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

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

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

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 Please indicate if you are aware of any reason why this draft standard should not be published as a British Standard.

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

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

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

1 2 (3) 4 5 (6) 7

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

Paragraph/Figure/
Table/Note

Type of
comment

Commend (justification
for change) by the MB

Proposed change by the MB Secretariat observations on
each comment submitted

3.1 Definition 1 ed Definition is ambiguous and needs
clarifying.

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

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

Delete reference to UV photometer.
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European foreword 

This document (prEN 286-1:2019) has been prepared by Technical Committee CEN/TC 54 “Unfired 
pressure vessels”, the secretariat of which is held by BSI. 

This document is currently submitted to the CEN Enquiry. 

This document will supersede EN 286-1:1998. 

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 the EU Directive 
2014/29/EU. 

For relationship with EU Regulation 2014/29/EU, see the informative Annex ZA, which is an integral 
part of this document. 
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1 Scope 

1.1 This document applies to the design and manufacture of welded, simple unfired pressure vessels 
manufactured in series, with a single or multiple compartment, here-in-after referred to as vessels. 

It only applies to vessels that: 

a) include fabrication by welding, but some designs can entail the use of bolts; 

b) have a simple geometry enabling simple-to-use production procedures. This is achieved by either 

1) a cylindrical part of circular cross section closed by outwardly dished and/or flat ends which 
revolve around the same axis as the cylindrical part; or 

2) two outwardly dished ends revolving around the same axis. 

1.2 It applies to vessels which are intended to contain air or nitrogen which are not intended to be 
fired and which operate within the following constraints: 

a) subjected to an internal gauge pressure greater than 0,5 bar; 

b) the parts and assemblies contributing to the strength of the vessel under pressure to be made 
either of non-alloy quality steel or of non-alloy aluminium or non-age hardening aluminium alloys; 

NOTE In this document, the use of “aluminium” covers non-alloy aluminium and aluminium alloys. 

c) the maximum working pressure is not greater than 30 bar. The product of the maximum working 
pressure and the capacity of the vessel (PS · V) is greater than 50 bar · l but does not exceed 
10 000 bar · l. Below 50 bar · l use of this document is considered to fulfil the requirements of 
sound engineering practice; 

d) the minimum working temperature is not lower than −50 °C and maximum working temperature 
not higher than 300 °C for steel and 100 °C for aluminium or aluminium alloy vessels. 

It does not apply to vessels specifically designed for nuclear use, to vessels specifically intended for 
installation in or the propulsion of ships and aircraft, or to fire extinguishers. 

The document neither applies to transportation vessels nor to vessels which also contain substances 
other than air or nitrogen which could adversely affect their safety. For vessels to contain compressed 
air for braking systems of road vehicles and their trailers, see also EN 286-2. For vessels to contain 
compressed air for braking systems of rail mounted vehicles, see also EN 286-3 and EN 286-4. 

1.3 It applies to the vessel proper, from the inlet connection to the outlet connection and to all other 
connections required for valves and fittings. 

1.4 For the purposes of calculations required to be made in accordance with this document, 
dimensions are in millimetre, pressures are in bar (except otherwise specified), stresses are in newton 
per square millimetre and temperatures are in degree Celsius. 

2 Normative references 

The following documents are referred to in the text in such a way that some or all of their content 
constitutes requirements of this document. For dated references, only the edition cited applies. For 
undated references, the latest edition of the referenced document (including any amendments) applies. 

EN 473:2008, Non-destructive testing — Qualification and certification of NDT personnel 
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EN 10002-1:2001, Metallic materials — Tensile testing — Part 1: Method of test at room temperature 

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

EN 10226-1:2004, Pipe threads where pressure tight joints are made on the threads — Part 1: Taper 
external threads and parallel internal threads — Dimensions, tolerances and designation 

EN ISO 228-1:2003,1 Pipe threads where pressure-tight joints are not made on the threads — 
Part 1: Dimensions, tolerances and designation (ISO 228-1:2000) 

EN ISO 2409:1994, Paints and varnishes — Cross-cut test (ISO 2409:1992) 

EN ISO 5173:2010,2 Destructive tests on welds in metallic materials — Bend tests 
(ISO 5173:2009 + Amd 1:2011) 

EN ISO 5817:2014, Welding — Fusion-welded joints in steel, nickel, titanium and their alloys (beam 
welding excluded) — Quality levels for imperfections (ISO 5817:2014) 

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

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

EN ISO 9606-2:2004, Qualification test of welders — Fusion welding — Part 2: Aluminium and aluminium 
alloys (ISO 9606-2:2004) 

EN ISO 10042:2018, Welding — Arc-welded joints in aluminium and its alloys — Quality levels for 
imperfections (ISO 10042:2018) 

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

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

EN ISO 15609-1:2004, Specification and qualification of welding procedures for metallic materials — 
Welding procedure specification — Part 1: Arc welding (ISO 15609-1:2004) 

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

EN ISO 15614-2:2005, Specification and qualification of welding procedures for metallic materials — 
Welding procedure test — Part 2: Arc welding of aluminium and its alloys (ISO 15614-2:2005) 

EN ISO 17636-1:2013, Non-destructive testing of welds — Radiographic testing — Part 1: X- and gamma-
ray techniques with film (ISO 17636-1:2013) 

                                                             

1 As impacted by EN ISO 228-1 Supplement 1.  

2 As impacted by EN ISO 5173:2010/A1:2011. German version EN ISO 5173:2010 + A1:2011. 
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EN ISO 17636-2:2013, Non-destructive testing of welds — Radiographic testing — Part 2: X- and gamma-
ray techniques with digital detectors (ISO 17636-2:2013) 

ISO 3057:1998, Non-destructive testing — Metallographic replica techniques of surface examination 

ISO 7005-1:2011, Pipe flanges — Part 1: Steel flanges for industrial and general service piping systems 

ISO 7253:1996, Paints and varnishes — Determination of resistance to neutral salt Spray (fog)  

3 Terms and definitions, symbols and units 

3.1 Terms and definitions 

For the purposes of this document, the following terms and definitions apply. 

ISO and IEC maintain terminological databases for use in standardization at the following addresses: 

— ISO Online browsing platform: available at https://www.iso.org/obp 

— IEC Electropedia: available at http://www.electropedia.org/ 

3.1.1 
automatic welding 
welding in which all the welding parameters are automatically controlled, some of these parameters 
may be adjusted to a limited amount (manually or automatically by mechanical or electronic devices) 
during welding to maintain the specified welding conditions 

3.1.2 
non-automatic welding 
all types of welding other than that defined in 3.1.1 

3.1.3 
batch 
<of vessels> consists at most of 3 000 vessels of the same type 

3.1.4 
type of vessel 
vessels are of the same type if the 4 following conditions are met: 

— have similar geometrical form (i.e. shell rings and ends or only ends, in both cases ends of the same 
shape); 

— have wall material and thickness within the limit of validity of the weld procedure, including those 
for branches, nozzles and inspection opening; 

— have the same type of inspection openings, (sightholes, handholes, headholes and manholes are 
examples of different types of inspection openings); 

— have the same design temperature limitations. 

3.1.5 
controlled product test 
procedure carried out by a notified body during manufacture to ensure that the manufacturer duly 
fulfils the requirements of this document 
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3.1.6 
design and manufacturing documents 
prepared by the manufacturer to describe the construction, materials and fabrication including the 
certificates 

3.1.7 
design temperature 

3.1.7.1 
maximum design temperature 
temperature that is used in the design calculations, and which is never less than the maximum working 
temperature 

3.1.7.2 
minimum design temperature 
lowest temperature used in the selection of materials, and which is never greater than the minimum 
working temperature 

3.1.8 
minimum working temperature 
Tmin 
lowest stabilized temperature in the wall of the vessel under normal conditions of use 

3.1.9 
maximum working temperature 
Tmax 
highest stabilized temperature which the wall of the vessel can attain under normal conditions of use 

3.1.10 
design pressure 
P 
pressure used in design calculations, and which is never less than the maximum working pressure PS 

3.1.11 
maximum working pressure 
PS 
maximum gauge pressure which may be exerted under normal conditions of use (the set pressure of the 
pressure relief device is never greater than PS, but after pressure relief has commenced the pressure 
can exceed PS by 10 % maximum) 

3.1.12 
manufacturer’s inspector 
person(s) employed and authorized by the manufacturer, but independent from the production 
personnel, qualified and responsible for inspections, examinations and tests to be carried out by him on 
vessels 

Note 1 to entry:  Qualification means technical competency on the different inspections, examinations and tests 
to be carried out under the manufacturer’s responsibility, as well as necessary experience. It is the responsibility 
of the manufacturer to ascertain that the inspector is competent. 

3.1.13 
report on the examinations and tests 
report of the examinations and tests carried out by the manufacturer 
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3.1.14 
material test report 
document in which the material manufacturer certifies that the products supplied are in compliance 
with the requirements of the order and in which he supplies test results based on non-specific 
inspection and testing 

Note 1 to entry: This corresponds to “inspection slip” defined in Directive 2014/29/EU. 

[SOURCE: EN 10204:2004, 2.2 or 3.1 or 3.2] 

3.1.15 
series manufacture 
more than one vessel of the same type manufactured during a given period by a continuous 
manufacturing process in accordance with a common design and using the same manufacturing process 

3.1.16 
main body 
main shell and/or ends 

3.2 General symbols and units 

International System (S.I.) units are used in the standard as follows: 

— dimensions (thickness, diameter, length, …): mm 

— areas: mm2 

— loads, forces: N 

— moments: N · mm 

— pressures: bar or N/mm2 (see note) 

— stresses, yield strength, tensile strength, …: N/mm2 

NOTE Concerning the design pressure P, the unit N/mm2 is used throughout 6.4 in order to have a coherent 
system of units for the formula. The unit bar is used throughout the other clauses in order to meet the terminology 
of Directive 2014/29/EU. 

The following general symbols are used (specific symbols are defined in the relevant clauses): 

A elongation after rupture 

Di inside diameter of main body 

Do outside diameter of main body 

d diameter of openings 

dib internal diameter of branch 

dob external diameter of branch 

dip internal diameter of pad 

dop external diameter of pad 
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dis internal diameter of shell 

e nominal thickness of wall 

es nominal thickness of shell 

eb nominal thickness of branch 

ep nominal thickness of compensating plate or of pad 

ec calculated thickness 

ea actual thickness 

eas actual thickness of shell 

eab actual thickness of branch 

eam actual thickness of main body 

eap actual thickness of compensating plate or of pad 

f nominal design stress at design temperature 

Kc calculation coefficient, which depends on the welding process (see 5.4.2) 

Ks shell coefficient, which depends on the extent of testing (see 5.4.2) 

KCV impact energy 

lb effective length of branch contributing to reinforcement 

lbi effective length for inside part of set-through branch 

lm effective length of main body, contributing to reinforcement 

lp width of compensating plate, 

lrp width of pad minus corrosion allowance and tolerances 

P design pressure (never less than PS), in bar or in newton per square millimetre (see note at 
the beginning of 3.2) 

PS maximum working pressure 

ReT value at the maximum working temperature Tmax 

— of the upper yield point ReH, for a material with both a lower and upper yield point; 

— of the proof stress Rp0,2; 

— or of the proof stress Rp1,0 in the case of non-alloy aluminium 

Rm minimum value of tensile strength at room temperature specified in the material standard 
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4 Materials 

4.1 Main pressurized parts (see also 5.2) 

4.1.1 General 

The materials shall be delivered with at least a test report (type 2.2 in accordance with 
EN 10204:2004). Inspection certificates of types 3.1 or 3.2 are also acceptable. 
4.1.2 Steel vessels 

The following materials should be used: 

a) plate, strip and bar: steel grades P 235 S, P 265 S, and P 275 SL in accordance with EN 10207; steel 
grades P 235 GH and P 265 GH in accordance with EN 10028-2; 

b) tubes: steel grades P 235 TR 2, P 265 TR 2 in accordance with EN 10216-1 and P 195 GH, P 235 GH 
and P 265 GH in accordance with EN 10217-2; 

c) forgings: steel grade P 285 QH in accordance with EN 10222-4. 

4.1.3 Aluminium vessels 

The materials stated in Table 1, in accordance with EN 573-4, should be used: 

a) plates in accordance with EN 485-2; 

b) bars in accordance with EN 755-2. 

Table 1 — Aluminium materials in accordance with EN 573-4 

Material designation Maximum working 
temperature Numerical Chemical symbol 

EN AW-1080A EN AW-Al 99,8(A) 100 °C 

EN AW-1070A EN AW-Al 99,7 100 °C 

EN AW-1050A EN AW-Al 99,5 100 °C 

EN AW-5005 EN AW-Al Mg1(B) 100 °C 

EN AW-5251 EN AW-Al Mg2 100 °C 

EN AW-5049 EN AW-Al Mg2Mn0,8 100 °C 

EN AW-5052 EN AW-Al Mg2,5 100 °C 

EN AW-5754 EN AW-Al Mg3 100 °C 

EN AW-5454 EN AW-Al Mg3Mn 100 °C 

EN AW-5154A EN AW-Al Mg3,5(A) 100 °C 

EN AW-5086 EN AW-Al Mg4 65 °C 

EN AW-5083 EN AW-Al Mg4,5Mn0,7 65 °C 

EN AW-3103 EN AW-Al Mn1 100 °C 

EN AW-3105 EN AW-Al Mn0,5Mg0,5 100 °C 
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4.1.4 Other standard materials 

Any material not included in subclauses 4.1.2 and 4.1.3, which is manufactured in accordance with a 
National or International Standard for quality steels, aluminium or aluminium alloy, will be acceptable if 
in compliance with 4.1.1 and Directive SPVD, Annex I. 

4.2 Accessories contributing towards the strength of vessels 

These accessories (bolts, nuts, pipes, tubes, bosses, flanges, internal structures etc.) shall be made from 
steel, aluminium or aluminium alloy, which is compatible with materials used for the manufacture of 
the main pressurized parts. They shall have an elongation after rupture, A, on longitudinally oriented 
test pieces of at least 14 % (see EN 10002-1:2001). 

4.3 Non-pressurized parts 

All non-pressurized parts of welded vessels shall be of materials that are compatible with that of the 
components to which they are welded. 

Aluminium and aluminium alloys shall be as given in 4.1.3. 

4.4 Welding consumables 

The welding consumables used to manufacture the welds on or of the vessel shall be appropriate to and 
compatible with the materials to be welded and shall comply with available European standards. 

5 Design 

5.1 General 

The manufacturer shall, when designing the vessel, define the use to which it will be put and select: 

— the minimum working temperature, Tmin; 

— the maximum working temperature, Tmax; 

— the maximum working pressure, PS. 

When the intended use of the vessel implies additional loads or fatigue, this shall be taken into account 
in the design. Requirements related to roofing (out-of-roundness due to offset of (welded) connections 
or local shape deviations of the vessel) are given in Annex A. 

5.2 Weld joint design 

5.2.1 Welds of partial penetration type are not permitted, except in cases of branches, flat ends and 
flanges which are fixed to the main shell by means of two welds of adequate thickness, see 5.2.5. The 
type of edge preparation is dependent on the welding procedures used. 

Where full penetration welds are not used for branches, welds shall be as shown in Figures 1a) to 1d) 
with each weld having a throat thickness, g, of at least 0,7 times the thickness of the thinnest part. 

Branches may be considered as reinforcement of the main body if the weld joints are made as shown in 
Figures 1a) to 1d), 2a) and 2b). 

5.2.2 A single partial penetration weld is permitted in the case of branch pipes and sockets whose 
outside diameter does not exceed 65 mm. The throat thickness, g, of the weld shall be at least 1,5 times 
the thickness of the thinnest part (see Figures 1e), 1f), 1g) and 1h)).Where the diameter of the hole in 
the wall is greater than 75 mm, a reinforcement calculation is necessary in accordance with the method 
described in 5.4.6.3. 
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5.2.3 If a shell is manufactured from more than one ring, the alignment between the centrelines of the 
longitudinal welds shall be as far apart as possible but not less than 50 mm. 

For horizontally mounted vessels longitudinal welds shall not be closer than 30° to the lowest line along 
the surface of the vessel parallel to its centre line (see Figure 3). 

 

 

  

a) b) c) d) 

NOTE g is at least 0,7 of the thinnest part. 

    
e) f) g) h) 

NOTE g is at least 1,5 of the thinnest part. 

Figure 1 — Alternative welds for tubes, branches, pipes and sockets 

  
a) b) 

Figure 2 — Full penetration welds for tubes, branches, pipes and sockets 
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Key 

1 no longitudinal welds in this area 

Figure 3 — Positioning of longitudinal welds 

5.2.4 Openings in cylindrical shells and end plates shall be placed as far as practical from any welded 
seam, but in no instance shall the seam in the shell be pierced. The distance between any two welds 
taken from the extremity of the edge preparation shall not be less than 4 times the actual shell 
thickness, eas, and in no case shall the distance to any circumferential seam be less than o s0 5, D e . 

5.2.5 Welded joints for flat ends and flanges shall be of the types shown in Figure 4. 

In this case, the material from which the flat end is made from plate shall be subjected to an ultrasonic 
check for laminations which shall not be greater than 3 mm × 2 mm. 
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a) b) 

 

 

c) d) 

 
 

 
e) f) g) 

Key 
1  full penetration 
2  this weld may be omitted if the internal diameter is less than 500 mm 

Figure 4 — Typical welded joints for flat ends and flanges 
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5.2.6 Welding of compensation plates shall be as shown in Figure 5. 

where erp is the thickness of the compensating 
plate and g is at least 0,7 of the thinnest part 

where erp is the thickness of the compensating plate 

 

 

a) b) 

 
c) 

Key 
1 tell-tale hole 

Figure 5 — Welding of compensation plates 

5.3 Determination of wall thicknesses 

5.3.1 Choice of the method 

The wall thicknesses shall be determined, in the corroded conditions, using the calculation method 
(see 5.4) or the experimental method (see 5.5), at the manufacturer’s choice, in accordance with the 
following criteria: 

— if the product of PS and V is more than 3 000 bar · l, or if the maximum working temperature 
exceeds 120 °C, the calculation method shall be used; 

— if the product of PS and V is not more than 3 000 bar · l, or if the maximum working temperature 
does not exceed 120 °C, the calculation method or the experimental method may be used, at 
manufacturer’s choice. 

5.3.2 Actual wall thicknesses 

The actual wall thickness ea of a component (shell, head or flange) is the nominal thickness of the 
component corrected for tolerance, thinning and corrosion (see Figure 6): 
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= − − −ae e t m c  (1) 

where 

e is the nominal thickness of the component; 

c is the corrosion allowance (see 5.3.3); 

t is the absolute value of the negative tolerance; 

m is the thinning during the manufacturing process. 

 

Figure 6 — Nominal, actual and calculated thicknesses of a component 

The actual wall thickness of the shell and ends shall not be less than 2 mm in the case of steel vessels 
and not less than 3 mm in the case of aluminium vessels: 

≥a 2e  mm for steel vessels (2) 

≥a 3e  mm for aluminium vessels (3) 

5.3.3 Corrosion allowance 

5.3.3.1 General 

The vessels shall, bearing in mind their prescribed use, be adequately protected against corrosion. 

5.3.3.2 Steel vessels are adequately protected against corrosion if: 

— internal coating is present, which shall be tested in accordance with Annex B; or 

— an adequate corrosion allowance is specified. 
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5.3.3.3 Aluminium vessels do not require a protection against corrosion, nor a corrosion allowance. 

5.4 Calculation method 

5.4.1 General 

5.4.1.1 The nominal design stress, f, shall not exceed the lower value of 0,6 ReT or 0,3 Rm. 

5.4.1.2 All calculations shall be made for the vessel in the corroded condition. 

5.4.1.3 For the purposes of this clause, pressure P is in newton per square millimetre. 

5.4.1.4 The actual thickness ea of the shell, ends and flanges shall not be less than the calculated 
thickness of the component: 

≥a ce e  (4) 

where ec is the calculated thickness. 

5.4.2 Calculated thickness of shells ecs 

⋅= ⋅
+
o

cs C S2

PD
e K K

f P
 (5) 

where 

KC is the calculation coefficient depending on the welding process: 

KC = 1 for welds made by automatic welding process (see Tables 11 and 13); 

KC = 1,15 for welds made by non-automatic welding process (see Tables 12 and 14). 

  
a) Elliptical end b) Elliptical end 

 
c) End with manhole (elliptical, torispherical) 

Figure 7 — Dished ends 
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KS is the shell coefficient depending on the amount of testing: 

KS = 1 for normal amount of testing (see Tables 11 and 13); 

KS = 1,25 for alternative amount of testing (see Tables 12 and 14). 

5.4.3 Calculated thickness of dished ends ece 

5.4.3.1 General 

Dished ends shall fulfil the following limitations: 

a) hemispherical ends: 

≤ ≤0 a 00 002 0 16,   ,  D e D  (6) 

b) elliptical ends: 

≤ ≤0 a 00 002 0 08,   ,  D e D  (7) 

≥ 00 18,  h D  (8) 

c) torispherical ends: 

≤ ≤0 a 00 002 0 08,   ,  D e D  (9) 

≥ 00 06,  r D  (10) 

≥ a3 r e  (11) 

≤ 0R D  (12) 

where 

h is the outside height of the end; 

r is the inside knuckle radius, for torispherical ends; 

R is the inside spherical radius, for torispherical ends. 

 (See Figure 7) 

The two relationships in 5.4.3.1 b) or the four relationships in 5.4.3.1 c) shall be fulfilled simultaneously. 

In no case shall the thickness of the cylindrical or straight flange (see Figures 7a) and 7b) of a dished 
end be less than the thickness of a seamless unpierced cylindrical shell of the same diameter and 
material for the same design pressure and temperature. 
5.4.3.2 Hemispherical ends 

The thickness of hemispherical ends shall be determined using equation: 

=
+

o
ce 4

 P D
e

f P
 (13) 
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NOTE When 2 hemispherical ends are welded together without a straight flange, the formula is multiplied by 
the appropriate KC factor (this being the calculation coefficient shown in Tables 11 to 14). 

5.4.3.3 Elliptical and torispherical ends 

Typical configurations are shown on Figure 7. 

The thickness of elliptical and torispherical ends shall be determined using the following procedure. 

a) Calculate P/f. 

b) Enter Figure 8 with this value, read up to the appropriate he/Do line for the proposed end shape 
and then across to the ece/Do axis for the corresponding ece/Do value. 

where he is the design height of the end: 

( ) ( )
( )    +

    =     +    

2
o ao

e
a

min
24

;
D r eD

h h
R e

 (14) 

NOTE For elliptical ends, use: he = h 

c) Multiply by Do to obtain the calculated end thickness. 

Numerical values of Table 2 may be used instead of curves of Figure 8. Interpolation between 
he/Do curves is permissible or, alternatively, values may be read from the next highest he/Do 
curve. 

Figure 8 may be used with values of he and Do based on internal dimensions, provided he/Do < 0,27; 
beyond this value external dimensions are to be used. 
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Key 

a values of he/D 

Figure 8 — Design curves for elliptical and torispherical ends 
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Table 2 — Values of hce/Do · 103 for unpierced elliptical and torispherical ends in terms of he/Do 
and P/f 

he/Do 
P/f 

0,001 0,001 5 0,002 
5 0,004 0,006 0,010 0,015 0,025 0,050 Greater 

values 

0,15 2,13 2,70 3,73 5,22 7,20 10,9 15,4 24,0 44,5 880 × P/f 

0,16 (1,95) 2,50 3,50 4,90 6,70 10,2 14,3 22,2 41,5 810 × P/f 

0,17 (1,80) 2,30 3,24 4,58 6,30 9,6 13,5 21,0 39,2 770 × P/f 

0,18 (1,65) 2,11 2,99 4,23 5,80 8,8 12,6 19,7 37,0 730 × P/f 

0,19 - (1,95) 2,77 3,95 5,43 8,3 11,8 18,5 35,0 695 × P/f 

0,20 - (1,80) 2,55 3,64 5,00 7,7 11,0 17,3 33,0 650 × P/f 

0,21 - (1,65) 2,39 3,42 4,75 7,3 10,4 16,2 620 × P/f - 

0,22 - (1,52) 2,22 3,20 4,45 6,84 9,7 15,4 585 × P/f - 

0,23 - (1,40) 2,08 2,95 4,12 6,30 9,1 14,5 555 × P/f - 

0,24 - - (1,92) 2,76 3,83 5,90 8,5 13,6 530 × P/f - 

0,25 - - (1,75) 2,58 3,56 5,50 7,8 500 × P/f - - 

0,26 - - (1,64) 2,40 3,34 5,15 7,35 475 × P/f - - 

0,27 - - (1,52) 2,25 3,12 4,80 6,80 445 × P/f - - 

0,28 - - (1,41) 2,12 2,93 4,50 6,45 425 × P/f - - 

0,29 - - - (2,00) 2,73 4,20 405 × P/f - - - 

0,30 - - - (1,86) 2,54 3,95 385 × P/f - - - 

0,31 - - - (1,71) 2,41 3,80 370 × P/f - - - 

0,32 - - - (1,61) 2,30 3,65 358 × P/f - - - 

0,33 - - - (1,52) 2,20 3,50 345 × P/f - - - 

0,34 - - - (1,45) 2,10 335 × P/f - - - - 

0,35 - - - - 325 × P/f - - - - - 

0,36 - - - - 319 × P/f - - - - - 

0,38 - - - - 307 × P/f - - - - - 

0,40 - - - - 295 × P/f - - - - - 

NOTE 1 This table is not valid for values of ece/Do · 103 < 2,00. 

Intermediate values may be obtained by logarithmic interpolation. 
Values in parentheses shall only be used for the purposes of interpolation. 

5.4.4 Calculated thickness of flat ends and covers 

5.4.4.1 Flat ends without openings 

The calculated thickness of a flat end welded on shell is given by the following equation: 
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=ce i
Pe CD
f

 (15) 

where 

C is obtained from Figure 9; 

Di is the internal diameter of the end (see Figure 10e). 

 
NOTE Minimum value of C equal to 0,41. 

Figure 9 — Values of coefficient C for welded flat ends 
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