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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards 
bodies (ISO member bodies). The work of preparing International Standards is normally carried out 
through ISO technical committees. Each member body interested in a subject for which a technical 
committee has been established has the right to be represented on that committee. International 
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work. 
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of 
electrotechnical standardization.

The procedures used to develop this document and those intended for its further maintenance are 
described in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the 
different types of ISO documents should be noted. This document was drafted in accordance with the 
editorial rules of the ISO/IEC Directives, Part 2 (see www​.iso​.org/​directives).

Attention is drawn to the possibility that some of the elements of this document may be the subject of 
patent rights. ISO shall not be held responsible for identifying any or all such patent rights. Details of 
any patent rights identified during the development of the document will be in the Introduction and/or 
on the ISO list of patent declarations received (see www​.iso​.org/​patents).

Any trade name used in this document is information given for the convenience of users and does not 
constitute an endorsement.

For an explanation of the voluntary nature of standards, the meaning of ISO specific terms and 
expressions related to conformity assessment, as well as information about ISO's adherence to the 
World Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT), see www​.iso​.org/​
iso/​foreword​.html.

This document was prepared by Technical Committee ISO/TC 67, Materials, equipment and offshore 
structures for petroleum, petrochemical and natural gas industries, Subcommittee SC 6, Processing 
equipment and systems, in collaboration with the European Committee for Standardization (CEN) 
Technical Committee CEN/TC 12, Materials, equipment and offshore structures for petroleum, 
petrochemical and natural gas industries, in accordance with the Agreement on technical cooperation 
between ISO and CEN (Vienna Agreement).

This second edition cancels and replaces the first edition (ISO 27509:2012), which has been technically 
revised. It also incorporates the Technical Corrigendum ISO 27509:2012/Cor.1:2013. The main changes 
compared to the previous edition are as follows:

—	 Annexes B and D (Annex E in previous edition) have become normative annexes;

—	 more stringent quality requirements regarding manufacture of products and assembly instructions 
have been introduced. These include

a)	 ultrasonic testing of products in accordance with new requirements in ASME VIII div. 2 (in 
Clause 7),

b)	 requirements to material strength and machining strictly in accordance with given tolerances 
for IX seal rings (in Clause 12),

c)	 new and better coating requirements for IX seal rings (in Clause 13 and Annex D),

d)	 excluding use of IX seal rings to assist alignment by transfer of significant shear load during 
assembly (in Annex D),

e)	 more comprehensive and detailed guidelines on the evaluation of damages to products and the 
repair of such damages (in Annex D),

f)	 more comprehensive requirements to qualification of bolt tensioning procedures (in Annex D), 
and
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g)	 the elastoplastic deformation of flanges by first assembly has been better explained in 5.3 
and in Annex D, in order to prevent unnecessary re-machining or rejection when flange bevel 
angles have changed.

Any feedback or questions on this document should be directed to the user’s national standards body. A 
complete listing of these bodies can be found at www​.iso​.org/​members​.html.
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Introduction

This document, which is originally based on NORSOK L-005, has been developed to provide an 
International Standard for compact flanged connections that constitutes an alternative to conventional 
flanges as specified in ASME standards, European standards and other standards, with reduced mass 
and smaller overall dimensions, as well as increased reliability in leak tightness by means of its inherent 
design features and make up procedures. CFCs can also provide an alternative to other types of clamp 
and hub type mechanical connectors.

The use of load carrying sealing elements, traditionally referred to as "gaskets", does not conform with 
the requirements of this document.

This document has been developed for use in process piping systems, which are designed in accordance 
with codes for pressure piping, e.g. ASME B31.3. See 5.7 for more details.

The flange designs have been selected to achieve a minimum safety factor of 2,0 when subjected to a 
design pressure equal to ASME B16.5 pressure temperature ratings within the temperature limits of 
this document.

The main body of this document contains all necessary information on how to manufacture and supply 
flange and seal ring materials, such as

—	 flange dimensions and material requirements,

—	 seal ring dimensions and material requirements,

—	 bolting dimensions and material requirements,

—	 requirements to tolerances and surface finish, and

—	 requirements to designation and marking of finished products.

Annexes A, B, C and D cover the following topics:

—	 structural capacity equations for flange assemblies;

—	 how to apply the flanges to special geometries of valves and equipment nozzles;

—	 bolt dimensions and masses;

—	 installation and assembly instructions, and guidelines on how to repair damage and irregularities 
on sealing surfaces.

Annexes E, F and G cover the following topics:

—	 masses of all standard components;

—	 suitable dimensions of alternative metric bolting;

—	 additional information on bibliographical references.

In this document, the following verbal forms are used:

—	 "shall" indicates a requirement;

—	 "should" indicates a recommendation;

—	 "may" indicates a permission;

—	 "can" indicates a possibility or a capability.
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Petroleum and natural gas industries — Compact flanged 
connections with IX seal ring

1	 Scope

This document specifies detailed manufacturing requirements for circular steel and nickel alloy 
compact flanged connections and associated seal rings, for designated pressures and temperatures 
in class designations CL 150 (PN 20) to CL 1500 (PN 260) for nominal sizes from DN 15 (NPS ½) to 
DN 1200 (NPS 48), and for CL 2500 (PN 420) for nominal sizes from DN 15 (NPS ½) to DN 600 (NPS 24).

NOTE	 NPS is expressed in accordance with ASME B36.10M and ASME B36.19M.

This document is applicable to welding neck flanges, blind flanges, paddle spacers and spacer blinds 
(paddle blanks), valve/equipment integral flanges, orifice spacers, reducing threaded flanges and rigid 
interfaces for use in process piping for the petroleum, petrochemical and natural gas industries.

This document is applicable within a temperature range from −196 °C to +250 °C.

This document is not applicable for external pressure.

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.

ISO 2768-1, General tolerances — Part 1: Tolerances for linear and angular dimensions without individual 
tolerance indications

ISO 4287, Geometrical Product Specifications (GPS) — Surface texture: Profile method — Terms, definitions 
and surface texture parameters

ISO  4288, Geometrical Product Specifications (GPS)  — Surface texture: Profile method  — Rules and 
procedures for the assessment of surface texture

ISO 5167-1, Measurement of fluid flow by means of pressure differential devices inserted in circular cross-
section conduits running full — Part 1: General principles and requirements

ISO 5167-2:2003, Measurement of fluid flow by means of pressure differential devices inserted in circular 
cross-section conduits running full — Part 2: Orifice plates

ISO 14313, Petroleum and natural gas industries — Pipeline transportation systems — Pipeline valves

ISO 80000-1:2009, Quantities and units — Part 1: General

EN 1591-4, Flanges and their joints — Part 4: Qualification of personnel competency in the assembly of the 
bolted connections of critical service pressurized systems

EN 1779, Non-destructive testing — Leak testing — Criteria for method and technique selection

ASME B16.5, Pipe Flanges and Flanged Fittings: NPS 1/2 through NPS 24 Metric/Inch Standard

ASME B16.34, Valves — Flanged, Threaded and Welding End

ASME B1.20.1, Pipe Threads, General Purpose (Inch)

ASME B31.3:2018, Process Piping

INTERNATIONAL STANDARD� ISO 27509:2020(E)
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ASTM B568, Standard Test Method for Measurement of Coating Thickness by X-Ray Spectrometry

ASTM B571, Standard Practice for Qualitative Adhesion Testing of Metallic Coatings

ASME VIII Div. 2: Boiler and Pressure Vessel Code — Alternative Rules 

3	 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
class
CL
pressure class in accordance with specific values

Note 1 to entry: The values shall be in accordance with ASME B16.5 and ASME B16.34

3.2
compact flanged connection
CFL
non-gasketed bolted static pipe connection including two flanges and where the bolt loads are 
transferred through metal to metal contact between the flange faces

3.3
gasket
barrier to prevent the passage of fluids, but which does transmit all loads between flanges

3.4
purchaser
individual or organization that buys the pipe connection on behalf of the user and/or operator or for 
its own use

3.5
seal ring
component providing a barrier to prevent the passage of fluids, transmitting no significant loads 
between the flanges

3.6
supplier
individual or organization that takes the responsibility for the supply of the pipe connection

4	 Abbreviations and symbols

4.1	 Abbreviated terms

BL blind flange

DN nominal pipe diameter (expressed in millimetres)

ID internal diameter

IF integral flange (as part of some other equipment or component)
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IX special metallic seal ring applied in this document

LB line blinds (including PS and PB)

NPS nominal pipe size (expressed in inches)

OD outer diameter

OS orifice spacer

PB paddle blank

PN nominal pressure (expressed in bar)

PS paddle spacer

PTFE polytetrafluoroethylene

RI rigid interface

RT reducing threaded flange

WN weld neck

4.2	 Symbols

A outside diameter of neck

Amax maximum outer diameter to accommodate standard tools

Amin minimum neck outer diameter listed in Table 7 to Table 12

AC015 cross-sectional area of the neck/pipe calculated from t015

ACeqv cross-sectional area of a special flange neck geometry calculated from Formula (B.1)

ACb total cross-sectional area of bolting, based on root area

AT hub diameter of reducing threaded flange

a maximum allowable alignment gap between mating flanges (see Figure D.4)

aCb bolt root area

B bore diameter, where the bore should not exceed the maximum listed bore in this document

Bmax maximum listed bore diameter

Bmin minimum bore diameter for which the face angles are valid

B1 minimum bore diameter for flange to be blinded

NOTE	 B1 is also the start diameter for blind and reducing threaded flange face angles.

BCD bolt circle diameter

dB bolt size (nominal bolt diameter)

dn effective contact diameter of nut face (average between width of cross flats and diameter 
of bolt hole)

﻿
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dp average diameter of neck end = (A+B)/2

dt effective (mean) contact diameter of bolting threads

DA1 internal diameter of groove

DA3 outer diameter of groove

DGn seal ring seal dimension (see Figure 13)

DW1 inner recess diameter

DW2 outer recess diameter

DW3 outside diameter of flange

DW4 flange to neck fillet outer diameter

e radial distance between BCD and dp

E1 depth of groove

E2 depth of recess

FA applied axial force

FcB bolt total plastic capacity (root area × number of bolts × yield strength)

Ff flange axial load capacity without effect of bolt prying

Ffp flange axial load capacity including the effect of bolt prying

FEnd end cap force calculated to seal ring seal diameter

FP required bolt preload

FR resulting force from external tension force FA and external bending moment MA

fy flange material yield strength at temperature

fyb bolt material yield strength at temperature

HGn seal ring seal dimension (see Figure 13)

HP1 thickness of PB, PS and OS

HW3 flange thickness

HW5, HT5 overall length

L bolt hole diameter

L1, L2, L3 bolt hole depths (see Figure 5 and Table 22)

l clear bolt length between engaged threads with the nuts

MA applied bending moment

n number of bolts

Pt thread pitch of bolting
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p internal pressure in N/mm2

R Radius

RC radius (maximum value tabulated)

RV1 neck to flange ring radius on integral flanges

T torque applied to the bolt

t pipe wall thickness

tmin minimum neck thickness that can be used which is defined by the standard pipe outer 
diameter, A, and maximum listed bore diameter, Bmax.

tmax maximum neck thickness that can be used which is defined by Amax and the minimum 
listed bore diameter

t015 wall thickness giving the smallest possible face angle (0,15°)

teqv equivalent wall thickness calculated from ACeqv over HW5

Wf Warping moment capacity of flange

X half major ellipse axis

Y half minor ellipse axis

αA2 groove angle

αB1 flange face bevel angle

αB2 effective face angle/rear face bevel angle

Δ fraction of the initially applied pre-stress lost in transfer of bolt load from tension tool 
to the nut

ψ flange utilization ratio

μn coefficient of friction of nut bearing surface

μt coefficient of friction of bolting threads

5	 Design

5.1	 General

CFCs shall:

a)	 be designed for face-to-face make-up for transfer of the bolt loading through the flange faces;

b)	 be designed so that a static mode is maintained in the bolted joint up to 1,5 times the specified 
pressure/temperature rating, see 8.2. Static mode is maintained as long as the difference between 
maximum and minimum nominal stress sustained by the bolts in the joint does not exceed 5 % of 
the minimum values specified in Table 3;

c)	 be standardized to cover as a minimum the same pressure temperature class designations and 
sizes as can be found in ASME B16.5 with equal or better performance;

﻿
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d)	 be standardized to fit with commonly used standards by the valve industry [e.g. ASME B16.34, 
ISO  14313 and EN  12516 (all parts)], and other valve standards which make reference to these 
standards for pressure design;

e)	 conform with the applicable requirements in the piping or pressure vessel code agreed between 
the supplier and the purchaser.

The weakest part of flanged connections in accordance with this document regarding fatigue failure 
is always located somewhere in the transition from flange to pipe or flange to nozzle neck of an 
equipment or valve. The bolted joint itself is never subjected to fatigue load if considerations to cycling 
temperatures are taken when selecting bolt material, see 7.3.

Supplier specific CFCs may refer to this document when additional requirements to the minimum 
requirements specified in this document are agreed between purchaser and supplier. The intension is 
to allow alternative and additional designs to the products in this document without compromising any 
of the listed items a), b) and e) in this subclause as well as the requirements of 8.1 and 8.3.

5.2	 Design principles

Figure 1 shows the design principles of compact flanges and its seal system in accordance with this 
document.

The flange face includes a slightly convex bevel with the highest point, called the heel, adjacent to the 
bore and a small outer wedge around the outer diameter of the flange. The assembly is made up by 
tightening/tensioning the flange bolting which pulls the two connector halves together. The bevel 
angles have been standardized for different and relevant adjoining pipe wall thicknesses for each 
welding neck flange of a given size and pressure class.

For the IX seal ring, axial forces are exerted on the taper of the metal seal ring and translated into a 
radial sealing force. Furthermore, with increased pre-load, the bevel is closed and face to face contact 
is achieved at the outer wedge while most of the bolt pre-load is transferred as compressive forces 
between the flange faces at the heel, as illustrated in Figure 1. The arrows in the figure indicate the 
applied forces/pressure and the contact forces after make-up and during normal operation.

﻿
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a) Before assembly b) Completed assembly c) Design loads

Key
1 wedge 6 weld neck flange
2 stud 7 bolt clamping force
3 nut 8 hydrostatic end force plus external loads
4 IX seal ring 9 fluid pressure
5 heel

Figure 1 — Design principles of standard compact flange assemblies

The principle design of the flange face includes two independent seals, which are based on different 
principles, a force controlled heel seal, and a displacement controlled seal provided by the seal ring. 
The first seal is created by application of seal seating stress at the flange heel. However, an undamaged 
flange heel might not seal at any extreme load condition, but the heel contact will be maintained for 
pressure values up to 1,5 times the flange pressure rating at room temperature for any combination 
of WN flange and a corresponding pipe within given limits of pipe wall thicknesses in tables of 
dimensions. This requirement is only applicable when the WN thickness fulfils the code requirement 
for minimum pipe wall thickness for the actual material. The main seal is the IX seal ring. The seal 
ring force is provided by the elastic stored energy in the stressed seal ring. Any heel leakage will give 
internal pressure acting on the seal ring inside intensifying the sealing action.

The design aims at preventing exposure to oxygen and other corrosive agents in the way that adjoining 
flanges remain in contact along their outer circumference for all allowable load levels. Thus, this 
prevents corrosion of the flange faces, the stressed length of the bolts and the seal ring.

The back face of the flange in the made-up position is parallel to the flange face in order to prevent 
bending of the bolts in the assembled condition.
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5.3	 Assembly requirements

In order to conform with the design principles as described in 5.2, the flanged connections shall be 
assembled to target bolt loads in accordance with Table 1. See Annex D for detailed guidelines on how 
to assemble compact flanges.

Compact flange IX seal rings require sufficient flexibility to enable seal ring size entrance and removal. 
The required spacing shall be considered during piping design and layout to ensure necessary flexibility 
in the piping systems

The flange dimensions can be checked in accordance with the tolerances in Table 29. Note that the flange 
gap at DW3 defined by angle αB2 can change after the first assembly. This is because the flange angles 
are standardized and can be changed by plastic deformation to a more optimal value through shake 
down to elastic conditions, by the first assembly. Such local plastic deformations have no influence on 
further flange functionality and shall not be a reason for flange face re-machining request or flange 
rejection. See Annex D for further guidelines on evaluating flange dimensions in the field.

Table 1 — Target residual preload for bolt materials used to assemble compact flanges to this 
document

Stud bolt size
in

Target residual preload
kN

½-UNC 44
⅝-UNC 71
¾-UNC 106
⅞-UNC 147
1-UNC 193

1 ⅛-8UN 255
1 ¼-8UN 325
1 ⅜-8UN 405
1 ½-8UN 492
1 ⅝-8UN 589
1 ¾-8UN 693
1 ⅞-8UN 807

2-8UN 929
2 ¼-8UN 1 199
2 ½-8UN 1 503
2 ¾-8UN 1 667

3-8UN 2 004
3 ¼-8UN 2 373
3 ½-8UN 2 773
3 ¾-8UN 3 204

4-8UN 3 666
NOTE   See Table F.1 for equivalent using the metric system.

5.4	 Standard components

The types of flanges covered by this document are given in Table 2.
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Table 2 — Types of flanges and accepted raw material forms for manufacture

Type Description Raw material product forms
WN Weld neck flange Forged to shape
BL Blind flange Plate or forged to shape
IF Integral flange as part of some other equipment 

or component
Forging, forged bar (maximum DN 50) or casting

RI Rigid interface as part of some other equipment 
or component

Plate, forging or casting

PB Paddle blank Plate or forged to shape
PS Paddle spacer Plate or forged to shape
OS Orifice spacer Plate or forged to shape
RT Reducing threaded flange Plate or forged to shape

5.5	 Units of measurements

In this document, data are expressed in both SI units and USC units. For a specific order item, unless 
otherwise stated, only one system of units shall be used, without combining data expressed in the 
other system.

For data expressed in SI units, a comma is used as the decimal separator and a space is used as the 
thousands separator. For data expressed in USC units, a dot (on the line) is used as the decimal separator 
and a comma is used as the thousands separator.

5.6	 Rounding

Except as otherwise required by this document, to determine conformance with the specified 
requirements, observed or calculated values shall be rounded to the nearest unit in the last right-
hand place of figures used in expressing the limiting value, in accordance with the rounding method of 
ISO 80000-1:2009, Annex B, Rule A.

5.7	 Conformance with piping design codes

Although not listed as a component standard in ASME B31.3, all components contained in this 
document fulfil the requirements for unlisted piping components in ASME B31.3. This is based on full 
conformance:

a)	 The service experience requirement is fulfilled because this type of CFC has been widely used in 
the North Sea since 1990. The service experience covers the complete size range covered by this 
document.

b)	 The experimental stress analysis requirements is fulfilled since a number of tests on strain gauged 
test specimens have been run over the years. Reference is made to References [40] to[43], [50], [51] 
and [52].

c)	 The proof test requirements are fulfilled since a number of pressure tests have been performed 
over the years. In addition to tests referenced under (b), reference is made to References [38], [44] 
and [45].

d)	 Compact flanges according to this document was originally developed and designed using the 
design by analysis method to pre 2007 issue of ASME VIII div.2, appendix 4 and appendix 6. Specific 
requirements may apply to components designed by analysis, depending on the applied piping 
design code. Such requirements normally include impact testing at a defined temperature relative 
to the minimum design temperature and a specified extent of non-destructive testing.
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5.8	 Conformance with this document

The manufacturer shall be responsible for conforming with all of the applicable requirements of this 
document. It shall be permissible for the purchaser to make any investigation necessary in order to be 
assured of conformance by the manufacturer and to reject any material that does not conform.

6	 Designation

6.1	 Designation of flanges

The flanges shall be designated with the following information (based on guidance in EN 1092-
1:2018, 4.2):

a)	 flange type abbreviation in accordance with Table 2;

b)	 reference of this document, i.e. ISO 27509;

c)	 nominal flange size (DN);

d)	 pressure class designation;

e)	 pipe dimensions:

—	 for standard pipes, the wall thickness in mm to one decimal accuracy;

—	 for non-standard pipes, the pipe bore and wall thickness.

f)	 material designation.

The designation elements shall be separated by a slash. The number of characters is not fixed.

Examples of designation are given below:

EXAMPLE 1	 Designation of WN flange in CL 600, nominal size DN 250 with pipe schedule 40S, i.e. 9,3 mm wall 
thickness and material ASTM A182F51 (duplex):

	 WN/ISO 27509/DN250/CL600/9,3/A182F51

EXAMPLE 2	 For designation of a BL flange in CL 2500, nominal size DN 200 and with material ASTM A516 
Grade 70 (low temperature carbon steel):

	 BL/ISO 27509/DN200/CL2500/A516Grade70

EXAMPLE 3	 Designation of an RT flange in CL900, nominal size DN 25, threaded outlet specified (0,5 inch NPT 
is default, see 9.9), and with material ASTM A182F316 (stainless steel):

	 RT/ISO 27509/DN25/CL900/0,5”NPT/A182F316

6.2	 Designation of seal rings

The IX seal ring shall be designated as described below:

a)	 reference of this document, i.e. ISO 27509;

b)	 type - and ring size - IX and the appropriate DN;

c)	 material designation.

The designation elements shall be separated by “/” (slash). The number of characters is not fixed.

EXAMPLE	 Designation of an IX seal ring for DN 250 and material ASTM A182F51 (Duplex):

	 ISO 27509/IX250/A182F51
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7	 Materials

7.1	 General

Criteria for the selection of materials suitable for a particular fluid service are not part of this document.

7.2	 Flange materials

Flanges covered by this document shall be made from base material product forms as listed in Table 2. 
The standardized bevel angle as described in 5.2 is applicable for steel and nickel alloys, which are 
covered in this document.

It is assumed that the flange material has a Young's modulus in the range 190 000 MPa to 210 000 MPa 
at room temperature. Minimum specified yield strength for flanges to this document is  205  MPa at 
room temperature. For flanges with HW3 > 150 mm, the minimum specified yield strength is 300 MPa.

The elliptical transition between flange ring and flange neck of WN flanges, and the corresponding 
crotch transition of IF flanges shall be subject to 100 % surface examination irrespective of flange 
material. Examination method and acceptance criteria shall be in accordance with standards referenced 
in the applied Piping Design Code.

Materials shall be ultrasonically tested in accordance with ASME VIII div. 2. This requirement is 
applicable to all flange components made from forgings, forged bars and plates.

Cast flanges shall be non-destructive tested to conform with casting factor used in calculations to 
determine performance. In general, cast flanges used as IF should be examined by 100 % surface and 
volumetric control in order to obtain a casting factor of 1,0, and thus obtaining the minimum pressure 
and temperature ratings stated in 8.2. Examination and acceptance criteria shall be agreed between 
purchaser and manufacturer, but sealing surfaces shall satisfy requirements in 9.12.

Test samples for certification testing required by the material standard, shall be taken from the flange 
ring transverse to the dominant grain flow direction, or alternatively in both axial (weld neck) and 
tangential (flange ring) direction relative to internal bore.

No repair welding is accepted in the elliptical transition for the WN flange (see Figure  2, and the 
indicated number "1") as well as in the crotch radius for the IF (see Figure 4, "RV1") manufactured in 
line with this document.

7.3	 Bolting materials

The minimum bolt yield strength at temperature shall be in accordance with Table  3. Linear 
interpolation can be used to calculate minimum yield strength for intermediate temperatures.

Table 3 — Minimum bolt yield strength as function of maximum design temperature, Tdes

Bolt  
nominal  

diameter, dB

Tdes ≤ 20 °C Tdes = 50 °C Tdes = 100 °C Tdes = 150 °C Tdes = 200 °C Tdes = 250 °C

d ≤ 2 ½” 725 MPa 713 MPa 672 MPa 648 MPa 632 MPa 613 MPa
2 ½” < d ≤ 4” 655 MPa 645 MPa 607 MPa 586 MPa 569 MPa 555 MPa

Bolt pre-load requirements described in Table  1 are based upon these requirements and so are the 
flange face angles and groove dimensional details.

Nuts shall have sufficient strength to carry 100 % of the bolt capacity defined by the specified minimum 
yield strength as listed above, and the thread stress area. For imperial bolting, heavy hex nuts to 
ASME B18.2.2 shall be used. For metric bolting, heavy hex nuts to ASME B18.2.4.6M shall be used.

Thread tolerances shall be considered in the nut strength evaluation.
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Imperial or metric standard bolts threaded at both ends or full length may be used. Hex nuts with a 
minimum height equal to one nominal bolt diameter shall be used. The choice of bolt thread standard 
can affect assembly and bolt preloading procedures. Annex D is based on imperial bolting dimensions, 
while Annex F describes which metric bolts to choose for replacing the listed imperial bolts.

The effects of differential thermal expansion and bolt relaxation could affect the functionality of the 
joint up to loss of preload. Care shall be taken by selecting an appropriate bolt material for the above 
effects. Within the maximum temperature limits of this document, it is acceptable to use low alloy steel 
bolting in combination with austenitic stainless steel flange materials. In such applications, washers 
shall be applied under the nuts in order to avoid indenting the nut into the flange which would cause 
loss of pre-load.

Washers shall be in same or equivalent grade of material as the nuts and should be through hardened.

Relaxation is not regarded to be of any importance for this flange standard since the maximum 
design temperature is 250 °C. A margin of 5 % points was used on bolt pre-load when documenting 
the flange standard to the functionality requirements in Clause 5, meaning the FEAs were performed 
with 70 % bolt yield as pre-load over the 75 % specified as target residual pre-load in Table 1. The 5 % 
point reduction was applied to account for uncertainties in pre-loading procedures and any long-term 
relaxation.

Non-destructive examination of bolts and nuts shall be in accordance with ASME VIII div.2.

If super duplex bolting is used, the pre-loading method should be qualified to ensure that the average 
total residual pre-load is achieved. The procedure of Annex  D.11 shall be followed. The particular 
requirement for super duplex bolting, is related to the possible high friction if torqued and the cold 
creep tendency of this material.

7.4	 Seal ring materials

Typical minimum yield stress and ultimate tensile stress for the seal ring material shall at maximum 
design temperature be 300 MPa and 360  MPa, respectively, in order to allow for reasonably elastic 
spring-back.

The user is responsible for selecting a seal ring material which is suitable for the service medium and 
the design temperature conditions.

There is no requirement for Charpy impact testing of seal ring materials.

Seal rings shall be made of forged or worked material. For in service use, Table 4 gives a guideline for 
seal ring selection and temperature limitations.
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Table 4 — Seal ring selection

Flange material Service temperature Seal ring material
Typical manufacturing 

standard
Carbon steel and low 

alloy steel
–50 °C to +250 °C Carbon steel or low alloy 

steels, e.g. CS360LT or 
AISI 4140

ASTM A788 or equivalent

Stainless steel –50 °C to +250 °C 22Cr Duplex ASTM A182 or equivalent
Stainless steel –50 °C to +250 °C 17/4-PH ASTM A705 or equivalent

Austenitic stainless steel 
and nickel alloys

–196 °C to +250 °C Nickel alloys such as Alloy 
625 or similar

ASTM B564 or equivalent

A lubricant is required on the seal ring to groove contact face in order to obtain low friction and to prevent galling when the 
seal ring is sliding down the tapered groove during assembly. See also 13 for coating and colour coding.

NOTE 1   For testing purposes at ambient temperature, a carbon steel ring can be used for all flange materials.

NOTE 2      The hardness difference requirement between seal ring and seat/groove for RTJ and BX rings in ASME and 
API flange assemblies is not applicable for the deformation controlled IX seal ring in this document. This is because the 
force transmitted through the IX seal is much smaller than for the load controlled RTJ type gasket. In an ASME flanged 
connection, all bolt forces are used to energize the gasket by plastic deformation. In a compact flanged connection to this 
document, only in the order of 5 % to 10 % of bolt pre-load is used to elastically deform the seal. Due to the low force 
transmitted, there are no possible issues with local deformations/dents in the groove. In fact, the hardness of the seal ring 
material will normally be higher than the hardness of the groove surface of the flange.

NOTE 3   Listed seal ring materials might be less resistant to corrosion than the stainless steel of the flanges, and this is 
justified by the low probability of corrosion due to the stressed contact between heel areas of the mating flanges, and due 
to the seal at the outer circumference of the flanges preventing ingress of water.

8	 Strength, pressure/temperature ratings and leak tightness

8.1	 General

CFCs shall generally have a level of structural safety that is comparable to that of the connecting pipe. 
CFCs shall be designed against the following possible modes of failure, as appropriate:

a)	 gross plastic deformation (excessive yielding);

b)	 leak tightness;

c)	 fatigue failure.

Furthermore, considerations shall be given to maximum and minimum assembly bolt preload and 
possible loss of bolt preload during operation due to combination of minimum assembly bolt load, 
pressure, external loads and thermal effects. Minimum assembly bolt load shall be determined based 
on assessment of accuracy of bolt preload method, short-term and long-term bolt relaxation.

Stresses resulting from bolt pre-loading shall be regarded as displacement stresses as defined in 
paragraph 319.2.3 of ASME B31.3:2018, during testing and operation.

8.2	 Pressure/temperature ratings

Flanges covered by this document have been designated as one of the given classes in Table 5.
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Table 5 — Pressure class designation and ASME rating ceiling values at room temperature 
 to ASME B16.5, Table A-1 and Table A-2

Pressure class Class abbreviation Nominal pressure ASME pressure rating  
ceiling valuesa

          psig barg
Class 150 CL 150 PN 20 290 20,0
Class 300 CL 300 PN 50 750 51,7
Class 600 CL 600 PN 110 1 500 103,4
Class 900 CL 900 PN 150 2 250 155,1
Class 1500 CL 1500 PN 260 3 750 258,6
Class 2500 CL 2500 PN 420 6 250 430,9

a	 These values are applicable at room temperature and are for information only.

Flanged connections covered by a class in this document will exceed the maximum rating of the 
corresponding ASME B16.5 class and material within the temperature range as defined by this 
document. This corresponds to a utilization ratio of 0,5 in accordance with Annex A, which gives a 
method for determining the external load capacity for flanged connections.

For integral cast flanges also some design codes use the concept of “casting factors”. The yield strength 
should in such cases be multiplied by the relevant casting factor before used in the capacity equations 
(see 7.2 regarding cast flanges).

Nominal design stress for bolts shall be determined by the same rule as used for nominal design stress 
of flanges and shells, e.g. same safety factor on yield stress. Bolt materials shall be selected with due 
consideration to creep and relaxation.

8.3	 Pressure testing and leak tightness

Flanges are generally not required to be pressure tested until they are part of a piping system or 
pressure equipment, which shall be tested in accordance with design codes and requirements for such 
pressure equipment and piping. However, orifice spacers contained in this document, should undergo a 
hydrostatic pressure test before installation in order to verify appropriate quality of welded pressure 
tappings, see 9.8.

Flanged connections and flanged fittings may be subjected to system hydrostatic tests at a pressure of 
1,5 times the 38 °C (100 °F) rating rounded off to the next higher 1 bar (25 psi) increment. Testing at 
any higher pressure is the responsibility of the user.

The maximum leakage for correctly assembled connections may be specified by the supplier, in 
accordance with EN 1779 and shall be expressed as leakage rate in units of gas throughput (Pa × m3/s) 
for a specific gas, i.e. helium at room temperature and at maximum working pressure conditions. The 
circumferential length for this leakage shall also be specified. It is the responsibility of the supplier to 
verify that this leakage is not exceeded for the specified design conditions.

Default testing method shall be in accordance with EN  1779. The purchaser may specify other test 
methods.

9	 Dimensions of flanges

9.1	 General

A summary of the DNs applicable to each rating class is given in Table 6.
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Table 6 — Overview of sizes and rating class (CL)

DN NPS CL 150 CL 300 CL 600 CL 900 CL 1500 CL 2500
15 ½

Equal to 
CL 300

−
Equal  

to  
CL 2500

Equal 
 to  

CL 2500

Equal 
to  

CL 2500

−
20 ¾ − −
25 1 − −
40 1 ½ − −
50 2 − Equal to 

CL1500
Equal to 
CL1500

− −
65 2 ½ − − −
80 3 − Equal  

to  
CL 900

− − −
100 4 − − − −
125 5 − − − −
150 6 − − − − −
200 8 − − − − − −
250 10 − − − − − −
300 12 − − − − − −
350 14 − − − − − −
400 16 − − − − − −
450 18 − − − − − −
500 20 − − − − − −
550 22 − − − − − −
600 24 − − − − − −
650 26 − − − − −  
700 28 − − − − −  
750 30 − − − − −  
800 32 − − − − −  
850 34 − − − − −  
900 36 − − − − −  
950 38 − − − − −  

1000 40 − − − − −  
1050 42 − − − − −  
1100 44 − − − − −  
1150 46 − − − − −  
1200 48 − − − − −  

"Equal to CL xxxx" means that overall dimensions are equal for the referenced pressure classes. However, flange face bevel 
angles may be different

- (dash) indicates that there is an individual design for this size and class.

All bolt holes shall be equally spaced on the bolt circle diameter. Bolt holes on integral flanges shall 
straddle the horizontal or vertical lines (see Figure D.6).

Dimensions for all flange types in accordance with this document can be found in Table 7 to Table 28. 
Dimensional tolerances can be found in Table 29.

9.2	 Weld neck dimensions

The minimum outside diameter of the WN flange is equal to the nominal outside diameter of the pipe. 
The maximum bore is equal to the specified nominal bore. This assures that the minimum WN thickness 
is equal to or larger than the wall thickness of the connected pipe.
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Details for the weld preparation for WN flanges are given in ASME  B16.25. Other welding end 
preparations can be agreed between supplier and purchaser.

Dimensions of WN flanges are defined in Figure  2. Given variations of wall thickness of connected 
pipe  (t) in Table  7 to Table  12 are in accordance with standard wall thicknesses in ASME  B36.10M, 
ASME B36.19M and ISO 4200. WN flanges are neither designed for welding to rigid equipment nor to 
wall thicknesses above the pipe wall thickness range given in the tables below. Dimensions of IF in 
accordance with 9.4 should then be used, or WN flanges to a higher pressure class could be used. It is 
recommended to consider a lower pressure class WN flange if the selected pipe wall thickness is below 
the range specified for the original pressure class in Table 7 to Table 12.

Key
1 elliptical transition

NOTE	 The back face of the flange is a tangential transition to the elliptical shape of the neck.

Figure 2 — Nomenclatures for weld neck (WN) flanges
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9.3	 Blind flange (BL) dimensions

Dimensions specific to the blind flanges are given in this clause and are defined in Figure 3 and Table 13, 
Table 14 and Table 15. The diameter B1 for blind flanges is the diameter of flat and no sealing surface 
without bevel face angle. All other dimensions are found in Table 7 to Table 12 for the WN flanges.

Figure 3 — Nomenclatures for blind flanges (BLs)
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Table 13 — Dimensions for CL 150 and CL 300 blind flanges (BLs)

CL 150 CL 300

DN NPS B1

mm

DA3

mm

αA2

°

αB1

°

αB2

°

B1

mm

DA3

mm

αA2

°

αB1

°

αB2

°

15 ½ 9,0 30,87 15,2 0,27 0,18 9,0 30,87 15,2 0,27 0,18

20 ¾ 13,0 35,87 15,2 0,27 0,18 14,0 35,87 15,2 0,27 0,18

25 1 19,0 42,87 15,2 0,27 0,18 19,0 42,87 15,2 0,27 0,18

40 1½ 31,0 58,85 15,2 0,28 0,18 31,0 58,85 15,2 0,28 0,18

50 2 41,0 71,84 15,2 0,27 0,18 41,0 71,84 15,2 0,27 0,18

65 2½ 49,0 85,83 15,2 0,22 0,15 49,0 85,83 15,2 0,22 0,15

80 3 63,0 101,87 15,3 0,44 0,30 63,0 101,87 15,3 0,44 0,30

100 4 83,0 129,82 15,2 0,25 0,16 83,0 129,82 15,2 0,25 0,16

125 5 104,0 157,76 15,2 0,28 0,19 104,0 157,76 15,2 0,28 0,19

150 6 126,0 187,70 15,1 0,15 0,10 126,0 187,72 15,1 0,20 0,13

200 8 173,0 239,70 15,2 0,27 0,18 167,0 239,70 15,1 0,20 0,13

250 10 218,0 299,66 15,2 0,23 0,15 209,0 299,68 15,1 0,21 0,14

300 12 260,0 348,63 15,2 0,22 0,15 250,0 348,63 15,1 0,16 0,11

350 14 287,0 381,59 15,1 0,18 0,12 275,0 381,61 15,1 0,17 0,11

400 16 328,0 435,60 15,2 0,25 0,17 315,0 435,61 15,1 0,20 0,13

450 18 371,0 487,53 15,1 0,19 0,12 355,0 487,56 15,1 0,18 0,12

500 20 413,0 540,50 15,1 0,18 0,12 396,0 540,53 15,1 0,17 0,11

550 22 456,0 592,47 15,1 0,18 0,12 437,0 592,50 15,1 0,17 0,11

600 24 496,0 643,46 15,1 0,21 0,14 478,0 643,50 15,1 0,19 0,13

650 26 539,0 696,35 15,1 0,17 0,11 517,0 696,42 15,1 0,19 0,13

700 28 581,0 748,32 15,1 0,17 0,12 558,0 748,36 15,1 0,17 0,11

750 30 624,0 801,29 15,1 0,17 0,12 598,0 801,37 15,1 0,20 0,13

800 32 665,0 852,26 15,1 0,17 0,11 639,0 852,32 15,1 0,17 0,12

850 34 707,0 903,23 15,1 0,18 0,12 678,0 903,33 15,1 0,20 0,13

900 36 750,0 957,19 15,1 0,17 0,11 719,0 957,26 15,1 0,18 0,12

950 38 792,0 1 008,17 15,1 0,17 0,12 760,0 1 008,24 15,1 0,18 0,12

1000 40 835,0 1 061,14 15,1 0,18 0,12 801,0 1 061,21 15,1 0,18 0,12

1050 42 876,0 1 112,10 15,1 0,17 0,12 840,0 1 112,20 15,1 0,19 0,12

1100 44 918,0 1 163,05 15,1 0,16 0,10 881,0 1 163,18 15,1 0,19 0,13

1150 46 961,0 1 216,02 15,1 0,16 0,10 921,0 1 216,14 15,1 0,19 0,12

1200 48 1 003,0 1 266,99 15,1 0,16 0,10 962,0 1 267,09 15,1 0,17 0,12
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Table 14 — Dimensions for CL 600 and CL 900 blind flanges (BLs)

CL 600 CL 900

DN NPS B1

mm

DA3

mm

αA2

°

αB1

°

αB2

°

B1

mm

DA3

mm

αA2

°

αB1

°

αB2

°

15 ½ 2,0 30,85 15,1 0,15 0,10 2,0 30,85 15,1 0,15 0,10

20 ¾ 3,0 35,85 15,1 0,15 0,10 3,0 35,85 15,1 0,15 0,10

25 1 7,0 42,85 15,1 0,15 0,10 7,0 42,85 15,1 0,15 0,10

40 1½ 14,0 58,86 15,1 0,20 0,13 14,0 58,86 15,1 0,20 0,13

50 2 27,0 71,85 15,1 0,22 0,14 27,0 71,85 15,1 0,22 0,14

65 2½ 36,0 85,86 15,2 0,25 0,16 36,0 85,86 15,2 0,25 0,16

80 3 53,0 101,85 15,2 0,27 0,18 53,0 101,85 15,2 0,27 0,18

100 4 71,0 129,85 15,2 0,28 0,18 71,0 129,85 15,2 0,28 0,18

125 5 90,0 157,76 15,1 0,20 0,13 90,0 157,76 15,1 0,20 0,13

150 6 117,0 187,74 15,1 0,19 0,12 109,0 187,75 15,1 0,20 0,13

200 8 155,0 239,72 15,1 0,21 0,14 143,0 239,76 15,2 0,24 0,16

250 10 196,0 299,70 15,1 0,20 0,13 180,0 299,72 15,1 0,21 0,14

300 12 233,0 348,69 15,2 0,22 0,15 216,0 348,71 15,1 0,21 0,14

350 14 257,0 381,68 15,2 0,22 0,15 238,0 381,70 15,1 0,22 0,14

400 16 294,0 435,66 15,1 0,22 0,14 274,0 435,69 15,2 0,23 0,15

450 18 332,0 487,66 15,2 0,24 0,16 308,0 487,69 15,2 0,24 0,16

500 20 369,0 540,62 15,2 0,23 0,15 343,0 540,68 15,2 0,25 0,16

550 22 406,0 592,58 15,1 0,21 0,14 379,0 592,67 15,2 0,25 0,17

600 24 445,0 643,56 15,1 0,21 0,14 413,0 643,67 15,2 0,26 0,17

650 26 483,0 696,48 15,1 0,21 0,14 449,0 696,60 15,2 0,26 0,17

700 28 520,0 748,49 15,2 0,23 0,15 485,0 748,48 15,1 0,18 0,12

750 30 558,0 801,46 15,2 0,23 0,15 519,0 801,47 15,1 0,19 0,13

800 32 595,0 852,42 15,1 0,21 0,14 554,0 852,47 15,1 0,20 0,13

850 34 634,0 903,43 15,2 0,23 0,15 590,0 903,58 15,2 0,28 0,18

900 36 672,0 957,33 15,1 0,18 0,12 626,0 957,44 15,1 0,20 0,13

950 38 709,0 1 008,36 15,1 0,21 0,14 660,0 1 008,56 15,2 0,28 0,19

1000 40 746,0 1 061,34 15,2 0,22 0,15 695,0 1 061,44 15,2 0,22 0,15

1050 42 784,0 1 112,27 15,1 0,19 0,12 731,0 1 112,48 15,2 0,25 0,17

1100 44 823,0 1 163,26 15,1 0,20 0,13 765,0 1 163,35 15,1 0,20 0,13

1150 46 860,0 1 216,30 15,2 0,23 0,15 801,0 1 216,36 15,1 0,21 0,14

1200 48 898,0 1 267,19 15,1 0,18 0,12 836,0 1 267,51 15,2 0,28 0,19
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Table 15 — Dimensions for CL 1500 and CL 2500 blind flanges (BLs)

CL 1500 CL 2500

 DN  NPS B1

mm

DA3

mm

αA2

°

αB1

°

αB2

°

B1

mm

DA3

mm

αA2

°

αB1

°

αB2

°

15 ½ 2,0 30,85 15,1 0,15 0,10 2,0 30,85 15,1 0,15 0,10

20 ¾ 3,0 35,85 15,1 0,15 0,10 3,0 35,85 15,1 0,15 0,10

25 1 7,0 42,85 15,1 0,15 0,10 7,0 42,85 15,1 0,15 0,10

40 1½ 14,0 58,86 15,1 0,20 0,13 14,0 58,86 15,1 0,20 0,13

50 2 27,0 71,85 15,1 0,22 0,14 19,0 71,87 15,2 0,24 0,16

65 2½ 36,0 85,86 15,2 0,25 0,16 26,0 85,88 15,2 0,26 0,17

80 3 44,0 101,88 15,2 0,31 0,21 32,0 101,90 15,2 0,29 0,20

100 4 60,0 129,88 15,2 0,30 0,20 43,0 129,88 15,2 0,24 0,16

125 5 77,0 157,83 15,2 0,29 0,19 56,0 157,84 15,2 0,28 0,18

150 6 92,0 187,82 15,2 0,28 0,19 68,0 187,84 15,2 0,26 0,17

200 8 122,0 239,80 15,2 0,25 0,17 90,0 239,85 15,2 0,27 0,18

250 10 155,0 299,81 15,2 0,26 0,18 114,0 299,87 15,2 0,29 0,19

300 12 185,0 348,79 15,2 0,26 0,17 138,0 348,91 15,2 0,32 0,21

350 14 204,0 381,81 15,2 0,29 0,19 151,0 381,91 15,2 0,32 0,21

400 16 235,0 435,76 15,2 0,23 0,15 175,0 435,99 15,2 0,36 0,24

450 18 265,0 487,83 15,2 0,31 0,21 197,0 487,90 15,2 0,29 0,20

500 20 294,0 540,79 15,2 0,27 0,18 219,0 540,91 15,2 0,30 0,20

550 22 325,0 592,75 15,2 0,24 0,16 243,0 593,00 15,2 0,34 0,23

600 24 355,0 643,85 15,2 0,31 0,21 265,0 644,03 15,2 0,35 0,23

650 26 386,0 696,62 15,1 0,20 0,13

700 28 417,0 748,63 15,1 0,21 0,14

750 30 445,0 801,72 15,2 0,27 0,18

800 32 476,0 852,56 15,1 0,19 0,13

850 34 507,0 903,54 15,1 0,19 0,13

900 36 537,0 957,61 15,2 0,23 0,15

950 38 568,0 1 008,68 15,2 0,26 0,18

1000 40 597,0 1 061,53 15,1 0,20 0,13

1050 42 627,0 1 112,57 15,2 0,22 0,15

1100 44 658,0 1 163,47 15,1 0,19 0,13

1150 46 689,0 1 216,54 15,1 0,22 0,14

1200 48 719,0 1 267,40 15,1 0,17 0,12

9.4	 Integral flange (IF) dimensions

Dimensions specific to the integral flanges are given in this clause and are defined in Figure  4 and 
Table 16 to Table 21. All other dimensions are found in Table 7 to Table 12 for the WN flanges. Dimensions 
for valves shall conform with requirements in ASME  B16.34 and ISO  14313. The face angles for the 
integral flanges are based on the stiffness of flange ring and flange neck as outlined from requirements 
of ASME B16.34 and ISO 14313. For each flange size, two face angles are listed. One for the minimum 
neck thickness that can be used, tmin, and the other angle is valid for the maximum neck thickness that 
can be used, tmax.

For all integral flanges the face dimensions shall be interpolated between their listed values at 
maximum and minimum neck thickness. Calculating methods and examples are included in Annex B. 
The minimum value for flange face angle αB1 is set to 0,15°. Any calculation resulting in smaller angles 
than 0,15° shall select angles and dimension corresponding to 0,15°.
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For all use of the integral flange design it is an imperative requirement that the external transition 
between the flange ring and the neck has a smooth curvature, with no rapid diametrical steps, notches 
or other imperfections. The radius "RV1" tabulated in Table 16 to Table 21 shall be adhered to. This is to 
prevent local high stress areas at the transition.

Some types of equipment and valves may be fitted with an internal nozzle at flange ends, e.g. a corrosion 
resistant nozzle at inlet of a pressure safety valve. It is then recommended to design this inlet nozzle 
and the supporting body flange as a rigid construction with no flange angle (αB1 = 0°, αB2 = 0°). The 
thickness of the inlet nozzle and the supporting body flange shall then be minimum 2,5 × HW3. The 
nozzle flange shall have the same external diameter, DW3, as the mating WN flange, or an external 
forged ring shall provide full closure at the external diameter, DW3, in order to provide a maximum 
bending moment capacity, and to protect bolting from environmental corrosion etc.

Dimensions and angles in Table 16 to Table 21 and Annex B might not cover equipment body designs 
with special flange configuration, e.g. funnel-shaped flange neck design differing considerably from a 
cylindrical design as specified in this document. It is the equipment supplier’s responsibility to verify 
that their design is in accordance with the requirements described in this document.

Standard bore diameter within a pressure class may be used, if accepted by the purchaser. The standard 
bore should be selected within the given bore range for the actual size and pressure class. Smaller bore 
diameters may be accepted if the flange face angle is adjusted in accordance with the actual flange 
warping stiffness. The flange functionality will not be affected by a bore diameter step at the mating 
faces between an integral flange and another flange component to this document. However, other 
functional requirements such as effect on flow patterns, and pigging requirements can require small 
and tapered step changes at the mating faces.

Figure 4 — Nomenclatures for integral flanges (IFs)

Table 16 — Dimensions for CL 150 integral flanges (IFs)

CL 150

NPS DN
tmin/tmax 

  
mm

Amin 
Amax 
mm

Bmax 
Bmin 
mm

DA3 
  

mm

αA2 
  
 °

αB1 
  
 °

αB2 
  
 °

Rv1 
  

mm
½ 15 2,11 21,3 17,1 30,88 15,2 0,30 0,20 3,0
½ 15 5,15 22,0 11,7 30,87 15,2 0,24 0,16 3,0
¾ 20 2,11 26,7 22,5 35,88 15,2 0,32 0,21 3,0
¾ 20 7,70 31,0 15,6 35,86 15,2 0,22 0,15 3,0
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