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How to use 

This document gives an overview about the structure and the contents of the Pressure Equipment Directive. The full text including Annexes is presented in the next sub-sections of the site. References and links are given for easier usability. It should be noted that the Pressure Equipment Directive has been published in the Official Journal of the European Communities and can be ordered from the Office for the official publications of the European Communities via the EUR-LEX site.

Introduction 

The Pressure Equipment Directive (97/23/EC) was adopted by the European Parliament and the European Council in May 1997. It has initially come into force on 29 November 1999. From that date until 28 May 2002 manufacturers have a choice between applying the pressure equipment directive or continuing with the application of the existing national legislation. From 29 May 2002 the pressure equipment directive will be obligatory throughout the European Union. 
The directive provides, together with the directives related to simple pressure vessels (87/404/EC), transportable pressure equipment (99/36/EC) and Aerosol Dispensers (75/324/EEC), for an adequate legislative framework on European level for equipment subject to a pressure hazard.
The Directive arises from the European Community's Programme for the elimination of technical barriers to trade and is formulated under the "New Approach to Technical Harmonisation and Standards". Its purpose is to harmonise national laws of Member States regarding the design, manufacture, testing and conformity assessment of pressure equipment and assemblies of pressure equipment. It therefore aims to ensure the free placing on the market and putting into service of the equipment concerned within the European Union and the European Economic Area. Formulated under the New Approach the directive provides for a flexible regulatory environment that does not impose any detailed technical solution. This approach allows European industry to develop new techniques thereby increasing international competitiveness. The pressure equipment directive is one of a series of technical harmonisation directives for machinery, electrical equipment, medical devices, simple pressure vessels, gas appliances etc.
The Directive concerns manufacturers of items such as vessels pressurised storage containers, heat exchangers, steam generators, boilers, industrial piping, safety devices and pressure accessories. Such pressure equipment is widely used in the process industries (oil & gas, chemical, pharmaceutical, plastics and rubber and the food and beverage industry), high temperature process industry (glass, paper and board), energy production and in the supply of utilities, heating, air conditioning and gas storage and transportation. 

Under the Community regime of the Directive, pressure equipment and assemblies above specified pressure and/or volume thresholds must: 

· be safe; 

· meet essential safety requirements covering design, manufacture and testing; 

· satisfy appropriate conformity assessment procedures; and 

· carry the CE marking and other information. 

Pressure equipment and assemblies below the specified pressure / volume thresholds must:

· be safe; 

· be designed and manufactured according to sound engineering practice; and 

· bear specified markings (but not the CE marking). 

The introduction of the new legislation related to pressure equipment concerns a large number of industries ranging from small and middle-sized manufacturers to the big chemical industries. Their total European market is estimated at more than 65 billions EURO per year. Both, manufacturers and users will benefit from the new regulatory environment as it will open up markets and, at the same time, facilitate the application of new technologies.

The adaptation to the new directive will however necessitate considerable efforts by the manufacturers concerned. To ensure that the directive is understood and applied in a coherent manner the results of important work carried out on a European level need to be made available to economic operators and in particular to manufacturers. 

Terms used

Essential safety requirements (ESRs) (Annex I) lay down the necessary safety elements for protecting public interest. Essential safety requirements for design, manufacture, testing, marking, labelling, instructions and materials, usually written in general terms, are mandatory and must be met before products may be placed on the market in the European Community.
Conformity Assessment (Article 10) must be undertaken by the manufacturer or notified body, depending on the category of the equipment, in order to demonstrate that the essential safety requirements are met.
Conformity Assessment Modules )(Annex III) The New Approach has introduced a modular approach to conformity assessment, thereby subdividing it into a number of independent activities. Modules differ according to the type of assessment (e.g. documentary checks, type approval, design approval, quality assurance) and the organisation carrying out the assessment (i.e. the manufacturer or a third party).
Sound Engineering Practice (Article 3.3) applies to equipment that is not subject to conformity assessment but must be designed and manufactured in accordance with the sound engineering practice of a Member State in order to ensure safe use. That equipment must ensure that design and manufacture takes into account all relevant factors influencing safety during the intended lifetime. The equipment must be accompanied with adequate instructions for use and must bear the identification of the manufacturer. The responsibility for compliance with the PED lies solely with the manufacturer.
Notified Body (Article 12) is a semi-official or private technical orgnisation appointed by Member States, either for approval and monitoring of the manufacturers' quality assurance system or for direct product inspection. A Notified Body may be specialised for certain products/product categories or for certain modules.
Recognised Third Party Organisations (Article 13) are appointed by Member States to carry out the approval of welding procedures and personnel and non-destructive testing personnel 
User Inspectorates (Article 14) are appointed by Member States to carry out the tasks of notified bodies within their own companies under Modules A1, C1, F and G only. (The CE marking should not be affixed to pressure equipment and assemblies assessed by user inspectorates).
CE Marking (Article 15 ) declares the completion of conformity assessment and that the equipment or assembly complies with the provisions of the Directive and meets the essential safety requirements.
Published Harmonised (European) Standards (Article 5.2), list are a specific subset of European Standards (EN, produced by CEN and available from the national Standards Institutes) with particular consideration of the Essential Safety Requirements the reference number of which is published in the Official Journal of the European Commission. The use of a Published Harmonised Standard in the design and manufacture of a product will give the presumption of conformity (Article 5.1) to those ESRs listed in Annex ZA of the particular Harmonized Standard. 

THE DIRECTIVE 

Scope (Article 1)
The Directive applies to the design, manufacture and conformity assessment of pressure equipment and assemblies of pressure equipment with maximum allowable pressure greater than 0.5 bar above atmospheric pressure (i.e. 1,5 bar of absolute pressure)

Definitions (Article 1)
The term pressure equipment includes vessels, piping, safety accessories and pressure accessories. Where applicable, pressure equipment includes elements attached to pressurised parts, such as flanges, nozzles, couplings, supports, lifting lugs etc.
Vessels are defined as a housing designed and built to contain fluids under pressure.
Piping means piping components intended for the transport of fluids, when connected together for integration into a pressure system.
Safety accessories means devices designed to protect pressure equipment against the allowable limits being exceeded.
Pressure accessories means devices with an operational function and having pressure bearing housings.
Assemblies mean several pieces of pressure equipment assembled by a manufacturer to constitute an integrated and functional whole.

Exclusions(Article 1.3)
In a number of cases pressure equipment - although designed for a maximum allowable pressure above the limit - is excluded, for example: 

· equipment which is already regulated at EU level; 

· equipment presenting a minor pressure hazard (category I of the PED) and which is covered by directives on machinery, lifts, low voltage, medical devices, gas appliances and on explosive atmospheres; 

· equipment which does not present any significant pressure hazard, such as for distribution of water, radiators and piping for hot water heating systems, carbonated drink containers; 

· equipment which presents a significant pressure hazard but for which neither the free circulation aspect nor the safety aspect necessitated its inclusion, e.g. high voltage switch gear 

Equipment prototypes to be shown at trade fairs does not have to conform with the requirements of the Directive as long as appropriate safety measures are taken.

Free Movement (Article 4)
Member States of the EU may not, on the grounds of hazards due to pressure, prohibit, restrict or impede the placing on the market and putting into service of pressure equipment and assemblies which comply with the provisions of the PED. Member States are to presume that pressure equipment and assemblies bearing the CE marking and accompanied by the EC declaration of conformity satisfy the provisions of the PED. 

Safeguard Procedure

Member States are, however, to perform market surveillance to take all appropriate measures to withdraw from the market pressure equipment or assemblies bearing the CE marking which is liable to endanger the safety of people and, where appropriate, domestic animals or property. 

Product Classification (Article 3)
In order to determine how the Directive will apply to specific items of pressure equipment a manufacturer needs to classify the equipment into one of four conformity assessment categories: or Categories I to IV. I relates to the lowest, category IV to the highest, hazard category. 

Equipment below Category I comes under "Sound Engineering Practice" (SEP) and is not subject to conformity asessment.

In order to determine which category an item of equipment falls into the manufacturer needs to identify:

· the type of equipment - vessel / steam generators / piping 

· the state of the intended fluid contents - gaseous or liquid 

· the fluid group of the intended contents - Group 1 or Group 2 

Group 1 comprises those fluids classified according to the EC Directive on the classification of dangerous substances as:

· explosive 

· extremely flammable 

· highly flammable 

· flammable (where the maximum allowable temperature is above flashpoint) 

· very toxic 

· toxic 

· oxidising 

Group 2 comprises all other fluids including water/steam.
Depending in the above one of the nine tables in Annex II of the Directive (Table 1) determine the aplicable conformity assessment category (SEP, I, II, III or IV).

Table 1. Product Classifications and relevant tables

	  
	VESSELS 
	STEAM
GENERATORS 
	PIPING 

	State of
Contents 
	Gas 
	Liquid 
	 
	Gas 
	Liquid 

	Fluid
Group 
	Dang. 
	Oth. 
	Dang. 
	Oth. 
	 
	Dang. 
	Oth. 
	Dang. 
	Oth. 

	Refer to Table/Graph
(Annex II of PED) 
	1 
	2 
	3 
	4 
	5 
	6 
	7 
	8 
	9 


On each of these graphs (1-9) maximum allowable pressure (PS) (bar) is plotted against, for vessels, the volume in litres, V(L), and for piping, the nominal size (DN). These tables have up to five bands relating to the different categories (SEP, I, II, III or IV). Demarcation lines on each table indicate the upper limit of maximum allowable pressure and volume or nominal size for each category. The manufacturer has to plot the maximum allowable pressure and volume or nominal size for their piece of equipment on the relevant chart to identify which category the item of equipment falls into. In general the lower the pressure and volume the lower the category for the equipment. 

Pressure accessories: Tables 1 to 4 for vessels or tables 6 to 9 for piping in Annex II are applicable depending on whether the volume V or the nominal size DN is considered appropriate for classification of the pressure accessory. Where both the volume and the nominal size are considered appropriate, the pressure accessory must be classified in the highest category.
Safety accessories: These are generally classified under category IV. Safety accessories manufactured for specific equipment may be classified in the same category as the equipment they protect.
Assemblies: Specific provisions (article 10.2) are applicable which are based on the classification of the individual parts of pressure equipment of which the assembly is composed. 

Technical Requirements (Article 3)
The Directive requires that all pressure equipment and assemblies within its scope must be safe when placed on the market and put into service. For equipment falling under ‘sound engineering practice’ (SEP) the essential requirements and the certification procedures are not applicable. 
Pressure Equipment under categories I, II, III and IV must meet the essential requirements given in Annex I of the Directive. Assemblies which include at least one item of pressure equipment classified in Categories I to IV will also be required to meet the essential safety requirements. These include extensive requirements for design, manufacturing, testing, marking and labelling and materials.
The manufacturer is obliged to analyse the hazards in order to identify those that apply to his equipment. He must design, manufacture and check his equipment to ensure its safety with respect to their use under reasonably foreseeable conditions. In addition, the manufacturer must interpret and apply the essential requirements in such a way as to take account of the state-of-the-art at the time of design. That latter requirement highlights the evolutive character of the essential requirements that is inherent in the new approach.

With respect to materials the manufacturer of pressure equipment must adhere to the essential safety requirements by using appropriate materials:

· which comply with harmonised standards 

· covered by European Approval of Materials in accordance with (Article 11) 

· evaluated by a particular material appraisal 

European Approval of Materials (Article 11) is a technical document defining the characteristics of materials intended for repeated use in the manufacture of pressure equipment the type of which is NOT already covered by a harmonised standard. Notified bodies issue these documents. The notified body shall determine and perform the appropriate inspections and tests to certify the conformity of the types of material with the corresponding requirements of the PED.
Special Requirements are given in addition to the applicable requirements of Sections 1 to 4 (General, Design, Manufacturing and Materials) of Annex I for 'Fired or otherwise heated pressure with a risk of overheating in Section 5 and Section 6. 
Specific quantitative requirements for certain pressure equipment materials are given as general rules in Section 7 of Annex I. The provisions laid down in this section supplement the essential requirements of Sections 1 to 6 for the pressure equipment to which they apply. These give allowable stresses, joint coefficients, hydrostatic test pressures and material characteristics. Values not to be exceeded for the permissible general membrane stress for predominantly static loads and for temperatures outside the range in which creep is significant are given for ferritic steel, austenitic steel, non alloy or low alloy cast steel, aluminium and aluminium alloys. Coefficients are given for welded joints.
Equipment manufactured to Harmonised European Standards is presumed to comply with the Essential Safety Requirements. The European Committee for Standardisation (CEN) is producing a series of Harmonised European Standards in support of the PED. The work programme includes product and supporting standards. Product standards include unfired pressure vessels, shell and water tube boilers, piping and safety valves. Supporting standards include welding, non-destructive testing and materials.
Permanent joining of components which contribute to the pressure resistance of the equipment and components which are directly attached to them must be carried out by suitably qualified personnel according to suitable operating procedures. For pressure equipment in categories II, II and IV operating procedures and personnel must be approved by a competent third party which at the manufacturers discretion, may be a notified body or a third party organisation recognised by a Member State. To carry out these approvals the third party must perform examinations and tests as set out in the appropriate harmonised standards or equivalent examinations or tests.

Conformity Assessment (Article 10):

Before putting pressure equipment related to categories I to IV on the market, the equipment has to be subject to the appropriate conformity assessment procedures (modules). According to the category of the equipment, manufacturers will be given a choice of the ‘modules’ shown in Tables 2 and 3. Manufacturers may chose either a procedure based on product control or a procedure based on quality systems. Furthermore the modules attributed to a higher hazard category may be used in lower categories.
For conformity assessment of assemblies the provisions of article 10.2 apply. This requires, that an item of pressure equipment, which is part of an assembly, is assessed according to the tables in annex II and an assessment is carried out on the integration of each item.
The modules for products in Categories II, III and IV require the involvement of ‘notified bodies’ (Article 12), appointed by Member States, either in the approval and monitoring of the manufacturers’ quality system or in direct product inspection. ‘Recognised third-party organisations’ (Article 13) may also be appointed by Member States to carry out the approval of welding procedures and personnel and non-destructive testing personnel as required for pressure equipment assemblies in Categories II, II and IV. ‘User inspectorates’ (Article 14) may also be appointed by Member States to carry out the tasks of notified bodies within their own organisations under Modules A1, C1, F and G only (the CE marking should not be affixed to pressure equipment and assemblies assessed by user inspectorates).

Table 2. Modules for each category

	Safety Hazard Category 
	Conformity Assesment Modules 

	I 
	A 

	II 
	A1
D1
E1 

	III 
	B1 + D
B1 + F
B + E
B +C1
H 

	IV 
	B + D
B + F
G
H1 


Table 3. Conformity Assessment Procedure for each module

	Module 
	Conformity 
Assessment Procedure 
	Description 

	A 
	Internal production control. 
	This module describes the procedure by which manufacturer ensures and declares that pressure equipment satisfies the requirements of the Directive which apply to it. 

	A1 
	Internal production control with monitoring of final assessment. 
	As above but in addition includes monitoring of final assessment by notified body. 

	B 
	EC type – examination.
	Describes the part of the procedure where a notified body ascertains and attests that a representative example of the production meets the provisions of the Directive which apply to it.

	B1 
	EC design – examination. 
	Describes the part of the procedure where a notified body ascertains and attests that the design of an item meets the provisions of the Directive which apply to it 

	C1 
	Monitoring of final assessment. 
	Describes procedures where the manufacturer, or authorised representative ensures and declares that the

pressure equipment is in conformity with the type as described in the EC type examination certificate and satisfies the requirements of the Directive which apply

to it. 

	D 
	Quality assurance for production, final inspection and testing. 
	Describes procedures where the manufacturer ensures and declares that the pressure equipment conforms with the type described in the EC type examination certificate or the EC design certificate and satisfies the requirements of the Directive which apply to it.

	D1 
	Quality assurance for production, final inspection and testing. 
	This module describes the procedure by which manufacturer ensures and declares that pressure equipment satisfies the requirements of the Directive which apply to it. 

	E 
	Quality assurance for final inspection and testing. 
	Describes procedures where the manufacturer ensures and declares that the equipment is in conformity with the type described in the EC type examination certificate and satisfies the requirements of the Directive which apply to it. 

	E1 
	Quality assurance for final inspection and testing. 
	Describes the procedure where the manufacturer ensures and declares that the equipment satisfies the requirements of the Directive that apply to it. 

	F 
	Product verification. 
	Describes the procedure where the manufacturer or authorised representative ensures and declares the pressure equipment is in conformity with the type as described in the EC type examination certificate or the EC design certificate and satisfies the requirements of the Directive. 

	G 
	Unit verification. 
	Describes the procedure where the manufacture ensures and declares the pressure equipment which has been issued with a certificate of conformity for tests carried out satisfies the requirements of the Directive. 

	H 
	Full quality assurance 
	Describes the procedure where the manufacture ensures and declares the pressure equipment satisfies the requirements of the Directive. 

	H1 
	Full quality assurance with design examination and monitoring of final assessment. 
	As above. 


Declaration of conformity Annex VII and CE-marking Annex VI
Once conformity assessment has been completed, and if the equipment or assembly complies with the provision of the Directive, the manufacturer will be required to affix the CE-marking to each item of pressure equipment or assembly and draw up a declaration of conformity.
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Annex I

ESSENTIAL SAFETY REQUIREMENTS PRELIMINARY OBSERVATIONS (See Guidelines: 8/4, 7/11, 3/12, 8/11, 4/9, 4/10)

1. The obligations arising from the essential requirements listed in this Annex for pressure equipment also apply to assemblies where the corresponding hazard exists.

2. The essential requirements laid down in the Directive are compulsory. The obligations laid down in these essential requirements apply only if the corresponding hazard exists for the pressure equipment in question when it is used under conditions which are reasonably foreseeable by the manufacturer.

3. The manufacturer is under an obligation to analyse the hazards in order to identify those which apply to his equipment on account of pressure; he must then design and construct it taking account of his analysis.

4. The essential requirements are to be interpreted and applied in such a way as to take account of the state of the art and current practice at the time of design and manufacture as well as of technical and economic considerations which are consistent with a high degree of health and safety protection.

1. GENERAL

1.1 Pressure equipment must be designed, manufactured and checked, and if applicable equipped and installed, in such a way as to ensure its safety when put into service in accordance with the manufacturer's instructions, or in reasonably foreseeable conditions. (See Guidelines: 8/7, 8/15)

1.2 In choosing the most appropriate solutions, the manufacturer must apply the principles set out below in the following order: (See Guidelines: 4/7, 8/15)

- eliminate or reduce hazards as far as is reasonably practicable, 

- apply appropriate protection measures against hazards which cannot be eliminated, 

- where appropriate, inform users of residual hazards and indicate whether it is necessary to take appropriate special measures to reduce the risks at the time of installation and/or use. 

1.3. Where the potential for misuse is known or can be clearly foreseen, the pressure equipment must be designed to prevent danger from such misuse or, if that is not possible, adequate warning given that the pressure equipment must not be used in that way. (See Guidelines: 8/7, 8/15)

2. DESIGN

2.1. General

The pressure equipment must be properly designed taking all relevant factors into account in order to ensure that the equipment will be safe throughout its intended life. 
The design must incorporate appropriate safety coefficients using comprehensive methods which are known to incorporate adequate safety margins against all relevant failure modes in a consistent manner. (See Guidelines: 5/5) 

2.2. Design for adequate strength

2.2.1 The pressure equipment must be designed for loadings appropriate to its intended use and other reasonably foreseeable operating conditions. In particular, the following factors must be taken into account: (See Guidelines: 8/7, 1/42, 1/48)

- internal/external pressure, 

- ambient and operational temperatures,

- static pressure and mass of contents in operating and test conditions, 

- traffic, wind, earthquake loading,

- reaction forces and moments which result from the supports, attachments, piping, etc., 

- corrosion and erosion, fatigue, etc., 

- decomposition of unstable fluids. 

Various loadings which can occur at the same time must be considered, taking into account the probability of their simultaneous occurrence.

2.2.2 Design for adequate strength must be based on:

- as a general rule, a calculation method, as described in 2.2.3, and supplemented if necessary by an experimental design method as described in 2.2.4, or 

- an experimental design method without calculation, as described in 2.2.4, when the product of the maximum allowable pressure PS and the volume V is less than 6 000 bar 7L or the product PS 7DN less than 3 000 bar. (See Guidelines: 5/1)

2.2.3 Calculation method (See Guidelines: 2/19, 7/24)

(a) Pressure containment and other loading aspects

The allowable stresses for pressure equipment must be limited having regard to reasonably foreseeable failure modes under operating conditions. To this end, safety factors must be applied to eliminate fully any uncertainty arising out of manufacture, actual operational conditions, stresses, calculation models and the properties and behaviour of the material.
These calculation methods must provide sufficient safety margins consistent, where applicable, with the requirements of section 7. 

The requirements set out above may be met by applying one of the following methods, as appropriate, if necessary as a supplement to or in combination with another method: 

- design by formula, 

- design by analysis, 

- design by fracture mechanics; 

(b) Resistance 

Appropriate design calculations must be used to establish the resistance of the pressure equipment concerned.
In particular:

- the calculation pressures must not be less than the maximum allowable pressures and take into account static head and dynamic fluid pressures and the decomposition of unstable fluids. Where a vessel is separated into individual pressure-containing chambers, the partition wall must be designed on the basis of the highest possible chamber pressure relative to the lowest pressure possible in the adjoining chamber,

- the calculation temperatures must allow for appropriate safety margins,

- the design must take appropriate account of all possible combinations of temperature and pressure which might arise under reasonably foreseeable operating conditions for the equipment,

- the maximum stresses and peak stress concentrations must be kept within safe limits, 

- the calculation for pressure containment must utilize the values appropriate to the properties of the material, based on documented data, having regard to the provisions set out in section 4 together with appropriate safety factors. Material characteristics to be considered, where applicable, include: 

- yield strength, 0,2 % or 1,0 % proof strength as appropriate at calculation temperature, 

- tensile strength, 

- time-dependent strength, i.e. creep strength, 

- fatigue data, 

- Young's modulus (modulus of elasticity), 

- appropriate amount of plastic strain, 

- impact strength, 

- fracture toughness, 

- appropriate joint factors must be applied to the material properties depending, for example, on the type of non-destructive testing, the materials joined and the operating conditions envisaged, 

- the design must take appropriate account of all reasonably foreseeable degradation mechanisms (e.g. corrosion, creep, fatigue) commensurate with the intended use of the equipment. Attention must be drawn, in the instructions referred to in section 3.4, to particular features of the design which are relevant to the life of the equipment, for example: 

- for creep: design hours of operation at specified temperatures, 

- for fatigue: design number of cycles at specified stress levels, 

- for corrosion: design corrosion allowance; 

(c) Stability aspects

Where the calculated thickness does not allow for adequate structural stability, the necessary measures must be taken to remedy the
situation taking into account the risks from transport and handling

2.2.4 Experimental design method 

The design of the equipment may be validated, in all or in part, by an appropriate test programme carried out on a sample representative
of the equipment or the category of equipment. 
The test programme must be clearly defined prior to testing and accepted by the notified body responsible for the design conformity assessment module, where it exists. 
This programme must define test conditions and criteria for acceptance or refusal. The actual values of the essential dimensions and characteristics of the materials which constitute the equipment tested shall be measured before the test. 
Where appropriate, during tests, it must be possible to observe the critical zones of the pressure equipment with adequate instrumentation capable of registering strains and stresses with sufficient precision. 

The test programme must include: (See Guidelines: 5/1, 5/5)

(a) A pressure strength test, the purpose of which is to check that, at a pressure with a defined safety margin in relation to the maximum allowable pressure, the equipment does not exhibit significant leaks or deformation exceeding a determined threshold.
The test pressure must be determined on the basis of the differences between the values of the geometrical and material characteristics measures under test conditions and the values used for design purposes; it must take into account the differences between the test and design temperatures; 

(b) where the risk of creep or fatigue exists, appropriate tests determined on the basis of the service conditions laid down for the equipment, for instance hold time at specified temperatures, number of cycles at specified stress-levels, etc.; 

(c) where necessary, additional tests concerning other factors referred to in 2.2.1 such as corrosion, external damage, etc. 

2.3 Provisions to ensure safe handling and operation

The method of operation specified for pressure equipment must be such as to preclude any reasonably foreseeable risk in operation of the equipment. Particular attention must be paid, where appropriate, to:

- closures and openings,

- dangerous discharge of pressure relief blow-off,

- devices to prevent physical access whilst pressure or a vacuum exists,

- surface temperature taking into consideration the intended use,

- decomposition of unstable fluids.

In particular, pressure equipment fitted with an access door must be equipped with an automatic or manual device enabling the user easily to ascertain that the opening will not present any hazard. Furthermore, where the opening can be operated quickly, the pressure equipment must be fitted with a device to prevent it being opened whenever the pressure or temperature of the fluid presents a hazard. (See Guidelines: 2/21, 9/20, 2/32)

2.4. Means of examination

(a) Pressure equipment must be designed and constructed so that all necessary examinations to ensure safety can be carried out;

(b) Means of determining the internal condition of the equipment must be available, where it is necessary to ensure the continued safety of the equipment, such as access openings allowing physical access to the inside of the pressure equipment so that appropriate examinations can be carried out safely and ergonomically;

(c) Other means of ensuring the safe condition of the pressure equipment may be applied: 

- where it is too small for physical internal access, or

- where opening the pressure equipment would adversely affect the inside, or

- where the substance contained has been shown not to be harmful to the material from which the pressure equipment is made and no other internal degradation mechanisms are reasonably foreseeable. 

2.5. Means of draining and venting

Adequate means must be provided for the draining and venting of pressure equipment where necessary:

- to avoid harmful effects such as water hammer, vacuum collapse, corrosion and uncontrolled chemical reactions. All stages of operation and testing, particularly pressure testing, must be considered,

- to permit cleaning, inspection and maintenance in a safe manner. 

2.6. Corrosion or other chemical attack

Where necessary, adequate allowance or protection against corrosion or other chemical attack must be provided, taking due account of the intended and reasonably foreseeable use. 

2.7. Wear

Where severe conditions of erosion or abrasion may arise, adequate measures must be taken to:

- minimize that effect by appropriate design, e.g. additional material thickness, or by the use of liners or cladding materials,

- permit replacement of parts which are most affected,

- draw attention, in the instructions referred to in 3.4, to measures necessary for continued safe use. 

2.8. Assemblies

Assemblies must be so designed that:

- the components to be assembled together are suitable and reliable for their duty,

- all the components are properly integrated and assembled in an appropriate manner. 

2.9. Provisions for filling and discharge

Where appropriate, the pressure equipment must be so designed and provided with accessories, or provision made for their fitting, as to ensure safe filling and discharge in particular with respect to hazards such as:

(a) on filling:

- overfilling or overpressurization having regard in particular to the filling ratio and to vapour pressure at the reference temperature,

- instability of the pressure equipment;

(b) on discharge: the uncontrolled release of the pressurized fluid;

(c) on filling or discharge: unsafe connection and disconnection. (See Guidelines: 8/15)

2.10. Protection against exceeding the allowable limits of pressure equipment

Where, under reasonably foreseeable conditions, the allowable limits could be exceeded, the pressure equipment must be fitted with, or provision made for the fitting of, suitable protective devices, unless the equipment is intended to be protected by other protective devices within an assembly. 
The suitable device or combination of such devices must be determined on the basis of the particular characteristics of the equipment or assembly. 
Suitable protective devices and combinations thereof comprise:

(a) safety accessories as defined in Article 1,section 2.1.3,

(b) where appropriate, adequate monitoring devices such as indicators and/or alarms which enable adequate action to be taken either automatically or manually to keep the pressure equipment within the allowable limits. (See Guidelines: 1/6, 1/20, 1/43, 9/20, 3/17, 5/6, 8/15)

2.11. Safety accessories

2.11.1. Safety accessories must:

- be so designed and constructed as to be reliable and suitable for their intended duty and take into account the maintenance and testing requirements of the devices, where applicable,

- be independent of other functions, unless their safety function cannot be affected by such other functions,

- comply with appropriate design principles in order to obtain suitable and reliable protection. These principles include, in particular, fail-safe modes, redundancy, diversity and self-diagnosis. 

2.11.2. Pressure limiting devices

These devices must be so designed that the pressure will not permanently exceed the maximum allowable pressure PS; however a short duration pressure surge in keeping with the specifications laid down in 7.3 is allowable, where appropriate. (See Guidelines: 5/2)

2.11.3. Temperature monitoring devices

These devices must have an adequate response time on safety grounds, consistent with the measurement function. 

2.12. External fire

Where necessary, pressure equipment must be so designed and, where appropriate, fitted with suitable accessories, or provision made for their fitting, to meet damage-limitation requirements in the event of external fire, having particular regard to its intended use. (See Guidelines: 5/2)

3. MANUFACTURING 

3.1. Manufacturing procedures

The manufacturer must ensure the competent execution of the provisions set out at the design stage by applying the appropriate techniques and relevant procedures, especially with a view to the aspects set out below.

3.1.1. Preparation of the component parts

Preparation of the component parts (e.g. forming and chamfering) must not give rise to defects or cracks or changes in the mechanical characteristics likely to be detrimental to the safety of the pressure equipment. (See Guidelines: 6/3, 5/3)

3.1.2. Permanent joining

Permanent joints and adjacent zones must be free of any surface or internal defects detrimental to the safety of the equipment.
The properties of permanent joints must meet the minimum properties specified for the materials to be joined unless other relevant property values are specifically taken into account in the design calculations.
For pressure equipment, permanent joining of components which contribute to the pressure resistance of equipment and components which are directly attached to them must be carried out by suitably qualified personnel according to suitable operating procedures.
For pressure equipment in categories II, III and IV, operating procedures and personnel must be approved by a competent third party which, at the manufacturer's discretion, may be:

- a notified body,

- a third-party organization recognized by a Member State as provided for in Article 13.
To carry out these approvals the third party must perform examinations and tests as set out in the appropriate harmonized standards or equivalent examinations and tests or must have them performed. (See Guidelines: 6/1, 6/3, 6/4, 6/5, 7/10, 6/8, 6/10, 6/11, 6/12, 3/15, 7/25)

3.1.3. Non-destructive tests

For pressure equipment, non-destructive tests of permanent joints must be carried out by suitable qualified personnel. For pressure be approved by a third-party organization recognized by a Member State pursuant to Article 13. (See Guidelines: 6/5, 6/7, 6/13, 7/25)

3.1.4. Heat treatment

Where there is a risk that the manufacturing process will change the material properties to an extent which would impair the safety of the pressure equipment, suitable heat treatment must be applied at the appropriate stage of manufacture. 

3.1.5. Traceability

Suitable procedures must be established and maintained for identifying the material making up the components of the equipment which contribute to pressure resistance by suitable means from receipt, through production, up to the final test of the manufactured pressure equipment. (See Guidelines: 7/10)

3.2. Final assessment

Pressure equipment must be subjected to final assessment as described below.

3.2.1. Final inspection

Pressure equipment must undergo a final inspection to assess visually and by examination of the accompanying documents compliance with the requirements of the Directive. Test carried out during manufacture may be taken into account. As far as is necessary on safety grounds, the final inspection must be carried out internally and externally on every part of the equipment, where appropriate in the course of manufacture (e.g. where examination during the final inspection is no longer possible). (See Guidelines: 6/2, 4/7, 5/3)

3.2.2. Proof test

Final assessment of pressure equipment must include a test for the pressure containment aspect, which will normally take the form of a hydrostatic pressure test at a pressure at least equal, where appropriate, to the value laid down in 7.4.
For category I series-produced pressure equipment, this test may be performed on a statistical basis.
Where the hydrostatic pressure test is harmful or impractical, other tests of a recognized value may be carried out. For tests other than the hydrostatic pressure test, additional measures, such as non-destructive tests or other methods of equivalent validity, must be applied before those tests are carried out. (See Guidelines: 3/6, 8/2, 8/14)

3.2.3. Inspection of safety devices

For assemblies, the final assessment must also include a check of the safety devices intended to check full compliance with the requirements referred to in 2.10. (See Guidelines: 5/3)

3.3. Marking and labelling

In addition to the CE marking referred to in Article 15, the following information must be provided

(a) for all pressure equipment: (See Guidelines: 8/3, 8/8, 8/9, 8/10, 8/12, 8/13, 9/21)

- the name and address or other means of identification of the manufacturer and, where appropriate, of his authorized representative established within the Community,

- the year of manufacture,

- identification of the pressure equipment according to its nature, such as type, series or batch identification and serial number,

- essential maximum/minimum allowable limits;

(b) depending on the type of pressure equipment, further information necessary for safe installation, operation or use and, where applicable, maintenance and periodic inspection such as:

- the volume V of the pressure equipment in L,

- the nominal size for piping DN,

- the test pressure PT applied in bar and date,

- safety device set pressure in bar,

- output of the pressure equipment in kW,

- supply voltage in V (volts),

- intended use,

- filling ratio kg/L,

- maximum filling mass in kg,

- tare mass in kg,

- the product group;

(c) where necessary, warnings fixed to the pressure equipment drawing attention to misuse which experience has shown might occur.
The CE marking and the required information must be given on the pressure equipment or on a dataplate firmly attached to it, with the following exceptions:

- where applicable, appropriate documentation may be used to avoid repetitive marking of individual parts such as piping components, intended for the same assembly. This applies to CE marking and other marking and labelling referred to in this Annex;

- where the pressure equipment is too small, e.g. accessories, the information referred to in (b) may be given on a label attached to that pressure equipment;

- labelling or other adequate means may be used for the mass to be filled and the warnings referred to in (c), provided it remains legible for the appropriate period of time.

3.4. Operating instructions

(a) When pressure equipment is placed on the market, it must be accompanied, as far as relevant, with instructions for the user, containing all the necessary safety information relating to:

- mounting including assembling of different pieces of pressure equipment,

- putting into service,

- use,

- maintenance including checks by the user;

(b) Instructions must cover information affixed to the pressure equipment in accordance with 3.3, with the exception of serial identification, and must be accompanied, where appropriate, by the technical documents, drawings and diagrams necessary for a full understanding of these instructions;

(c) If appropriate, these instructions must also refer to hazards arising from misuse in accordance with 1.3 and particular features of the design in accordance with 2.2.3. (See Guidelines: 1/3, 8/5, 8/3, 4/7, 9/21)

4. MATERIALS

Materials used for the manufacture of pressure equipment must be suitable for such application during the scheduled lifetime unless replacement is foreseen. 
Welding consumables and other joining materials need fulfil only the relevant requirements of 4.1, 4.2 (a) and the first paragraph of 4.3, in an appropriate way, both individually and in a joined structure. (See Guidelines: 7/8, 7/9, 7/12, 9/12, 7/23)

4.1. Materials for pressurized parts must:

(a) have appropriate properties for all operating conditions which are reasonably foreseeable and for all test conditions, and in particular they should be sufficiently ductile and tough. Where appropriate, the characteristics of the materials must comply with the requirements of 7.5. Moreover, due care should be exercised in particular in selecting materials in order to prevent brittle-type fracture where necessary; where for specific reasons brittle material has to be used appropriate measures must be taken;

(b) be sufficiently chemically resistant to the fluid contained in the pressure equipment; the chemical and physical properties necessary for operational safety must not be significantly affected within the scheduled lifetime of the equipment;

(c) not be significantly affected by ageing;

(d) be suitable for the intended processing procedures;

(e) be selected in order to avoid significant undesirable effects when the various materials are put together. (See Guidelines: 7/10, 7/13, 7/17, 7/18, 7/22)

4.2.

(a) The pressure equipment manufacturer must define in an appropriate manner the values necessary for the design calculations referred to in 2.2.3 and the essential characteristics of the materials and their treatment referred to in 4.1;

(b) the manufacturer must provide in his technical documentation elements relating to compliance with the materials specifications of the Directive in one of the following forms:

- by using materials which comply with harmonized standards,

- by using materials covered by a European approval of pressure equipment materials in accordance with Article 11,

- by a particular material appraisal;

(c) for pressure equipment in categories III and IV, particular appraisal as referred to in the third indent of (b) must be performed by the notified body in charge of conformity assessment procedures for the pressure equipment. (See Guidelines: 7/1, 7/15, 9/10, 9/11, 9/13, 9/14, 7/10, 7/21)

4.3.

The equipment manufacturer must take appropriate measures to ensure that the material used conforms with the required specification.
In particular, documentation prepared by the material manufacturer affirming compliance with a specification must be obtained for all materials.
For the main pressure-bearing parts of equipment in categories II, III and IV, this must take the form of a certificate of specific product control.
Where a material manufacturer has an appropriate quality-assurance system, certified by a competent body established within the Community and having undergone a specific assessment for materials, certificates issued by the manufacturer are presumed to certify conformity with the relevant requirements of this section.

SPECIFIC PRESSURE EQUIPMENT REQUIREMENTS

In addition to the applicable requirements of sections 1 to 4, the following requirements apply to the pressure equipment covered by sections 5 and 6. (See Guidelines: 7/7, 7/10, 7/6, 7/16, 7/19, 7/2, 7/5, 7/20, 7/24, 7/25)

5. FIRED OR OTHERWISE HEATED PRESSURE EQUIPMENT WITH A RISK OF OVERHEATING AS REFERRED TO IN ARTICLE 3 (1)

This pressure equipment includes: (See Guidelines: 3/4, 2/22)

- steam and hot-water generators as referred to in Article 3, section 1.2, such as fired steam and hot-water boilers, superheaters and reheaters, waste-heat boilers, waste incineration boilers, electrode or immersion-type electrically heated boilers, pressure cookers, together with their accessories and where applicable their systems for treatment of feedwater and for fuel supply, and

- process-heating equipment for other than steam and hot water generation falling under Article 3, section 1.1, such as heaters for chemical and other similar processes and pressurized food-processing equipment. This pressure equipment must be calculated, designed and constructed so as to avoid to minimize risks of a significant loss of containment from overheating. In particular it must be ensured, where applicable, that: 

(a) appropriate means of protection are provided to restrict operating parameters such as heat input, heat take-off and, where applicable, fluid level so as to avoid any risk of local and general overheating,

(b) sampling points are provided where required to allow evaluation of the properties of the fluid so as to avoid risks related to deposits and/or corrosion,

(c) adequate provisions are made to eliminate risks of damage from deposits,

(d) means of safe removal of residual heat after shutdown are provided,

(e) steps are taken to avoid a dangerous accumulation of ignitable mixtures of combustible substances and air, or flame blowback.

6. PIPING AS REFERRED TO IN ARTICLE 3, SECTION 1.3

Design and construction must ensure: 

(a) that the risk of overstressing from inadmissible free movement or excessive forces being produced, e.g. on flanges, connections, bellows or hoses, is adequately controlled by means such as support, constraint, anchoring, alignment and pre-tension;

(b) that where there is a possibility of condensation occurring inside pipes for gaseous fluids, means are provided for drainage and removal of deposits from low areas to avoid damage from water hammer or corrosion;

(c) that due consideration is given to the potential damage from turbulence and formation of vortices; the relevant parts of 2.7 are applicable;

(d) that due consideration is given to the risk of fatigue due to vibrations in pipes;

(e) that, where fluids of Group 1 are contained in the piping, appropriate means are provided to isolate 'take-off` pipes the size of which represents a significant risk; 

(f) that the risk of inadvertent discharge is minimized; the take-off points must be clearly marked on the permanent side, indicating the fluid contained;

(g) that the position and route of underground piping is at least recorded in the technical documentation to facilitate safe maintenance, inspection or repair.

7. SPECIFIC QUANTITATIVE REQUIREMENTS FOR CERTAIN PRESSURE EQUIPMENT

The following provisions apply as a general rule. However, where they are not applied, including in cases where materials are not specifically referred to and no harmonized standards are applied, the manufacturer must demonstrate that appropriate measures have been taken to achieve an equivalent overall level of safety.
This section is an integral part of Annex I. The provisions laid down in this section supplement the essential requirements of sections 1 to 6 for the pressure equipment to which they apply. (See Guidelines: 8/6)

7.1. Allowable stresses

7.1.1 Symbols

Re/t , yield limit, indicates the value at the calculation temperature of: 

- the upper flow limit for a material presenting upper and lower flow limits,

- the 1,0 % proof strength of austenitic steel and non-alloyed aluminium,

- the 0,2 % proof strength in other cases.

Rm/20 indicates the minimum value of the ultimate strength 20 °C.

Rm/t designates the ultimate strength at the calculation temperature.

7.1.2.

The permissible general membrane stress for predominantly static loads and for temperatures outside the range in which creep is significant must not exceed the smaller of the following values, according to the material used: (See Guidelines: 7/14)

- in the case of ferritic steel including normalized (normalized rolled) steel and excluding fine-grained steel and specially heat-treated steel, 2/3 of Re/t and 5/12 of Rm/20 ;

- in the case of austenitic steel:

- if its elongation after rupture exceeds 30 %, 2/3 of Re/t

- or, alternatively, and if its elongation after rupture exceeds 35 %, 5/6 of Re/t and 1/3 of Rm/t ;

- in the case of non-alloy or low-alloy cast steel, 10/19 of Re/t and 1/3 of Rm/20 ;

- in the case of aluminium, 2/3 of Re/t ;

- in the case of aluminium alloys excluding precipitation hardening alloys 2/3 of Re/t and 5/12 of Rm/20.

7.2. Joint coefficients

For welded joints, the joint coefficient must not exceed the following values:

- for equipment subject to destructive and non-destructive tests which confirm that thewhole series of joints show no significant defects: 1,

- for equipment subject to random non-destructive testing: 0,85,

- for equipment not subject to non-destructive testing other than visual inspection: 0,7.

If necessary, the type of stress and the mechanical and technological properties of the joint must also be taken into account. (See Guidelines: 7/19)

7.3. Pressure limiting devices, particularly for pressure vessels

The momentary pressure surge referred to in 2.11.2 must be kept to 10 % of the maximum allowable pressure. 

7.4. Hydrostatic test pressure

For pressure vessels, the hydrostatic test pressure referred to in 3.2.2 must be no less than: (See Guidelines: 3/6, 8/2)

- that corresponding to the maximum loading to which the pressure equipment may be subject in service taking into account its maximum allowable pressure and its maximum allowable temperature, multiplied by the coefficient 1,25, or

- the maximum allowable pressure multiplied by the coefficient 1,43, whichever is the greater.

7.5. Material characteristics

Unless other values are required in accordance with other criteria that must be taken into account, a steel is considered as sufficiently ductile to satisfy 4.1 (a) if, in a tensile test carried out by a standard procedure, its elongation after rupture is no less than 14 % and its bending rupture energy measured on an ISO V test-piece is no less than 27 J, at a temperature not greater than 20 °C but not higher than the lowest scheduled operating temperature. (See Guidelines: 7/13, 7/17, 7/18, 7/22)

