3:2009
L G U110 o D T O PP P PP PP PP TPPPPRRTO 7.7 of EN 13445-4:2009
— INSPECHION Of FEPAIIS ....eeeiiiie ettt e e e 6.5.3 of EN 13445-5:2009
— JOgQIe JOINS, AIUMINMIUM ....eeiiii ettt et e e e e e s et e e e e e e e e nnraeeaaaeeanns 6.6.3 of EN 13445-8:2009
— JOOGIE JOINS, SEEEL...e ittt e e et e e e e e nn e ea s 5.7.4.1 of EN 13445-3:2009
— joint preparation, alUmMINIUM ... ... e e e e e et e e e e e e s annreeeeaeeeeannes 7.6 of EN 13445-8:2009
— JOINE PreParation, StEEI........cou et 7.6 of EN 13445-4:2009
— JOINt PrepParation, tESTING ......cuu i e e e e et e e e e e e aanb e e e e aeean 6.4.2 of EN 13445-5:2009
— 1ap JOINES, AIUMINIUM ... e e e e reeeas 6.6.2 of EN 13445-8:2009
= | (011 FS TR 1= = P RUP PP 5.7.4.3 of EN 13445-3:2009
— 1OCALION Of NOZZIES......cuiiiiiieie e e 9.4.8 of EN 13445-3:2009
— not allowed on spheroidal graphite Cast IrON ...........ccvviiiiiiiiiiiie e 5.3.2 of EN 13445-6:2009
— permanent backing Strips, alUmMiNiUm .. ......coiiiiiiiiii e 6.6.4 of EN 13445-8:2009
— permanent backing StripsS, SEEL........vi i 5.7.4.2 of EN 13445-3:2009
— preheating, @lUMINMIUM .......oiii et e e st e e st e e sanreeeanneeens 7.7 of EN 13445-8:2009
— Pren@ALiNG, STEEL.... o it e e e et e e e enaeeas 7.9 of EN 13445-4:2009
— pressure-bearing, deSigN FEQUIrEMENTS. ... ....uiiiii i ea et e e e e et e e e e e e e aebbeeeeaaeesaaneeeeas A of EN 13445-3:2009
— production tests, see production tests
— PWHT, see PWHT
— TEPAIN OF EFECLS ...eeeiiii i et e e e e e s e eber e e e e e 11.2 of EN 13445-4:2009
— typical bellow attachment Welds ... Table 14.4.5-1 of EN 13445-3:2009
YT aTe B o= To S T PSP PRSP PUPPORTRN 16.14.9 of EN 13445-3:2009
WPS
S (=101 € | PP SUSPP 7.2 of EN 13445-4:2009
— QUANTICALION OF .. et et 7.3 of EN 13445-4:2009
— verification Of APPIOVA ..........ccuiiiiiiii e 6.5.2 of EN 13445-5:2009
Yield strength reduction, low temperature StEEIS ...........covciviiiiiieiiiie e Table 4.2-1 of EN 13445-2:2009
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Annex Y
(informative)

Differences between EN 13445:2002 and EN 13445:2009

The 2009 edition of EN 13445 contains the 2002 edition of the standard and all Amendments and corrections
issued in the meantime.

Significant technical changes include:

— Addition of rules covering pressure vessels and parts operating in the creep area. The design rules are
covered in clause 19 of Part 3, but rules have also been added elsewhere in Parts 1-5 of the standard.

— Addition of rules for pressure vessels and parts constructed of aluminium and its alloys. This amendment is
embodied in Part 8.

— Addition of rules for experimental design. These rules are contained in Annex T of Part 3.

NOTE When these rules were introduced in Amendments of EN 13445-3:2002, they were located in clause 20.

— Addition of rules for flat walls. These rules are included in clauses 20 and 21 of Part 3.

NOTE When these rules were introduced in Amendments of EN 13445-3:2002, they were located in clause 21 and 22.

— Addition of rules for increased design stresses for certain austenitic steels under certain conditions (the
Alternative Route). These rules are included in subclause 6.3 of Part 3.

— Enlargement of Parts 2, 4 and 5 to accommodate pressure vessels and parts designed according to Annex B
of Part 3 (DBA-Direct Route).

— Addition of two annexes of Part 1 (Using the standard and Index).

— Addition of a third set of flange design rules allowing consideration of leak rates. These rules are contained in
Annex GA of Part 3.

— Addition of fatigue rules enlarging scope and materials for pressure vessels and parts made from spheroidal
graphite cast iron. These rules are contained in Annex D of Part 6.
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Annex ZA
(informative)

Relationship between this European Standard and the Essential Requirements of the EU
Pressure Equipment Directive 97/23/EC

This European Standard has been prepared under a mandate given to CEN by the European Commission and the
European Free Trade Association to provide a means of conforming to Essential Requirements of the New
Approach Pressure Equipment Directive 97/23/EC.

Once this standard is cited in the Official Journal of the European Union under that Directive and has been
implemented as a national standard in at least one Member State, compliance with the clauses of this standard
given in Table ZA.1 confers, within the limits of the scope of this standard, a presumption of conformity with the
corresponding Essential Requirements of that Directive and associated EFTA regulations.

Table ZA.1 — Correspondence between this European Standard and Pressure Equipment Directive
97/23/EC

Clause(s)/subclause(s) of this|Essential Requirements (ERs) | Qualifying remarks/Notes
EN of Pressure Equipment
Directive 97/23/EC

4 1.1 General

WARNING — Other requirements and other EU Directives may be applicable to the product(s) falling within the
scope of this standard.
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