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Foreword

This document (EN 12516-1:2005) has been prepared by Technical Committee CEN/TC 69 “Industrial valves”,
the secretariat of which is held by AFNOR.

This European Standard shall be given the status of a national standard, either by publication of an identical
text or by endorsement, at the latest by October 2005, and conflicting national standards shall be withdrawn at
the latest by October 2005.

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.

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

EN 12516 consists of four parts:

— Part 1: Tabulation method for steel valve shells;

— Part 2: Calculation method for steel valve shells;

— Part 3: Experimental method;

— Part 4: Calculation method for valve shells in metallic materials other than steel.

According to the CEN/CENELEC Internal Regulations, the national standards organizations of the following
countries are bound to implement this European Standard: Austria, Belgium, Cyprus, Czech Republic,
Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Iceland, Ireland, ltaly, Latvia, Lithuania,

Luxembourg, Malta, Netherlands, Norway, Poland, Portugal, Slovakia, Slovenia, Spain, Sweden, Switzerland
and United Kingdom.
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Introduction

EN 12516, Industrial Valves — Shell Design strength, is in four parts. Parts 1 and 2 specify methods for
determining the thickness of steel valve shells by tabulation or calculation methods respectively. Part 3
establishes an experimental method for assessing the strength of valve shells in steel, cast iron and copper
alloy as a type test by applying an elevated hydrostatic pressure at ambient temperature. Part 4 specifies a
method for calculating the thickness for valve shells in metallic material other than steel.

The tabulation method, Part 1 is similar in approach to ASME B16.34 in that the designer can look up the
required minimum wall thickness dimension of the valve body from a table. The internal diameter of the
straight pipe, into which the valve is to be mounted, gives the reference dimension from which the tabulated
wall thickness of the body are calculated. It applies only to valve bodies, bonnets and covers with essentially
circular cross-section. For valve shells with oval or rectangular shapes and for additional loads, EN 12516-2
should be used (see 8.6).

The calculation method, Part 2 is similar in approach to DIN 3840 where the designer is required to calculate
the wall thickness for each point on the pressure temperature curve using the allowable stress at that
temperature for the material he has chosen (see [2]). The allowable stress is calculated from the material
properties using the safety factors that are defined in Part 2. The equations in Part 2 consider the valve as a
pressure vessel and ensure that there is no excessive deformation or plastic instability.

Part 1 specifies standard and special pressure temperature ratings for valve shells with bodies having the
tabulated thickness.

The tabulation method gives one thickness for the body for each Body (see 3.1) or Class designation
depending only on the inside diameter, D;, of the body at the point where the thickness is to be determined.

Each tabulated pressure temperature rating is given a reference pressure designation to identify it. The B
(Body) pressure designation is used to differentiate it from the PN designation that is used for flanges because
the rules for determining the pressure temperature ratings for the B and PN designations are different.

The thicknesses in Table 10 are calculated using the thin cylinder equation that is also used in Part 2. The
allowable stress used in the equation is equal to 118 N/mm? and the operating pressure varies for each B and
Class designation. The equation uses a calculation pressure, p., in N/mm? (e.g. 75,86 N/mm? for Class 4500;
5,06 N/mm? for Class 300 and 3,00 N/mm? for B 25). Table 1 gives these values for all the tabulated B and
Class designations.

Table 1 — Pressure used to calculate tabulated thickness

Designation B25 B6 B10 | B16 | B20 | B25 | B40 C;ggs
Pressure, p. N/mm?® 0,33 0,78 1,30 2,08 2,60 3,00 4,40 5,06
. . Class Class Class Class Class
Designation B 63 B 100 —
600 900 1500 2500 4500
Pressure, p, N'/mm? 6,30 10,00 10,11 15,17 25,29 42,14 75,86 —
. . . . 15 p. D;
The equation for calculating the thickness is e, = + constant (1)

(2x118)- (12 p.)

For the Class designations, except Class 150, the rules for determining the pressure/temperature ratings are
the same for both valve shells and flanges. Hence, only one designation is required. The rules for determining
Class 150 flange pressure/temperature ratings are different to those for the valve shell and therefore B 20 is
used for the designation of the valve shell.
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The Special Class pressure temperature rating for Class 4500 is calculated using the equation:

4500
7000

allowable pressure at temperature ¢ = selected Special stress at temperature X

()

The Standard Class pressure temperature rating for Class 4500 is calculated using the equation:

selected standard stress at temp. ¢ » 4500
1,25 7000

allowable pressure at temperature 1 =

®)

NOTE In ASME B16.34, 7 000 times 1,25 is shown as 8750.

This appears to show that allowable pressures for standard rating valves are always 80 % of the equivalent
special rating values. However, the rules for determining the selected stress for standard and special ratings
are different. Therefore at low temperatures, the difference in allowable pressures is nil or very small and it is
only at high temperatures where the full 80 % difference can be seen. The selected stresses are applicable for
a group of materials and are determined from the material properties of ASME Section IID (see [3]) The
reason for the down rating of standard rating values relative to Special rating is that the standard rating body
is not subject to the specified non-destructive examination procedures and acceptance levels.

The thicknesses for all designations are approximately proportional to the Class 4500 thickness in the ratio of
the pressures in Table 1. Similarly, the pressure/temperature ratings are proportional to the Class 4500 rating.
For B designated ratings the ratio are based on 760 bar being the metric value needed to get equivalence to
the value of Class 4500. See Table 2.

Table 2 — Ratio for determining pressure/temperature ratings

. . Class
Designation B2,5 B6 B 10 B 16 B 20 B 25 B 40
300
Ratio 2.5 6 10 16 20 25 40 300
760 760 760 760 760 760 760 4500
. . Class Class Class Class Class
Designation B 63 B 100 —
600 900 1500 2500 4500
. 63 100 600 900 1500 2500 4500
Ratio —

760 760 4500 4500 4500 4500 4500

For each material group, this results in a series of pressure temperature lines.

For flanges a series of pressure temperature lines is also calculated and designated PN 2,5, PN 6, PN 10,
PN 16, Class 150, PN 25, PN 40, PN 63 and PN 100. The rules for calculating these flange lines differ from
those for the valve shell. Hence, there are points where these two families of lines, i.e. flanges and B
designated valve shells, intersect.

The main reasons for the differences are due to the treatment of ceiling values. In PN flanges, a constant
ceiling stress of 225 N/mm? at room temperature is applied. In B and Class designations, the ASME B16.34
ceiling criteria apply, which are temperature dependent.

In the case where the valve body designed with this part of EN 12516 has PN, designated flanged ends the

designer should consider the requirements laid down in 6.6 to ensure that the valve body is not weaker than
the flange.
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This document tabulates the commonly used ratings. It is possible to design shells to suit particular
applications or markets using intermediate ratings. This data can be obtained using linear interpolation of the
tabulated data in Part 1.

A merit of the tabulation method, which has a fixed set of shell dimensions irrespective of the material of the
shell, is that it is possible to have common patterns and forging dies. The allowable pressure temperature
rating for each material group varies proportional to the selected stresses of the material group to which the
material belong, using the simple rules above.

A merit of the calculation method is that it allows the most efficient design for a specific application using the
allowable stresses for the actual material selected for the application.

The two methods are based on different assumptions, and as a consequence the detail analysis is different
(see [3]). Both methods offer a safe and proven method of designing pressure-bearing components of valve
shells.
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1 Scope

This document specifies the tabulation method for determining the wall thickness of valve bodies with
essentially circular cross-section made in forged, cast or fabricated steel.

For valve shells with oval, rectangular or non-circular shapes, see 8.6.
The range of B or Class designations for which thicknesses are tabulated is:

B25 B6, B10, B16, B20, B 25, B40, Class 300, B 63, B 100, Class 600, Class 900, Class 1500,
Class 2500, Class 4500.

Standard and special pressure temperature ratings are specified for each material group for the above B and
Class designations.

The non-destructive examination procedures and acceptance levels that shall be applied to the valve shell
components in order for the valve to be used at Special pressure temperature ratings are defined. Details are
also given for the alternative rules for small bore valves of DN 65 and smaller.

This document does not apply to threaded end valves:

— DN 80 or larger;

— or which have pressure ratings greater than Class 2500;

— or which operate at temperatures greater than 540 °C.

Socket welding end valves DN 80 or larger are outside the scope of this document.

2 Normative references

The following referenced documents are indispensable for the application 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 19, Industrial valves — Marking of metallic valves

EN 287-1, Qualification test of welders — Fusion welding — Part 1: Steels

EN 444, Non-destructive testing — General principles for radiographic examination of metallic materials by X-
and gamma-rays

EN 462, Non-destructive testing — Image quality of radiographs
EN 571-1, Non-destructive testing — Penetrant testing — Part 1. General principles

EN 584-1, Non-destructive testing — Industrial radiographic film — Part 1: Classification of film systems for
industrial radiography

EN 736-1:1995, Valves — Terminology — Part 1: Definition of types of valves
EN 736-2:1997, Valves — Terminology — Part 2: Definition of components of valves
EN 736-3:1999, Valves — Terminology — Part 3: Definition of terms

EN 1092-1, Flanges and their joints — Circular flanges for pipes, valves, fittings and accessories, PN
designated — Part 1: Steel flanges
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EN 1759-1, Flanges and their joints — Circular flanges for pipes, valves, fittings and accessories, Class
designated — Part 1: Steel flanges, NPS Y to 24

EN 10025-1, Hot rolled products of structural steels — Part 1: General technical delivery conditions

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

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

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

EN 10028-7, Flat products made of steels for pressure purposes — Part 7: Stainless steels

EN 10213-2, Technical delivery conditions for steel castings for pressure purposes — Part 2: Steel grades for
use at room temperature and elevated temperatures

EN 10213-3, Technical delivery conditions for steel castings for pressure purposes — Part 3: Steel grades for
use at low temperatures

EN 10213-4, Technical delivery conditions for steel castings for pressure purposes — Part 4: Austenitic and
austenitic-ferritic steel grades

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

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

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

EN 10222-5, Steel forgings for pressure purposes — Part 5: Martensitic, austenitic and austenitic-ferritic
stainless steels

EN 10228-1, Non-destructive testing of steel forgings — Part 1: Magnetic particle inspection

EN 10228-3:1999, Non-destructive testing of steel forgings — Part 3: Ultrasonic testing of ferritic or
martensitic steel forgings

EN 12516-2, Industrial valves — Shell design strength — Part 2: Calculation method for steel valve shells

EN 12517, Non-destructive examination of welds - Radiographic examination of welded joints - Acceptance
levels

EN 12627, Industrial valves — Butt welding ends for steel valves
EN 12680-1:2003, Founding — Ultrasonic examination — Part 1: Steel castings for general purposes
EN I1SO 3452, Non-destructive testing — Penetrant testing

EN ISO 9934-1, Non-destructive testing — Magnetic particle testing — Part 1: General principles (ISO 9934-
1:2001)

EN ISO 15607, Specification and qualification of welding procedures for metallic materials — General rules
(ISO 15607:2003)
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ASTM A 105-03, Standard Specification for Carbon Steel Forgings for Piping Applications
ASTM A 106-04a, Standard Specification for Seamless Carbon Steel Pipe for High-Temperature Service

ASTM A 182-04, Standard Specification for Forged or Rolled Alloy-Steel Pipe Flanges, Forged Fittings, and
Valves and Parts for High-Temperature Service

ASTM A 203-97, Standard Specification for Pressure Vessel Plates, Alloy Steel, Nickel
ASTM A 204-03, Standard Specification for Pressure Vessel Plates, Alloy Steel, Molybdenum

ASTM A 216-93, Standard Specification for Steel Castings, Carbon, Suitable for Fusion Welding, for High-
Temperature Service

ASTM A 217-02, Standard Specification for Steel Castings, Martensitic Stainless and Alloy, for Pressure-
Containing Parts, Suitable for High-Temperature Service

ASTM A 240-04ae1, Standard Specification for Chromium and Chromium-Nickel Stainless Steel Plate, Sheet,
and Strip for Pressure Vessels and for General Applications

ASTM A 302-93, Standard Specification for Pressure Vessel Plates, Alloy Steel, Manganese-Molybdenum
and Manganese-Molybdenum-Nickel

ASTM A 312-04a, Standard Specification for Seamless, Welded, and Heavily Cold Worked Austenitic
Stainless Steel Pipes

ASTM A 335-03, Standard Specification for Seamless Ferritic Alloy-Steel Pipe for High-Temperature Service

ASTM A 350-04, Standard Specification for Carbon and Low-Alloy Steel Forgings, Requiring Notch
Toughness Testing for Piping Components

ASTM A 351-03, Standard Specification for Castings, Austenitic, Austenitic-Ferritic (Duplex), for Pressure-
Containing Parts

ASTM A 352-03, Standard Specification for Steel Castings, Ferritic and Martensitic, for Pressure-Containing
Parts, Suitable for Low-Temperature Service

ASTM A 358-04, Standard Specification for Electric-Fusion-Welded Austenitic Chromium-Nickel Stainless
Steel Pipe for High-Temperature Service and General Applications

ASTM A 369-02, Standard Specification for Carbon and Ferritic Alloy Steel Forged and Bored Pipe for High-
Temperature Service

ASTM A 376-02a, Standard Specification for Seamless Austenitic Steel Pipe for High-Temperature Central-
Station Service

ASTM A 387-03, Standard Specification for Pressure Vessel Plates, Alloy Steel, Chromium-Molybdenum

ASTM A 479-04, Standard Specification for Stainless Steel Bars and Shapes for Use in Boilers and Other
Pressure Vessels

ASTM A 515-03, Standard Specification for Pressure Vessel Plates, Carbon Steel, for Intermediate- and
Higher-Temperature Service

ASTM A 516-04, Standard Specification for Pressure Vessel Plates, Carbon Steel, for Moderate- and Lower-
Temperature Service
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ASTM A 537-95, Standard Specification for Pressure Vessel Plates, Heat-Treated, Carbon-Manganese-
Silicon Steel

ASTM A 672-96, Standard Specification for Electric-Fusion-Welded Steel Pipe for High-Pressure Service at
Moderate Temperatures

ASTM A 675-03, Standard Specification for Steel Bars, Carbon, Hot-Wrought, Special Quality, Mechanical
Properties

ASTM A 691-98, Standard Specification for Carbon and Alloy Steel Pipe, Electric-Fusion-Welded for High-
Pressure Service at High Temperatures

ASTM A 696-90a, Standard Specification for Steel Bars, Carbon, Hot-Wrought or Cold-Finished, Special
Quality, for Pressure Piping Components

ASTM A 739-90a, Standard Specification for Steel Bars, Alloy, Hot-Wrought, for Elevated Temperature or
Pressure-Containing Parts, or Both

ASTM A 789-04a, Standard Specification for Seamless and Welded Ferritic/Austenitic Stainless Steel Tubing
for General Service

ASTM A 790-04a, Standard Specification for Seamless and Welded Ferritic/Austenitic Stainless Steel Pipe

ASTM E 186-98(2004)e1, Standard Reference Radiographs for Heavy-Walled (2 to 41/2-in. [51 to 114-mm])
Steel Castings

ASTM E 280-98(2004)e1, Standard Reference Radiographs for Heavy-Walled (41/2 to 12-in. [114 to 305-
mm)]) Steel Castings

ASTM E 446-96(2002)e1, Standard reference radiographs for steel castings up to 2in. in thickness.

ASME B16.34-1996, Valves - Flanged, Threaded and Welding End

3 Terms, definitions and symbols

For the purposes of this document, the terms and definitions given in EN 736-1:1995, EN 736-2:1997 and
EN 736-3:1999 and the following apply.

31

B (Body)

alphanumeric designation used for reference purposes related to a combination of mechanical and
dimensional characteristics of a valve body. It comprises the letter B followed by a dimensionless number

3.2
Class
(see EN 736-3)

3.3

special

designation associated with B and Class threaded end or welding end valves which indicates that the shell
components have been subjected to the specified levels of non destructive examination (NDE) and that the
valve can be used for a higher pressure/temperature rating
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Symbol Characteristic Unit
Minimum diameter of socket mm
. Metal area mm?

Ay Fluid area mm?

B Maximum diameter of socket mm

¢ constant mm

d’ Body neck inside diameter mm

D’; Body neck inside diameter beyond mm

D Body neck inside diameter used for wall thickness determination mm

D; Inside diameter of the valve mm

D; max Maximum inside diameter of the valve mm

D; min Minimum inside diameter of the valve mm

D Inside diameter at the body end port mm

e Neck wall thickness mm

Cmin Minimum wall thickness mm

er Body run wall thickness mm

J Diameter of the boss mm

0 ovality dimensionless

Peeilistd Ceiling pressure for standard rating bar

De Calculation pressure N/mm?

Desilispe Ceiling pressure for special rating bar

Pid Limited class rated working pressure bar

Dr Pressure rating index dimensionless

PS Allowable pressure at temperature bar

Dsd Special rated working pressure bar

r Filet radius at crotch mm

S Stress factor N/mm?

Sselispe Selected stress for special rating N/mm?

Sselistd Selected stress for standard rating N/mm?

T Length of thread mm

y Temperature coefficient dimensionless

o Allowable stress N/mm?

Documents
Document Sharin‘gjﬂub

Full document details: BS EN 12516-1:2005


http://www.avadocuments.com/doc/bs-en-12516-1-2005
http://www.avadocuments.com/doc/bs-en-12516-1-2005

EN 12516-1:2005 (E)

4 Size

The dimension of the valve body end port is usually specified in the valve product standard.

5 Material groups and material temperature limitations

The materials for the body, bonnet and cover are allocated to a material group for the purposes of determining
the pressure temperature ratings as given in Tables 11, 12 and 13.

The temperature limitations of each material shall be as given in Tables 11 and 12 for ASTM materials. The
temperature limitations for EN materials shall be as given in the material standard.

The choice of material groupings is explained in Annex H.

6 Pressure/temperature (p/t) ratings

6.1 General

The rating Tables 14 to 63 specify the allowable pressures at different temperatures for bodies, bonnets and
covers with B and Class designations made from the appropriate material group (see Annex F).

The temperature of the valve is generally the temperature of the contained fluid.

NOTE B has been used for the designation letter instead of PN and Class 150 to differentiate from the ratings
specified in EN 1092-1and EN 1759-1.

6.2 Standard rating

In conformance with the present document, standard rating applies to flanged (see 6.6) and butt welding end
valves in all sizes and to valves with threaded and socket welding ends up to DN 65 (NPS 2 1/2). When a
valve body or bonnet is manufactured by welding parts together, it shall be classified as suitable for standard

rating provided that 10 % of the welds are subject to random non destructive testing in such a manner that it
results in a joint efficiency of 0,85.

6.3 Special rating

The bodies, bonnets and covers that have been subjected to the levels of NDE specified in Clause 10 can be
used for a higher pressure/temperature rating than standard.

When a valve body or bonnet is manufactured by welding parts together, it shall only be classified as suitable
for special rating if it meets the requirements of 10.6.

6.4 Limited Class
Welding and threaded end valves in sizes DN 65 (NPS 2 %) and smaller, which are in accordance with

Annex G, may be designated as Limited Class. Ratings shall not exceed the values calculated in accordance
with Annex G.

6.5 Intermediate ratings

Any pressure/temperature ratings in either standard or special ratings, between those listed in the tables, may
be assigned to welding or threaded end valves providing all the requirement of this document are met.
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Intermediate ratings are determined by linear interpolation of tabulated values.

6.6 Flanged ratings

For valves with flanged ends, the designer shall ensure that at all points on the p/t curve the p/t rating of the valve
body and bonnet or cover within the temperature limits marked on the valve, is at least equal to the p/t rating of the
flange. When the table of p/t ratings gives a working pressure lower than that of the flanges, the designer shall
increase the wall thickness and make an interpolation.

The p/t rating of the valve with flanged ends shall be identical to the p/t rating of the flange as given in
EN 1092-1 for PN flanges and EN 1759-1 for Class flanges for the appropriate material group.

7 Temperature effects

7.1 Temperature limits

Bolted flange joints operating in the creep range or those which experience substantial thermal gradients are
subject to decreasing bolt loads as relaxation of flanges, bolts and gaskets take place. The designer shall take
into account that decreasing bolt loads reduce the capacity of the bolted joint to remain leak tight. Material
shall be used within their established limits. If no material properties are available, an individual material
assessment is required.

Some materials are suitable for temperatures below room temperature, RT but the pressure rating shall not be
greater than that given for room temperature.

7.2 Fluid thermal expansion

It is possible, in some valve designs, for sealed cavities within the valve body to be filled with liquid, for
example during hydrostatic test. If this liquid is not released, by partially opening the valve or some other
means, and it is subject to a temperature increase, excessive pressure sufficient to cause pressure boundary
failure can be generated. Where such a condition is possible, the design, installation, or operating procedures
shall assure that the pressure in the valve does not exceed that allowed in this document.

8 Dimensions

8.1 Minimum wall thickness

The wall thickness of valve bodies, at the time of manufacture and excluding all linings or liners, shall be not
less than e, as listed in Table 10 except as allowed in 8.3, 8.4 and 8.5. Intermediate values between those
listed in Table 10 may be obtained by linear interpolation. The specified thickness only applies from internally
wetted surfaces.

The thickness tabulated in Table 10 includes a 1,0 mm allowance for erosion and linear corrosion.

8.2 Inside diameter

For the purpose of determining the wall thickness, e, , of a full bore valve the inside diameter, D,, is taken as
the minimum diameter of the flow passage but not less than 90 % of the body end port inside diameter at (D,;).

For the purpose of determining the wall thickness, e, of a reduced bore valve the inside diameter, D;, is

taken as the diameter of the flow passage in the plane at a distance, ¢,,;,, from the outside surface of the body
neck as measured along the body run. See Figure 1.
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For socket welding and threaded end valves, the socket or thread diameters and associated counterbores or
tapped bores need not be taken into account in establishing the value of, D;.

For the case of valves used between high and low pressure sections of a system then the inside diameter of
the higher pressure end shall be used for D;. Local variations in bore associated with the butt weld end profile
need not be considered. Where linings or inserts of any kind are used to form the whole or part of the flow
passage, they shall be ignored when determining ep;p.

8.3 Valve body necks

Valve body necks shall maintain the minimum wall thickness, e, for a distance of 11,/ D; e, measured from
the body run along the neck direction as illustrated in Figure 1. Minimum wall thicknesses are applicable to
and measured from internally wetted surfaces.

Beyond the 11,/D: e, region, mentioned above, straight circular sections of the body necks with inside

diameter of D;’ shall be provided with a wall thickness at least equal to ¢’ where ¢’ is taken from the appropriate
(tabulated or intermediate) rating in Table 10 for an appropriate D;".

. 2D,
For B and Class designations < Class 2500 D, =TI (4)

®)

. D.' . .
For B and Class designations > Class 2500 D, = K(ZLL Class d:os(;gnatmn]

a) For the special case where D;' > 1,5 D; the wall thickness shall be = ¢’ for the entire body neck length
having inside diameter D;’, including the 11,/D; e, region.

. D, . . .
b) For the special case where, — > 4 (valve body necks having small diameter compared with the body run
i
diameter, (for example access for a butterfly stem) the minimum local wall thickness for a length L as
indicated in Figure 20 shall be = ¢' where ¢'is obtained from Table 10 using the appropriate D;' and B or
Class designation.

L=emm[1+1,1 D"j (6)

emin

Beyond the length, L valve body necks shall have a minimum local wall thickness based on D;".

c) For the case of a body neck in which holes are drilled or tapped in the body neck wall parallel to the body
neck axis, up to the point where the body-bonnet joint is affected, the sum of the ligaments at the inner
and outer sides shall be equal to or greater than e, or ¢' as applicable. The inner ligament and the
ligament at the bottom of the drilled hole shall be no less than 0,25 x e, or 0,25 x ¢’ as applicable. This
thickness shall exist from the end of the body neck for a distance along the body neck for a distance
equal to 1,5 times the hole or bolt diameter.
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Figure 1a — Section of valve body run

1V < énin

€ min € min.

2€ min.

Figure 1b — Section of valve body neck

Figure 1 — Valve body run and neck
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8.4 Local areas

Local areas having less than the minimum thickness e,,;, are acceptable providing the following conditions are
satisfied

a) The area of sub-minimum thickness can be enclosed by a circle whose diameter is no greater than
0,35./D; ey - For body necks take D; = D;

b) Measured thickness is not less than 0,75 epin.

c) Enclosed circles are separated from each other by an edge to edge distance of no less than
1,75 Di €min .

8.5 Contours at body ends
a) Butt welding ends

The weld preparation shall not reduce the body wall thickness to less than e, within a region closer to
the outside surface of the body neck than e, measured in the pipe run direction. See Figure 1. The
transition to the weld preparation shall be gradual and the section shall be essentially circular through the
length of the transition. Sharp discontinuities or abrupt changes of section shall be avoided, except test
collars or bands, either welded or integral, are allowed. In no case shall the thickness be less than
0,77 X epmin at a distance 1,33 x e, from the weld end. For acceptable transitions adjacent to the butt
welding end profile see EN 12627.

b) Socket welding and threaded ends

Bodies with socket welding and threaded ends shall have a minimum wall thickness, e, (see Figure 2)
as given in Table 4.

Table 4 — Minimum wall thickness for socket welding and threaded ends

Dimensions in millimetres

Size Class Class |Class | Class | Class | Class | Class
B16 | B20 | B25 | B40 | 300 | B63 (B100( 600 | 800 | 900 | 1500 | 2500 | 4500
DN 6 3,1 3,1 3,1 3,1 3,1 3,1 3,1 3,1 3,1 3,6 3,6 53 5,6
DN 8 3,1 3,1 3,1 3,1 3,1 3,2 3,3 3,3 3,3 41 41 6,6 7.4
DN 10 3,1 3,1 3,1 3,1 3,1 3,4 3,6 3,6 3,6 4,3 4,3 7,1 9,4
DN 15 3,3 3,3 3,3 3,3 3,3 3,6 41 4,1 41 53 5,3 81 [ 11,2
DN 20 3,6 3,6 3,6 3,6 3,6 3,9 4,3 4,3 4,3 6,1 6,1 8,7 | 13,0
DN 25 3,8 3,8 3,8 3,8 3,8 4,2 5,1 5,1 5,1 6,9 6,9 99 [ 158
DN 32 3,8 3,8 3,8 3,8 3,8 4,7 54 54 54 7,1 8,1 | 11,7 | 191
DN 40 4.1 4.1 41 41 41 5,0 5,6 5,6 5,8 7,9 89 | 13,0 | 214
DN 50 4,6 4,6 4,6 4,6 4,6 5,6 6,1 6,1 6,9 9,7 | 10,7 | 15,8 | 25,9
DN 65 5,6 5,6 5,6 5,6 5,6 6,4 7,6 7,6 79 | 104 | 125 | 18,6 | 31,0
NOTE Class 800 is not a normally tabulated Class designation but it is an intermediate Class that is widely used
for socket welding and threaded end valves.
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Figure 2 — Wall thickness, e , for socket welding and threaded ends

8.6 Additional metal thickness
Body metal thickness resulting from assembly loads, opening and closing forces of large actuators, stress
concentrations particularly in the crotch area, opening in enlarged body cavities and some types of fabricated
valves shall be provided in accordance to EN 12516-2 to ensure adequate strength and rigidity. For non
circular bodies with an ovality greater than 5 %, the required minimum wall thickness shall be verified by a
calculation in accordance to EN 12516-2. The ovality O is defined as:

0=2x (Di, max ~ Di, min )/(Di, max T Di,min)
Where D; max is the maximum diameter D;, see Figure 1

D; min is the minimum diameter D;, see Figure 1.

When using the equations of the EN 12516-2, the calculation pressure shall be taken from Table 1 and the
design stress shall be 118 N/mm?.

8.7 Bonnets, cover and connections

The bonnet, cover and the connection between the body and the bonnet or cover shall be designed in
accordance with EN 12516-2.

8.8 Wafer or flangeless valves

The wafer and flangeless valves shall be designed to conform to the applicable requirements of the flanged
valves. Wall thickness shall be determined according to Figure 20.

The required e, shall be measured from the valve body inside circumference D; out to the lesser of the valve
body outside circumference or the circumference of a circle inscribed through the inner tangent points to the
flange bolt holes.

The inner ligament, /, of either a through hole or a blind hole close to the shaft penetration shall not be less
than 25 % of the required wall thickness of body neck but in no case less than 2,5 mm.

The inner ligament, f, for holes parallel to the body run shall not be less than 0,25 e, but in no case less than
2,5 mm. The sum of the inner and outer ligaments shall not be less than e,;;,.

A ligament, j, within the minimum body wall between two adjacent holes within the minimum body wall shall be
0,25 e, or greater but not less than 2,5 mm.
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9 Auxiliary connections

9.1 General

All auxiliary connections, if required by the customer and/or the manufacturer shall be designed, fabricated
and examined to achieve the same pressure/temperature rating as the valve body itself.

Unless specified otherwise the size of auxiliary connections shall be as shown in Table 5.

Table 5 — Auxiliary connection size

Valve size Connection size
DN 50 to DN 100 DN 15
DN 125 to DN 200 DN 20

> DN 250 DN 25

9.2 Pipe thread tapping

Holes may be tapped in the wall of the valve body if the thickness is great enough to allow the minimum
effective thread length as specified in Table 6 and Figure 3. In those cases where the thickness is insufficient,
a boss shall be added as required by 9.5. The threads shall be taper/taper or parallel/parallel combinations

and no other.

Figure 3 — Thread length for auxiliary connections

Table 6 — Minimum effective thread length for auxiliary connections

20
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9.3 Socket welding

§

L 46_22222__

Figure 4 — Socket welding of auxiliary connections

Table 7 — Dimensions of socket welded auxiliary connections

Connection size DN 10 | DN15 | DN20 | DN25 | DN 32 | DN40 | DN 50
Min. dia. of socket, 4, mm 17,55 | 21,70 | 27,05 | 33,80 | 42,55 | 48,65 | 61,10
Min. depth of socket, B, mm 4,8 4,8 6,4 6,4 6,4 6,4 7.9

Aucxiliary connections may be socket welded to the valve body providing the requirements of Table 7 and
Figure 4 are satisfied. In those cases where the thickness is insufficient, a boss shall be added as required by
9.5. A single fillet weld is permitted. The width of the fillet weld shall be not less than 1,09 x pipe wall thickness
or 3 mm.

9.4 Butt-welding

S
|
|
|
+-

Figure 5 — Butt welding of auxiliary connections
Auxiliary connections may be butt welded directly to the surface of the valve body as shown in Figure 5 if no

reinforcement is necessary. Where required, reinforcement shall be made for openings in the body according
to 9.5 for opening of diameter larger than 25 mm.
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9.5 Bosses

Figure 6 — Bosses for auxiliary connections

Table 8 — Minimum diameter of bosses for auxiliary connections

Connection size DN10 | DN15 | DN20 | DN25 | DN32 | DN40 | DN 50
Diameter of boss, J 31,8 38 45 54 64 70 86

If bosses are required to satisfy the requirement of 9.2, 9.3 or 9.4 the diameter shall be not less than that
shown in Figure 6 and Table 8.

10 Requirements for special rating

10.1 General
This section defines non-destructive examination (NDE) requirements and the rules for defect removal and

repair for cast, forged, rolled, wrought and fabricated valve bodies and bonnets or covers, which are pressure
retaining parts, intended for use in special rated valves.

10.2 Required examination

All the required examinations are to be carried out on the cast, forged, rolled, wrought or fabricated material
after the heat treatment required by the material specification. This may be before or after the finish machining
at the option of the manufacturer. Surfaces shall be clean and in a condition, that does not mask unacceptable

indications. Accessible surfaces, as referred to in 10.3.3, do not include threads, drilled or threaded holes, for
example, for bolting, packing, stems, or auxiliary connections.

10.3 Castings

10.3.1 General requirements

For volumetric inspection of castings, the requirements and acceptance standards of the Annex B or Annex E
are applicable.

Welding ends of all castings shall be radiographically tested [see 10.3.2 a) 1)].
For the volumetric inspection (not including welding ends) two methods can be used.
a) Single part inspection
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Each casting to be inspected to the requirements of 10.3.2.
b) Sampling method
1) Sampling criteria

Castings for which a pilot lot has been produced shall be subjected to the extent of examination
specified in Table 9 dependent on the results of the examination from the pilot Iot.

Table 9 — Sampling criteria for castings produced using sampling method

Results from pilot lot * Extent of examination of acceptance batch °

All zones in all castings in the acceptance batch where
imperfections were detected in the pilot lot, plus an internal
soundness check of samples numbering 10 % of an
acceptance batch, with a minimum of three.

Pilot lot unsatisfactory.

Internal soundness check of samples numbering 10 % of an

Pilot lot satisfactory. acceptance batch, with a minimum of three.

Pilot lot complies with at least one | Internal soundness check of samples numbering 3 % of an
level higher than that required. acceptance batch, with a minimum of one.

All castings comprising the acceptance batch should be presented for testing purposes. Where the
results of the check of internal soundness are unsatisfactory for one or more castings taken at random,
the defective zone(s) of all castings making up the delivery shall be subjected to radiographic inspection.

a

All checks shall be carried out prior to any production weld repairs.

2) Prototype

For the purposes of this document, a prototype is the first casting produced under the conditions
specified for series production and on which no production welds repairs are made until the results
of non-destructive testing are established.

3) Pilot lot

A pilot lot comprises a representative number of castings (5 to 10) which are produced under
specified conditions and on which no weld repairs are made and for which a satisfactory prototype
casting has been produced. Each casting to be inspected to the requirements of 10.3.2.

4) Acceptance batch

An acceptance batch comprises all the castings that were produced under specified conditions and
presented for testing. When an acceptance batch is made from different casts, castings from each
cast shall be tested. Each selected sample shall be inspected to the requirements of 10.3.2.

10.3.2 Volumetric inspection requirements

The normal method for volumetric inspection is radiographic examination. For larger wall thickness, ultrasonic
examination is allowable. The areas for ultrasonic examination are the same as those to be radio graphically
examined (see 10.3.2).

Body, bonnet or cover sections requiring radiography are as given below and shown typically in Figure 7 to
Figure 19. The distance 4 over which film coverage is required, is expressed in multiples of e, where e, is
the minimum wall thickness requirement. The value of 4 is intended to be the greater of 3 x e, or 70 mm. It
should be recognised that the minimum dimension may not always be achievable and in these cases 4 may
be reduced to a practical maximum. Small variations in coverage are permitted when necessary to
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accommodate standard film sizes. The radiographic procedures and acceptance standards are to be in
accordance with Annex B.

a) Body:

1) a band around each weld end the greater of 3 x ¢;;;, or 70 mm wide measured from the tip of the
finished butt-weld end profile;

2) aband around the bonnet neck the greater of 3 x e,,;, or 70 mm wide measured either from the top of
the body in the case of a pressure sealed bonnet or from the back of the flange in the case of a
bolted bonnet;

3) aband in the area of the junction between the seat and body shell having a width equal to or greater
of 3 xemp, or 70 mm and encompassing a girth extending between the fillets of the intersecting
section, (e.g., 210 degrees in the case of Figure 7, Figure 8, Figure 9, Figure 11, Figure 12 and
Figure 18, and 60 degrees each side in the case of Figure 14).

b) Bonnet

A band, whose width is as near as is practical to the greater of 3 x ¢;;;, or 70 mm, in the area of the
junction of the stuffing box with the bonnet, closure plate or flange.

c) Cover
1) volumetric examination is not required for flat covers with or without raised faces;

2) for dished covers, a band in the vicinity of the junction between the dished and flanged sections
having a width equal to the greater of 3 x e,,;, or 70 mm.

10.3.3 Surface examination

All exterior and accessible interior surfaces of bodies, bonnets and covers shall be given a surface
examination. Group 1C1 to 1C14 and 1E0 to 9EO materials in Tables 11 and 13 shall be given either a
magnetic particle examination or a liquid penetrant examination. Other materials shall be given a liquid
penetrant examination. Magnetic particle examinations shall be in accordance with the procedure and
acceptance standards in Annex C. Liquid penetrant examinations shall be in accordance with the procedure
and acceptance standards in Annex D.

10.4 Forgings, bars, plates and tubular products

The following areas shall be ultrasonically examined in accordance with procedure and acceptance standards
in Annex E or radiographically examined in accordance with procedure and acceptance standards in Annex B.

a) Body — cylindrical sections at pipe ends and body neck:

1) band around each weld end the greater of 3 X ¢;,;, or 70 mm wide measured from the tip of the
finished butt-weld end profile;

2) band around the bonnet neck the greater of 3 x ¢,,;, or 70 mm wide measured either from the top of
the body in the case of a pressure sealed bonnet or from the back of the flange in the case of a
bolted bonnet;

3) band in the area of the junction between the seat and body shell having a width equal to or greater of
3 X enmn or 70 mm and encompassing a girth extending between the fillets of the intersecting section,
(e.g., 210 degrees in the case of Figure 7, Figure 8, Figure 9, Figure 11, Figure 12 and Figure 18,
and 60 degrees each side in the case of Figure 14).
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Surface examination is required for all materials in accordance with 10.3.3.
b) Bonnet — ring section excluding stuffing box and yoke arms;
c) Cover:
1) volumetric examination is not required for flat covers with or without raised faces;

2) for dished covers, a band in the vicinity of the junction between the dished and flanged sections
having a width equal to or greater than 3 x ep;, or 70 mm. If, during the examination, ultrasonic
indications are non interpretable due to grain size, the material shall be radiographed using the
procedure requirements of Annex B.

10.5 Drop forgings

For drop forged bodies, bonnets and covers for valves DN 65 and smaller volumetric examination is not
necessary. Due to the forging process, no discontinuities appear inside drop forgings. It is important that
subsequent heat treatment is carried out appropriately.

Surface examination is required for all materials in accordance with 10.3.3.

10.6 Welded fabrication

Bodies and bonnets made by welding together components made from castings, forgings, bars, plates, tubular
products or drop forgings in any combination, shall be examined, as applicable, by the methods in 10.3.2 and
10.3.3 for cast components, or 10.4 or 10.5 and 10.3.3 for forged, rolled or wrought components. In addition,
all fabrication welds shall receive non-destructive examination in accordance with the EN 12517, in such a
manner that results in a joint efficiency of 1,0. (These requirements are not applicable to welds such as
backseat bushings, seat rings, lifting lugs, and auxiliary connections).

10.7 Defect removal and repair

10.7.1 Defect removal

Defects in excess of acceptance standards shall be removed by suitable means. If removal of surface defects
to an acceptable level does not result in a wall thickness below an acceptable value, the area shall be blended
smoothly into the surrounding surface.

10.7.2 Repair by welding

Where defect removal results in a wall thickness below an acceptable value, the resulting cavity may be
repaired by welding, provided that:

a) the welding procedures and welding operator are qualified in accordance with EN 287-1 and EN ISO
15607;

b) the repaired area is re-examined by the NDE method which originally disclosed the defect. The
re-examination by magnetic particle or liquid penetrant methods of a repaired area originally disclosed by
magnetic particle or liquid penetrant examination shall be performed after post weld heat treatment when
post weld heat treatment is performed. The re-examination by radiography or ultrasonic methods of a
repaired area originally disclosed by radiography or ultrasonic examination may be performed before or
after post weld heat treatment when post weld heat treatment is performed. The acceptance standards
shall be as in the original examination.
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11 End dimensions

11.1 Flanged ends

The dimensions of flanged ends shall be in accordance with EN 1092-1 for PN flanges and EN 1759-1 for
Class flanges.

11.2 Butt welding ends

The dimensions of the butt welding end and the transition from this end to the valve body shall be in
accordance with EN 12627.

11.3 Socket welding ends

The dimensions of socket welding ends shall be in accordance with 8.5 b).

11.4 Threaded ends

Threaded ends shall have a minimum wall thickness as specified in Table 4 and Figure 2. Threaded joints
shall be either taper/taper or parallel/parallel combinations and no other.

11.5 Intermediate rated socket welding and threaded ends

The minimum thickness for intermediate rated socket welding and threaded ends may be determined by linear
interpolation of the data given in Table 4.

12 Marking

12.1 Standard rating valves

For butt welding end, socket welding end and threaded end valves with B designations the marking shall
comprise the letter B and the appropriate B designation number e.g. B100. This marking shall be in place of
item 2 of EN 19. All other marking shall be in accordance with EN 19.

All flanged end PN and Class designated valves shall be marked in accordance with EN 19.

12.2 Special rating valves

In addition to the requirements of EN 19 the body shall be marked with the letters SPL or Special to indicate a
valve which is designated Special.

12.3 Limited Class valves

In addition to the requirements of EN 19 the body shall be marked with the letters LTD or Limited to indicate a
valve which is designated Limited.

12.4 Intermediate rating valves

According to the requirements of EN 19 the body of Intermediate rating shall be marked with PS and TS (item
7 and 9 from EN 19) instead of the B or Class designation.
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Figure 7 — Typical casting section showing required radiographic examination
of gate valve body and bonnet (pressure seal bonnet)
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Figure 8 — Typical casting section showing required radiographic examination
of gate valve body and bonnet (flanged bonnet)
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Figure 9 — Typical casting section showing required radiographic examination
of Y pattern globe valve body and bonnet (pressure seal bonnet)
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Figure 10 — Typical casting section showing required radiographic examination
of globe valve body (flanged bonnet)
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Figure 11 — Typical casting section showing required radiographic examination
of angle valve body (pressure seal bonnet). Bonnet same as Figure 9.

Figure 12 — Typical casting section showing required radiographic examination
of elbow down valve body (pressure seal bonnet)
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Figure 13 — Typical casting section showing required radiographic examination
of butterfly valve body

Figure 14 — Typical casting section showing required radiographic examination
of plug valve body
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Figure 15 — Typical casting section showing required radiographic examination
of conduit gate valve body (pressure seal bonnet)

Figure 16 — Typical casting section showing required radiographic examination of dished cover
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Figure 17 — Typical casting section showing required radiographic examination of flat cover
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Figure 18 — Typical casting section showing required radiographic examination
of top-entry ball valve body
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Figure 19 — Typical casting section showing required radiographic examination
of ball valve body
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1 Blind axial hole other than flange bolt holes
2 Radial hole

3  Blind axial hole

4  Shaft bore

Figure 20 — Butterfly valve body
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