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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 1SO
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-gaovernmental, in liaison with ISO_ also take part in the wark |SO collaborates closely with the
Interpational Electrotechnical Commission (IEC) on all matters of electrotechnical standardization

Interpational Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

The main task of technical committees is to prepare International Standards. Draftyinternationpl Standards
adopjed by the technical committees are circulated to the member bodies for ‘voting. Publication as an
Interpational Standard requires approval by at least 75 % of the member bodies casting a vote.

Attention is drawn to the possibility that some of the elements of this document may be the subject of patent
rightg. ISO shall not be held responsible for identifying any or all such patent rights.

ISO 27509 was prepared by Technical Committee ISO/TC 67, Materials, equipment and offshdre structures
for pptroleum, petrochemical and natural gas industries, Subeommittee SC 6, Processing equipment and
systgms.
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Introduction

This International Standard, which is based on NORSOK L-005[3¢], has been developed to provide a standard
for compact flanged connections (CFCs) that constitutes an alternative to conventional flanges as specified in
ASME standards, European Standards and other International Standards, with reduced mass and smaller
overall dimensions, as weII as increased reI|ab|I|ty in leak tlghtness by means of |ts inherent design features
and make ovide an ¢ ative o ¢ 3 type
mechanical

q onnectors

The use of lpad carrying sealing elements, traditionally referred to as "gaskets", does not comply with the
fundamental requirements of this International Standard.

This Internafional Standard has been developed for use in process piping systemswhich are des|gned
according to [codes for pressure piping, e.g. ASME B31.3. See 4.7 for more details.

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

The main body of this International Standard contains all necessary information on how to manufactur¢ and
supply flangg and seal ring materials, such as

— flange dmensions and material requirements;

— seal ring dimensions and material requirements;

— bolting dimensions and material requirements;

— requirenents to tolerances and surface finish;

— requirenjents to designation and marking of finished products.
Normative annexes A and D cover the following topics:

— structurgl capacity equations for flange assembilies;

— bolt dimg¢nsions andimasses.

Informative gnnexes B, C, E, F and G cover the following topics:

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

— quality management;

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

— masses of all standard components;

— suitable dimensions of alternative metric bolting.

Vi © 1SO 2012 - All rights reserved
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For the purposes of this International Standard, the following verbal forms apply:

"shall" indicates a requirement strictly to be followed in order to conform to this International Standard and
from which no deviation is permitted, unless accepted by all involved parties;

"should" indicates that among several possibilities one is recommended as particularly suitable, without
mentioning or excluding others, or that a certain course of action is preferred but not necessarily required;

— "may" indicates a course of action permissible within the limits of this International Standard;

— "can"is used for statements of possibility and capability, whether material, physical or casual.

© ISO 2012 — All rights reserved vii
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INTERNATIONAL STANDARD

ISO 27509:2012(E)

Petroleum and natural gas industries — Compact flanged
connections with IX seal ring

1

This

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

This

blind$ (paddle blanks), valve/equipment integral flanges, orifice spacers, reducing threaded flan
interfaces for use in process piping for the petroleum, petrochemicalhand natural gas industries.

This

This

2

The

refergnces, only the edition cited applies. For undated references, the latest edition of th
docupent (including any amendments)-applies.

ISO

tolergnce indications

ISO 4288, GeometricCRroduct Specifications (GPS) — Surface texture: Profile method —
proceédures for the assessment of surface texture

ISO

sectipn conduits running full — Part 1: General principles and requirements

ISO

$cope

nternational Standard is applicable to welding neck flanges, blind flanges, paddle spacer

nternational Standard is applicable within a temperaturérange from —196 °C to +250 °C.

nternational standard is not applicable for external pressure.

Normative references

following referenced documents are-indispensable for the application of this documen

P768-1, General tolerances= Part 1: Tolerances for linear and angular dimensions with

%167-1, Méasurement of fluid flow by means of pressure differential devices inserted in c|

International Standard specifies detailed manufacturing requirements for circular steel’ and nickel alloy
compact flanged connections and associated seal rings, for designated pressures and-temperat
designations CL 150 (PN 20) to CL 1500 (PN 260) for nominal sizes from DN{@5/(NPS %
(NP§ 48), and for CL 2500 (PN 420) for nominal sizes from DN 15 (NPS '2) to DIN,600 (NPS 24).

ures in class
to DN 1200

5 and spacer
jes and rigid

t. For dated
b referenced

put individual

Rules and

rcular cross-

$167-2:2003, Measurement of fluid flow by means of pressure differential devices insemfd in circular

cross=sectiorrcorduits Tunmming futt—Part 2 Orifice pfates

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

ISO

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

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, Process Piping

© 1SO 2012 - All rights reserved
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EN 1092-1, Flanges and their joints — Circular flanges for pipes, valves, fittings and accessories, PN
designated — Part 1: Steel flanges
EN 1779, Non-destructive testing — Leak testing — Criteria for method and technique selection

3 Terms

3.1

For the purp

, definitions, symbols and abbreviated terms

Terms and definitions

ses of this document, the following terms and definitions apply

3.1.1

class

CL

ASME press

31.2
compact fla
CFC
non-gaskete
through metsd

313
gasket
barrier to pre

ire class in accordance with ASME B16.5 and ASME B16.34

nged connection

| bolted static pipe connection including two flanges and where the bolt loads are transferred
| to metal contact between the flange faces

vent the passage of fluids, but which does transmit alldloads between flanges

EXAMPLE As shown in EN 1591-1:2001, Figure 3.

314

purchaser

individual or prganization that buys the pipe connection on behalf of the user and/or operator or for its owh use

315

seal

component groviding a barrier to prevent the passage of fluids, transmitting no significant loads betwegn the

flanges

3.1.6

supplier

individual o1 organization .fhat takes the responsibility for the supply of the pipe connection ard its

conformanceg with this International Standard

3.2 Symbpls

A uiside-chameterefneek

Anax maximum outer diameter to accommodate standard tools

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

Areag s cross-sectional area of the neck/pipe calculated from ty5

Areag,, cross-sectional area of a special flange neck geometry calculated from t,,

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

Binax maximum listed bore diameter

2 © 1SO 2012 - All rights reserved
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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

dg bolt size

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

DA1 internal diameter of groave

DA3 outer diameter of groove

DG4 seal ring seal diameter

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

e (DW3 + DW2)/4 — BCD/2

e, (DW3 + DW2)/4 —(A+B)/4

E1 depth of groove

E2 depth of recess

E3 depth of recess for gasket

Fa applied axial force

Fe bolt total plastic capacity (root area x number of bolts x yield strength)
Fs flange axial load\capacity without effect of bolt prying

Fip flange axialload capacity including the effect of bolt prying
Fend end cap-force calculated to seal ring seal diameter

Fr résulting force from external tension force F 5 and external bending moment My
fy flange material yield strength at temperature

HP1 thickness-of- PB,RSanrd-0S

HW3 flange thickness

HWS5, HTS overall length

L bolt hole diameter

L1,L2,L3 bolt hole depths

Mp applied bending moment

n number of bolts

p internal pressure in N/mm?

© 1SO 2012 - All rights reserved 3
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RA
RB
RC
RV1

min

max

to1s
tqu
X
Y
oA2
oB1

oB2

v

radius

radius

radius (maximum value tabulated)

neck to flange ring radius on integral flanges

pipe wall thickness

minimum neck thickness that can be used which is defined by the standard pipe outer diameter,

A, and maximum listed bore diameter, B,

the maximum neck thickness that can be used which is defined by A
bore diameter

the wall thickness giving the smallest possible face angle (0,15°)
the wall thickness calculated from a special flange neck geometry
half major ellipse axis

half minor ellipse axis

groove angle

flange face bevel angle

pffective face angle/rear face bevel angle

flange utilization ratio

3.3 Abbrgviated terms

BL
CFC

NPS
oD
0s
PB
PN
PS
PTFE
RI

O

ind flange

Q

bmpact flanged connection

Class

>

bminal pipe diameter (expressed in millimetres)

ternal diameter

=5

=

tegral flange (as-patt of some other equipment or component)

n

becial metallic'seal ring applied in Clause 4

ime blinds-(including PS and PB)

>

bminal pipe size (expressed in inches)

max and the minimum |isted

outer diameter

orifice spacer

paddle blank

nominal pressure (bar)
paddle spacer
polytetrafluoroethylene

rigid interface

© 1SO 2012 - All rights reserved
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RT reducing threaded flange
WN weld neck

4 Design

41 General

In order to be compliant with this International Standard, CFCs fulfil the minimum design requirements
outlined below.

4.2

Figu
Stan

The
and

tights
been
given

For t

seali

dferce. Furthermore with increased pre-load, the bevel is closed and face to face contact i
the o%wmmmmmmmmw = i i

They have been designed for face-to-face make-up for transfer of the bolt loading threug
flaces.

They have been designed so that a static mode is maintained in the bolted¢joint up to

q

4

between maximum and minimum nominal stress sustained by the bolts in~th€”joint does no
of the minimum values specified in Table 3.

They have been standardized to cover as a minimum the same pressure temperature class
and sizes as can be found in ASME B16.5 with equal or better performance.

They have been standardized to fit with commonly used.standards by the valve industry
16.34, 1ISO 14313 and the EN 12516 series of parts), and other valve standards which mg
these standards for pressure design.

h the flange

1,5 times the
pecified pressure/temperature rating, see 7.2. Static mode is maintained as long as the difference

exceed 5 %

designations

(e.g. ASME
ke reference

he weakest part of flanged connections according to this International Standard regarding fatigue failure

is always located somewhere in the transjtion’ from flange to pipe or flange to nozzl€
quipment or valve. The bolted joint itself is never subjected to fatigue load if consideratio

mperatures are taken when selecting.bolt'‘material, see 6.3.
Design principles

re 1 shows the design principles of compact flanges and its seal system according to this
dlard.

{lange face includes(ayslightly convex bevel with the highest point, called the heel, adjacer
a small outer wedge around the outer diameter of the flange. The assembly is 1
ning/tensioning.the flange bolting which pulls the two connector halves together. The bevel
standardizedfor different and relevant adjoining pipe wall thicknesses for each welding neq
size and/pressure class.

ne IX'séal ring, axial forces are exerted on the taper of the metal seal ring and translated

neck of an
ns to cycling

International

t to the bore
hade up by
angles have
k flange of a

into a radial
5 achieved at

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.

The principle design of the flange face includes two independent seals. The first seal is created by application
of seal seating stress at the flange heel. However, an undamaged flange heel may 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.

© 1SO 2012 - All rights reserved
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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.

S\E[b |
2 |
1 N _|
I N i
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  IXsealring 9  Fluid pressure
5 Heel
Figure 1 —Design principles of standard compact flange assemblies
4.3 Assembly requirements
In order to qomply,with the design principles as described in 4.2 it is mandatory to assemble the flgnged
connections o target bolt loads according to Table 1 below. For detailed advice on how to assemble compact
flanges, see Annex E.

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

6 © 1SO 2012 — All rights reserved
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Table 1 — Target residual preload for bolt materials used to assemble compact flanges to this

International Standard

Stud bolt size Target residual preload
in kN
72-UNC 44
“%-UNC 71
%-UNC 106
7%-UNC 147
1-UNC 193
1 %-8UN 255
1 %-8UN 325
1 %-8UN 405
1 72-8UN 492
1 %-8UN 589
1 %-8UN 693
1 %-8UN 807
2-8UN 929
2 Y-8UN 1199
2 >-8UN 1503
2 %-8UN 1667
3-8UN 2004
3 7a-8UN 2373
3 ¥2-8UN 2773
3 %-8UN 3204
4-8UN 3666

4.4

Standard components

The flypes of flanges covered by this International Standard are given in Table 2.

Table 2 —Types of flanges and accepted raw material forms for manufacture

Tlype Description Raw material product forms

VN Weld neck flange Forged to shape

BL Blind flange Plate or forged to shape

IF Integral flange as part of some other equipment or Forging, forged bar (maximum DN 50) or casting
component

RI Rigid interface as part of some other equipment or Plate, forging or casting
component

PB Paddle blank Plate or forged to shape

PS Paddle spacer Plate or forged to shape

(O] Orifice spacer Plate or forged to shape

RT Reducing threaded flange Plate or forged to shape

© 1SO 2012 - All rights reserved
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4.5 Units

of measurements

In this International Standard, data are expressed in both Sl 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 Sl 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.

4.6 Rounding

Except as o
requirementg
figures used
Annex B, Ru

4.7 Comp

Although not

Standard fulffl the requirements for unlisted piping components in paragraph.302.2.3 in ASME B31.3. T

based on full
a) The sen
North §

Internati

b) The exp
specime

c) The pro
years. In

d) Compag

herwise required by this International Standard, to determine conformance with the 'spé|
, observed or calculated values shall be rounded to the nearest unit in the last right-hand pla
in expressing the limiting value, in accordance with the rounding method of 1ISO80000-1:
eA.

liance with piping design codes

compliance with paragraph 304.7.2 (a), (b), (c) and (d):

ice experience requirement is fulfilled because this type.of CFC has been widely used i
ea since 1990. The service experience covers the<eomplete size range covered by
bnal Standard.

cified
ce of
P009,

listed as a component standard in ASME B31.3, all components contained in this International

his is

h the
this

] test

erimental stress analysis requirements is fulfilledisince a number of tests on strain gauge

Df test requirements are fulfilled since ainumber of pressure tests have been performed ov
addition to tests referenced under (b), reference is made to References [38], [44] and [45].

t flanged connections to this International Standard were originally developed and designed

the desi
require
code.

minimu

hn by analysis method to pre2007 issue of ASME VIl div.2, appendix 4 and appendix 6. Sp
ents may apply to compenents designed by analysis, depending on the applied piping d
ch requirements normally include impact testing at a defined temperature relative t
design temperature-and a specified extent of non-destructive testing.

4.8 Comgliance to this.International Standard

The manufdcturer shall* be responsible for complying with all of the applicable requirements o
International|Standard: It shall be permissible for the purchaser to make any investigation necessary in
to be assured of.compliance by the manufacturer and to reject any material that does not comply.

hs have been run over the years. Reference is\ntade to References [40] to [43], [50], [51] and 152].

r the

Lsing
ecific
Bsign
b the

this
order

5 Designation

5.1 Desig

nation of flanges

The following shall designate the flanges in accordance with EN 1092-1:

— flange type abbreviation according to Table 2;

— number

— nominal

of this International Standard;

flange size (DN);

© 1SO 2012 - All rights reserved
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— pressure class designation;

— pipe dimensions:
— for standard pipes, the wall thickness in mm to one decimal accuracy;
— for non-standard pipes, the pipe bore and wall thickness.

— material designation.

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

Exanlples of designation are given below:

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

WN/IBO 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/ISP 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 8.9), and with material ASTM A182F316 (stainless steel):

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

5.2 |Designation of seal rings

The IX seal ring shall be designated as deseribed below:

— mumber of this International Standard;

— fype - and ring size - IX and(the appropriate DN;

— 1naterial 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 27509/4X250/A182F51

6 Materials

6.1 General

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

6.2 Flange materials
Flanges covered by this International Standard shall be made from base material product forms as listed in

Table 2. The standardized bevel angle as described in 4.2 is applicable for steel and nickel alloys, which are
covered in this International Standard.
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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 International Standard is 205 MPa at
room temperature.

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 according to standards referenced in the applied Piping
Design Code.

Cast flanges shall be non-destructive tested to comply 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 optair—a-easting—factorof1-0—and-thus—obtainingtheminimum—pressure—and-temperatare—ratings
stated in Clapise 7. Examination and acceptance criteria shall be agreed between purchaser and manufagturer,
but sealing spirfaces shall satisfy requirements in 8.12.
Test samples for certification testing required by the material standard, shall be taken from the-flange ring
transverse td the dominant grain flow direction, or alternatively in both axial (weld neck) and‘tangential (flange
ring) direction relative to internal bore.
No repair wglding is accepted in the elliptical transition for the WN flange (see Figure 2) as well as in the
crotch radiusg| for the IF (see Figure 4) manufactured in line with this International Standard.
6.3 Bolting materials
The minimum bolt yield strength at temperature shall be in accordance with Table 3. Linear interpolatiop can
be used to calculate minimum yield strength for intermediate tempesatures.
Tabl¢ 3 — Minimum bolt yield strength as function-of maximum design temperature, T,
Bolt Taes$20°C | Tges=50°C | Tges=100°C | Tges =150°C | Tyes =200°C | Tyeq = 25p°C
nominal
diameter, dg
d=<2%" 725 MPa 713 MPa 672 MPa 648 MPa 632 MPa 613 MHa
2% ' <d< 4 655 MPa 645 MPa 607 MPa 586 MPa 569 MPa 555 MHa
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 hgve sufficient strength to carry 100 % of the bolt capacity defined by the specified minimum| yield
strength as listed above, andthe thread stress area, see NOTE. Thread tolerances shall be considered |n the
nut strength gvaluations-
NOTE Nuits to SO 898-2 should not be used in order to reduce the risk of nut thread stripping.
Imperial or mum

height equal to one nominal bolt diameter shall be used. The choice of bolt thread standard may affect
assembly and bolt preloading procedures. Annex E is based on imperial bolting dimensions, while Annex G
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 International Standard, 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.
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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 4, 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.

6.4 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 {iser is responsible for selecting a seal ring material which is suitable for the service medium and the
design temperature conditions.

Therg¢ 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, Table74 gives a guidgline for seal
ring gelection and temperature limitations.

Table 4 — Seal ring selection

Flange material Service temperature Seal ring material
Typical marfufacturing
standard
(Fine grained) carbon steel -50 °C to +250 °C Garbon steel or low alloy ASTM A788 qr equivalent
steels, e.g. CS360LT or
AISI 4140
Stainless steel -50 °C to +250 °C 22Cr Duplex ASTM A182 qr equivalent
Stainless steel -50 °C to +250°C 17/4-PH ASTM A705 qr equivalent
Auptenitic stainless steel -196 °C t0+250 °C Nickel alloys such as Alloy ASTM B564 qr equivalent
and nickel alloys 625 or similar

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

NOTE 2 Listed seal ring matefials' might be less resistant to corrosion than the stainless steel of the flarlges, and this
is justified by the low probability 6f corrosion due to the stressed contact between heel areas of the mating flanges, and
due o the seal at the outercireumference of the flanges preventing ingress of moisture and water.

NOTE 3  See Clause-2 for coating and colour coding.

7 $trength; pressure/temperature ratings and leak tightness

7.1 | General

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

— gross plastic deformation (excessive yielding);

— leak tightness;

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

7.2 Pressure/temperature ratings

Flanges covered by this International Standard have been designated as one of the given classes in Table 5.

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 abb:émwmézu
NOTE

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
NOTE These values are applicable at room temperature fand are for information only.

Flanged conpections covered by a class in this International Standard will exceed the maximum rating ¢f the
correspondirlg ASME B16.5 class and material within the temperature range as defined by this Internalional
Standard. This corresponds to a utilization ratio of 0,5 ‘according to Annex A, which gives a methdd for
determining {he external load capacity for flanged connegctions.

For integral past flanges also some design codes’/use the concept of “casting factors”. The yield strgngth
should in sUch cases be multiplied by the relevant casting factor before used in the capacity equations
(see 6.1).

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

7.3 Presslure testing and leak tightness

Flanges are |generally. not required to be pressure tested until they are part of a piping system or prepsure
equipment, Which shall be tested according to design codes and regulations for such pressure equipmerjt and
piping. Howgver{ orifice spacers contained in this standard, should undergo a hydrostatic pressure test before
installation il order to verify appropriate quality of welded pressure tappings; see 8.8.

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, taking into account the requirements of the applicable code or
regulation.

The maximum leakage for correctly assembled connections may be specified by the supplier according to
EN 1779, and shall be expressed as leakage rate in units of gas throughput (Pa x m3/s) for a specific gas, i.e.
helium at room temperature and at max 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 according to EN 1779. The purchaser may specify other test methods.
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8 Dimensions of flanges

8.1

General

A summary of the DNs applicable to each rating class is given in Table 6.

ISO 27509:2012(E)

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 F.6).

Dimensions for all flange types according to this International Standard can be found in Table 7 to Table 27.
Dimensional tolerances can be found in Table 28.

Table 6 — Overview of sizes and rating class (CL)

DN NPS CL 150 CL 300 CL 600 CL 900 CL 1500 CL"2500
15 Vi - -
20 % _ Equal Equal Equal _
to to to
25 1 - CL 25002 | CL 25002 | €L-25002 -
40 1% - -
50 2 Equal to - Equalto | Equaltd - -
65 2 CL 3002 _ CL15002 | CL45002 _ _
80 3 - Equal - - -
100 4 _ C|_ts?ooa _ _ _
125 5 - - - -
150 6 - - - - -
200 8 - - - - - -
250 10 - = - - - -
300 12 - - - - - -
350 14 - - - - - -
400 16 - - - - - -
450 18 N\ - - - - -
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 - - - - - -
A dash (-) indicates that there is an individual design for this size and class.
a8  "Equal to CL xxxx” means that overall dimensions are equal for the referenced pressure classes.
However, flange face bevel angles may be different.
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8.2 Weld neck (WN) 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.

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 according to standard wall thicknesses in ASME B36.10M, ASME B36.19M and
ISO 4200. ; ; ; g i i e the
pipe wall thigkness range given in the tables below. Dimensions of IF according to 8.4 should then be uséd, or
WN flanges fo 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 clgss in
Table 7 to Tgble12.

PA
: oB2° RC
| K ‘
/ .
B | ‘
| | | )
oL i 7 .
/ ‘ > ,_gn 51\1\ RQB/S ‘ =
% ‘ % T \‘\ \‘L’ 7 * -
! ‘ ‘ l '—’"V"""‘""r";i \’/‘\“Z
| A | | AT
| Tovar ||\
a3 | Voaze
- PpDW1
PDW3 oDW2

Key
1 Elliptical fransition

Figuret2— Nomenclatures for weld neck (WN) flanges

NOTE THe back face of the flange is a tangential transition to the elliptical shape of the neck.
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8.3 Blind flange (BL) dimensions

Dimensions specific to the blind flanges are given in this clause and are defined in Figure 3 and Table 13 and
Table 14. 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.
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Figure 3 — Nomenclatures for blind flanges (BLs)
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8.4

Integral flange (IF) dimensions

Dimensions specific to the integral flanges are given in this clause and are defined in Figure 4 and Table 15 to
Table 20. All other dimensions are found in Table 7 to Table 12 for the WN flanges. Dimensions for valves
shall comply 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, t,;, and the other angle is valid for the maximum neck thickness that can be used, t, ..

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 3
and dimensig

For all use o
flange ring

imperfections
high stress a

Some types
nozzle at in

ngle aB1 is set to 0,15°. Any calculation resulting in smaller angles than 0,15° shall selecta
n corresponding to 0,15°.

the integral flange design it is an imperative requirement that the external transition betwee
and the neck has a smooth curvature, with no rapid diametrical steps, sefches or
. The radius 'RV1' tabulated in Table 15 to Table 20 shall be adhered to. This, is to prevent
reas at the transition.

of equipment and valves may use an internal nozzle at flange ends)€.g. a corrosion res
et of a pressure safety valve. It is then recommended to design this inlet nozzle an

supporting b
inlet nozzle

bdy flange as a rigid construction with no flange angle (aB1 = 0%¢aB2 = 0°). The thickness
nd the supporting body flange shall then be minimum 2,5 x-HW3. The nozzle flange shall

the same e)ternal diameter, DW3, as the mating WN flange, or an:external forged ring shall provid
closure at the external diameter, DW3, in order to provide a maxinidm bending moment capacity, a

protect bolti

from environmental corrosion etc.

Dimensions and angles in Table 15 to Table 20 and Annex B, _might not cover equipment body designs
special flange configuration, e.g. funnel-shaped flange neck-design differing considerably from a cylin
design as spgcified in this standard. It is the equipment supplier's responsibility to verify that their desigr

accordance

ith the general requirements described inthis International Standard.

Standard bole diameter within a pressure class may;be used if accepted by the purchaser. The standard
should be sefected within the given bore range/for.the actual size and pressure class. Smaller bore diam

may be acc
flange functi
and another
effect on floyf
faces.

pted if the flange face angle is.adjusted according to the actual flange warping stiffness
nality will not be affected by a'bore diameter step at the mating faces between an integral f
flange component to this Intesnational Standard. However, other functional requirements su

patterns, and pigging requirements may require small and tapered step changes at the nj

hgles

n the
other
local
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1 the
Df the
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e full

hd to
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DA/ DAmax/DAmin

®B/@Bmax/DBin

t/tmax/tmin

[BCD|
@PDW3
aB2° RC
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| |
| e | .
hn e 2
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| — R [ aB2°
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(DDL» alA2°
$DW1
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Figure 4 — Nomenclatures for integral flanges
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Table 15 — Dimensions for CL 150 integral flanges (IFs)

CL 150

tmin’tmax Anin Bax DA3 aA2 aB1 aB2 Rv1

NPS DN Anax Buin
mm mm mm mm ° ° ° mm
Ya 15 2,11 21,3 17,1 30,88 15,2 0,30 0,20 3,0
V2 15 5,15 22,0 11,7 30,87 15,2 0,24 0,16 3,0
Y 20 2,11 26,7 22,5 35,88 15,2 0,32 0,21 3,0
Ya 20 7,70 31,0 15,6 35,86 15,2 0,22 0,15 3,0
1 25 2,77 33,4 27,9 42,88 15,2 0,34 0,23 3,0
1 25 9,15 39,0 20,7 42,85 15,1 0,21 0,14 3,0
1% 40 2,77 48,3 42,8 58,88 15,3 0,42 0,28 3,0
1% 40 6,95 52.0 384 58-86 152 036 026 30
2 50 2,77 60,3 54,8 71,88 15,3 0,45 0,30 3,0
2 50 8,90 67,0 49,2 71,84 15,2 0,25 0,17 3,0
2V 65 3,05 73,0 66,9 85,86 15,3 0,40 0,27 4,0
2V 65 8,65 80,0 62,7 85,83 15,2 0,23 0,15 4,0
3 80 3,05 88,9 82,8 101,96 15,6 0,90 0,60 4,0
3 80 8,05 94,0 77,9 101,90 15,4 0,58 0439 4,0
4 100 3,05 114,3 108,2 129,90 15,4 0,59 0,39 4,0
4 100 9,85 122,0 102,3 129,84 15,2 0,35 0,23 4,0
5 125 3,40 141,3 134,5 157,90 15,5 0,75 0,50 4,0
5 125 10,40 149,0 128,2 157,82 15,3 0,46 0,31 4,0
6 150 3,40 168,3 161,5 187,86 15,4 0,61 0,41 4,0
6 150 11,95 178,0 1541 187,77 15,2 0,35 0,23 4,0
8 200 3,76 2191 211,6 239,89 15,6 0,90 0,60 4,0
8 200 12,80 232,0 206,4 239,74 15,3 0,38 0,25 4,0
10 250 4,19 2731 264,7 299,88 15,6 0,82 0,55 6,0
10 250 16,30 293,0 260,4 299,69 15,2 0,30 0,20 6,0
12 300 4,57 323,9 314,8 348,91 15,6 0,91 0,60 6,0
12 300 14,40 340,0 311,2 348,70 15,3 0,40 0,27 6,0
14 350 4,78 355,6 346,0 381,86 15,5 0,78 0,52 6,0
14 350 17,60 375,0 339,8 381,64 15,2 0,28 0,19 6,0
16 400 4,78 406,4 396,8 435,99 15,7 1,07 0,71 6,0
16 400 19,70 430,0 390,6 435,65 15,2 0,37 0,24 6,0
18 450 4,78 457,2 447,6 487,92 15,6 0,91 0,60 6,0
18 450 18,30 478,0 4414 487,64 15,3 0,38 0,25 6,0
20 500 5,54 508,0 496,9 540,93 15,6 0,93 0,62 6,0
20 500 21,55 532,0 488,9 540,59 15,2 0,34 0,22 6,0
22 550 5,54 558,8 547,7 592,95 15,6 0,95 0,63 6,0
22 550 23,15 586,0 539,7 592,56 15,2 0,33 0,22 6,0
24 600 6,35 609,6. 596,9 644,02 15,7 1,03 0,69 6,0
24 600 25,25 641)0 590,5 643,57 15,3 0,37 0,25 6,0
26 650 7,92 660,4 644,6 696,85 15,6 0,84 0,56 6,0
26 650 26,85 695,0 641,3 696,46 15,2 0,31 0,21 6,0
28 700 7,92 711,2 695,4 748,89 15,6 0,89 0,59 6,0
28 700 28,45 749,0 692,1 748,44 15,2 0,31 0,21 6,0
30 750 792 762,0 746,2 801,92 15,6 0,92 0,61 6,0
30 750 33,70 804,0 736,6 801,37 15,2 0,27 0,18 6,0
32 800 7,92 812,8 797,0 852,95 15,6 0,95 0,63 6,0
32 800 34,30 856,0 787,4 852,36 15,2 0,28 0,19 6,0
34 850 7,92 863,6 847,8 903,98 15,7 1,00 0,66 6,0
34 850 35,40 909,0 838,2 903,34 15,2 0,29 0,79 0,0
36 900 7,92 914,4 898,6 958,01 15,7 1,00 0,67 6,0
36 900 33,00 955,0 889,0 957,38 15,2 0,36 0,24 6,0
38 950 9,53 965,2 946,1 1009,02 15,7 1,01 0,67 6,0
38 950 35,10 1010,0 939,8 1008,35 15,2 0,36 0,24 6,0
40 1000 9,53 1016,0 996,9 1062,06 15,7 1,03 0,69 6,0
40 1000 38,20 1067,0 990,6 1061,30 15,2 0,33 0,22 6,0
42 1050 9,53 1066,8 1047,7 1113,11 15,7 1,09 0,72 6,0
42 1050 36,30 1114,0 1041,4 1112,33 15,3 0,38 0,25 6,0
44 1100 9,53 1117,6 1098,5 1164,03 15,7 1,01 0,67 8,0
44 1100 36,90 1166,0 1092,2 1163,28 15,2 0,36 0,24 8,0
46 1150 9,53 1168,4 1149,3 1217,08 15,7 1,05 0,70 8,0
46 1150 37,50 1218,0 1143,0 1216,27 15,3 0,37 0,25 8,0
48 1200 9,53 1219,2 1200,1 1268,10 15,7 1,06 0,71 8,0
48 1200 38,60 1271,0 1193,8 1267,26 15,3 0,37 0,25 8,0
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Table 16 — Dimensions for CL 300 integral flanges (IFs)

ISO 27509:2012(E)

CL 300
NPS DN tmin/tmax Anmin Bmax DA3 aA2 aB1 aB2 Rv1
Amax Bmin

mm mm mm mm ° ° ° mm

Y2 15 2,11 21,3 17,1 30,88 15,2 0,30 0,20 3,0
A 15 5,15 22,0 11,7 30,87 15,2 0,24 0,16 3,0
Ya 20 2,11 26,7 22,5 35,88 15,2 0,32 0,21 3,0
Ya 20 7,70 31,0 15,6 35,86 15,2 0,22 0,15 3,0
1 25 2,77 33,4 27,9 42,88 15,2 0,34 0,23 3,0
1 25 9,15 39,0 20,7 42,85 15,1 0,21 0,14 3,0
1% 40 2,77 48,3 42,8 58,88 15,3 0,42 0,28 3,0
4 40 695 520 384 5886 152 036 026 3,0
2 50 2,77 60,3 54,8 71,88 15,3 0,45 0,30 3,0
2 50 8,90 67,0 49,2 71,84 15,2 0,25 0,17 3,0
2V 65 3,05 73,0 66,9 85,86 15,3 0,40 0027 4,0
2V 65 8,65 80,0 62,7 85,83 15,2 0,23 0,15 4,0
3 80 3,05 88,9 82,8 101,96 15,6 0,90 0,60 4,0
3 80 8,05 94,0 77,9 101,90 15,4 0,58 0,39 4,0
4 100 3,05 114,3 108,2 129,90 15,4 0,59 0,39 4,0
4 100 9,85 122,0 102,3 129,84 15,2 0,35 0,23 4,0
5 125 3,40 141,3 134,5 157,90 15,5 0,75 0,50 4,0
5 125 10,40 149,0 128,2 157,82 15,3 0,46 0,31 4,0
6 150 3,40 168,3 161,5 187,86 15,4 0,61 0,41 4,0
6 150 11,95 178,0 154,1 187,77 15,2 0,35 0,23 4,0
8 200 3,76 219,1 211,6 239,88 15,4 0,64 0,42 4,0
8 200 14,65 232,0 202,7 239,77 15,2 0,36 0,24 4,0
10 250 4,19 273,1 264,7 299,96 15,5 0,78 0,52 6,0
10 250 15,70 286,0 254,6 299,80 15,3 0,45 0,30 6,0
12 300 4,57 323,9 314,8 348,89 15,4 0,64 0,43 6,0
12 300 18,35 340,0 303,3 348,72 15,2 0,34 0,23 6,0
14 350 4,78 355,6 346,0 381,92 15,5 0,70 0,47 6,0
14 350 20,85 375,0 333,3 381,71 15,2 0,34 0,22 6,0
16 400 4,78 406,4 396,8 436,01 15,5 0,79 0,53 6,0
16 400 24,50 430,0 38,0 435,72 15,3 0,37 0,25 6,0
18 450 6,35 457,2 444.5 488,01 15,5 0,79 0,52 6,0
18 450 24,65 478,0 428,7 487,72 15,3 0,40 0,26 6,0
20 500 6,35 508,0 495,3 541,04 15,5 0,80 0,54 6,0
20 500 24,10 526,0 477,8 540,76 15,3 0,46 0,30 6,0
22 550 9,53 558,8 539,7 593,04 15,5 0,79 0,53 6,0
22 550 32,85 580,0 514,3 592,65 15,2 0,35 0,23 6,0
24 600 9,53 609,6 590,5 644,14 15,6 0,88 0,58 6,0
24 600 29,70 634,0 574,6 643,76 15,3 0,47 0,31 6,0
26 650 7,92 660,4 644,6 697,16 15,6 0,93 0,62 6,0
26 650 29,80 688,0 628,4 696,73 15,3 0,50 0,34 6,0
28 700 7,92 711,2 695,4 749,07 15,6 0,84 0,56 6,0
28 700 31,80 743,0 679,4 748,66 15,3 0,44 0,30 6,0
30 750 7,92 762,0 746,2 802,24 15,6 0,96 0,64 6,0
30 750 37,00 801,0 727,0 801,67 15,3 0,46 0,31 6,0
32 800 9,53 812,8 793,7 853,14 15,6 0,86 0,57 6,0
32 800 38,10 854,0 777,8 852,61 15,3 0,42 0,28 6,0
34 850 9,53 863,6 844,5 904,32 15,7 0,98 0,66 6,0
34 850 471,70 907,0 823,06 903,60 15,3 0,40 0,37 6,0
36 900 9,53 914,4 895,3 958,23 15,6 0,91 0,60 6,0
36 900 44,50 959,0 870,0 957,57 15,3 0,41 0,27 6,0
38 950 12,70 965,2 939,8 1009,26 15,6 0,92 0,61 6,0
38 950 44,40 1014,0 925,2 1008,60 15,3 0,44 0,29 6,0
40 1000 12,70 1016,0 990,6 1062,28 15,6 0,91 0,61 6,0
40 1000 49,70 1071,0 971,6 1061,53 15,3 0,40 0,26 6,0
42 1050 12,70 1066,8 1041,4 1113,40 15,7 0,97 0,65 6,0
42 1050 46,80 1116,0 1022,4 1112,65 15,3 0,49 0,32 6,0
44 1100 12,70 1117,6 1092,2 1164,50 15,7 1,04 0,69 8,0
44 1100 50,20 1168,0 1067,6 1163,63 15,3 0,48 0,32 8,0
46 1150 12,70 1168,4 1143,0 1217,51 15,7 1,02 0,68 8,0
46 1150 49,80 1218,0 1118,4 1216,67 15,3 0,51 0,34 8,0
48 1200 12,70 1219,2 1193,8 1268,45 15,7 0,98 0,65 8,0
48 1200 50,90 1271,0 1169,2 1267,61 15,3 0,48 0,32 8,0
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Table 17 — Dimensions for CL 600 integral flanges (IFs)

CL 600
NPS DN tmin/tmax Anmin Bmax DA3 aA2 aB1 aB2 Rv1
Amax Bmin

mm mm mm mm ° ° ° mm

Y2 15 2,77 21,3 15,8 30,85 15,1 0,15 0,10 3,0
A 15 7,65 27,0 11,7 30,85 15,1 0,15 0,10 3,0
Ya 20 2,87 26,7 21,0 35,85 15,1 0,15 0,10 3,0
Ya 20 8,70 33,0 15,6 35,85 15,1 0,15 0,10 3,0
1 25 2,77 33,4 27,9 42,85 15,1 0,14 0,10 3,0
1 25 10,15 41,0 20,7 42,84 15,1 0,15 0,10 3,0
1% 40 2,77 48,3 42,8 58,88 15,2 0,29 0,19 3,0
1% 40 1200 586 34-5 5886 154 545 043 30
2 50 2,77 60,3 54,8 71,89 15,2 0,33 0,22 3,0
2 50 15,10 73,0 42,8 71,84 15,1 0,17 0,11 3,0
2V 65 3,05 73,0 66,9 85,91 15,3 0,41 0,27 4,0
2V 65 14,00 87,0 59,0 85,86 15,2 0,26 0,17 4,0
3 80 3,05 88,9 82,8 101,93 15,4 0,53 0,35 4,0
3 80 12,15 98,0 73,7 101,87 15,2 0,34 0,22 4,0
4 100 3,05 114,3 108,2 129,96 15,4 0,57 0,38 4,0
4 100 15,90 129,0 97,2 129,87 15,2 0,33 0,22 4,0
5 125 3,40 141,3 134,5 157,87 15,3 0,46 0,31 4,0
5 125 16,90 156,0 122,2 157,79 15,2 0,27 0,18 4,0
6 150 7,11 168,3 154,1 187,84 15,3 0,44 0,29 4,0
6 150 18,80 184,0 146,4 187,76 15,2 0,25 0,16 4,0
8 200 6,35 219,1 206,4 239,91 15,4 0,58 0,39 4,0
8 200 21,65 237,0 193,7 239,77 15,2 0,29 0,20 4,0
10 250 6,35 273,1 260,4 299,94 15,4 0,59 0,40 6,0
10 250 25,05 293,0 242,9 299,77 15,2 0,31 0,21 6,0
12 300 8,38 323,9 307,1 349,01 15,5 0,67 0,45 6,0
12 300 28,55 346,0 288,9 348,78 15,2 0,35 0,23 6,0
14 350 7,92 355,6 339,8 382,06 15,5 0,73 0,49 6,0
14 350 29,75 377,0 317,5 381,79 15,3 0,37 0,25 6,0
16 400 9,53 406,4 387,3 436,09 15,5 0,72 0,48 6,0
16 400 33,75 431,0 363,5 435,79 15,3 0,37 0,25 6,0
18 450 9,53 457,2 438,1 488,19 15,5 0,81 0,54 6,0
18 450 38,75 487,0 409,5 487,79 15,3 0,39 0,26 6,0
20 500 12,70 508,0 482,6 541,20 15,5 0,81 0,54 6,0
20 500 41,20 538,0 455,6 540,79 15,3 0,39 0,26 6,0
22 550 12,70 558,8 533,4 593,17 15,5 0,75 0,50 8,0
22 550 45,20 592,0 501,6 592,74 15,2 0,35 0,23 8,0
24 600 12,70 609,6 584,2 644,23 15,5 0,79 0,53 8,0
24 600 49,65 647,0 547,7 643,72 15,2 0,35 0,23 8,0
26 650 14,20 660,4 632,0 697,24 15,6 0,83 0,55 8,0
26 650 46,30 697,0 604,4 696,73 15,3 0,41 0,27 8,0
28 700 15,88 711,2 679,4 749,39 15,6 0,92 0,61 8,0
28 700 44,90 745,0 655,2 748,85 15,3 0,51 0,34 8,0
30 750 15(88 762,0 730,2 802,45 15,6 0,95 0,63 8,0
30 750 48,50 799,0 702,0 801,83 15,3 0,50 0,33 8,0
32 800 17,48 812,8 777,8 853,41 15,6 0,89 0,59 8,0
32 800. 48,60 850,0 752,8 852,85 15,3 0,50 0,34 8,0
34 850 17,48 863,6 828,6 904,56 15,6 0,96 0,64 9,0
34 850 oT,70 903,0 /99,6 903,90 10,4 0,53 0,306 9,0
36 900 19,05 914,4 876,3 958,35 15,5 0,78 0,52 9,0
36 900 57,30 957,0 8424 957,75 15,3 0,43 0,28 9,0
38 950 20,00 965,2 925,2 1009,57 15,6 0,92 0,61 9,0
38 950 57,40 1008,0 893,2 1008,86 15,3 0,51 0,34 9,0
40 1000 20,00 1016,0 976,0 1062,68 15,7 0,97 0,65 9,0
40 1000 63,00 1062,0 936,0 1061,82 15,3 0,49 0,33 9,0
42 1050 22,20 1066,8 1022,4 1113,54 15,6 0,85 0,56 9,0
42 1050 59,60 1106,0 986,8 1112,87 15,3 0,50 0,33 9,0
44 1100 22,20 1117,6 1073,2 1164,68 15,6 0,92 0,61 10,0
44 1100 66,20 1160,0 1027,6 1163,85 15,3 0,50 0,33 10,0
46 1150 22,20 1168,4 1124,0 1217,92 15,7 1,03 0,69 10,0
46 1150 71,30 1221,0 1078,4 1216,88 15,4 0,52 0,35 10,0
48 1200 25,00 1219,2 1169,2 1268,61 15,6 0,83 0,55 10,0
48 1200 71,90 1273,0 1129,2 1267,80 15,3 0,46 0,31 10,0
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CL 900
NPS DN tmin/tmax Anmin Bmax DA3 aA2 aB1 aB2 Rv1
Amax Bmin

mm mm mm mm ° ° ° mm

Y2 15 2,77 21,3 15,8 30,85 15,1 0,15 0,10 3,0
A 15 7,65 27,0 11,7 30,85 15,1 0,15 0,10 3,0
Ya 20 2,87 26,7 21,0 35,85 15,1 0,15 0,10 3,0
Ya 20 8,70 33,0 15,6 35,85 15,1 0,15 0,10 3,0
1 25 3,38 33,4 26,6 42,85 15,1 0,15 0,10 3,0
1 25 10,15 41,0 20,7 42,84 15,1 0,15 0,10 3,0
1% 40 2,77 48,3 42,8 58,88 15,2 0,29 0,19 3,0
4 40 1200 586 34-5 5886 154 045 043 3,0
2 50 2,77 60,3 54,8 71,89 15,2 0,33 0,22 3,0
2 50 15,10 73,0 42,8 71,84 15,1 0,17 0,11 3,0
2V 65 3,05 73,0 66,9 85,91 15,3 0,41 0027 4,0
2V 65 16,55 87,0 53,9 85,85 15,2 0,22 0,15 4,0
3 80 3,05 88,9 82,8 101,93 15,4 0,53 0,35 4,0
3 80 15,70 98,0 66,6 101,85 15,2 0,26 0,17 4,0
4 100 3,05 114,3 108,2 129,96 15,4 0,57 0,38 4,0
4 100 18,50 129,0 92,0 129,86 15,2 0,29 0,19 4,0
5 125 6,55 141,3 128,2 157,86 15,3 0,43 0,28 4,0
5 125 20,05 156,0 115,9 157,78 15,2 0,23 0,15 4,0
6 150 7,11 168,3 154,1 187,87 15,3 0,45 0,30 4,0
6 150 24,60 189,0 139,8 187,76 15,1 0,21 0,14 4,0
8 200 6,35 219,1 206,4 239,97 15,4 0,59 0,39 6,0
8 200 29,20 241,0 182,6 239,78 15,2 0,27 0,18 6,0
10 250 7,80 273,1 257,5 299,99 15,4 0,59 0,39 6,0
10 250 31,40 293,0 230,2 299,78 15,2 0,30 0,20 6,0
12 300 8,38 323,9 307,1 349,03 15,4 0,62 0,41 7,0
12 300 36,45 346,0 273,1 348,77 15,2 0,29 0,20 7,0
14 350 9,53 355,6 336,5 382,06 15,4 0,65 0,43 7,0
14 350 41,00 382,0 300,0 381,76 15,2 0,29 0,19 7,0
16 400 12,70 406,4 381,0 436,11 15,4 0,66 0,44 7,0
16 400 48,25 441,0 3445 435,74 15,2 0,28 0,19 7,0
18 450 11,13 457,2 434,9 488,20 15,5 0,73 0,49 7,0
18 450 48,25 495,0 398,5 487,78 15,2 0,33 0,22 7,0
20 500 12,70 508,0 482,6 541,28 15,5 0,77 0,51 8,0
20 500 51,05 545,0 4429 540,81 15,2 0,37 0,24 8,0
22 550 22,23 558,8 514,3 593,26 15,5 0,73 0,48 8,0
22 550 54,55 598,0 488,9 592,83 15,3 0,39 0,26 8,0
24 600 14,27 609,6 581,1 644,44 15,6 0,84 0,56 10,0
24 600 60,60 653,0 531,8 643,83 15,3 0,38 0,25 10,0
26 650 14,20 660,4 632,0 697,46 15,6 0,86 0,57 10,0
26 650 58,80 706,0 588,4 696,85 15,3 0,43 0,29 10,0
28 700 22,20 711,2 666,8 749,16 15,4 0,59 0,39 10,0
28 700 63,90 759,0 631,2 748,73 15,2 0,33 0,22 10,0
30 750 17,50 762,0 727,0 802,29 15,4 0,66 0,44 11,0
30 750 68,00 808,0 672,0 801,75 15,2 0,35 0,23 11,0
32 800 25,00 812,8 762,8 853,31 15,4 0,66 0,44 11,0
32 800 70,60 864,0 722,8 852,78 15,2 0,37 0,24 11,0
34 850 25,00 863,6 813,6 904,73 15,6 0,90 0,60 12,0
34 850 75,70 9715,0 /63,6 903,97 15,3 0,40 0,37 12,0
36 900 22,20 914,4 870,0 958,48 15,5 0,71 0,47 12,0
36 900 77,30 969,0 814,4 957,83 15,3 0,39 0,26 12,0
38 950 30,00 965,2 905,2 1009,85 15,6 0,92 0,61 13,0
38 950 83,90 1023,0 855,2 1008,95 15,3 0,47 0,32 13,0
40 1000 30,00 1016,0 956,0 1062,61 15,5 0,75 0,50 14,0
40 1000 85,50 1077,0 906,0 1061,86 15,3 0,41 0,28 14,0
42 1050 25,00 1066,8 1016,8 1113,96 15,6 0,92 0,61 14,0
42 1050 91,10 1129,0 946,8 1112,92 15,3 0,45 0,30 14,0
44 1100 32,00 1117,6 1053,6 1164,59 15,5 0,70 0,47 15,0
44 1100 92,70 1183,0 997,6 1163,82 15,3 0,39 0,26 15,0
46 1150 36,00 1168,4 1096,4 1217,70 15,5 0,73 0,49 15,0
46 1150 93,30 1225,0 1038,4 1216,92 15,3 0,43 0,28 15,0
48 1200 36,00 1219,2 1147,2 1269,16 15,6 0,93 0,62 16,0
48 1200 102,40 1294,0 1089,2 1268,03 15,3 0,49 0,32 16,0
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Table 19 — Dimensions for CL 1500 integral flanges (IFs)

CL 1500
NPS DN tmin/tmax Anmin Bmax DA3 aA2 aB1 aB2 Rv1
Amax Bmin

mm mm mm mm ° ° ° mm

Y2 15 2,77 21,3 15,8 30,85 15,1 0,15 0,10 3,0
A 15 10,30 27,0 6,4 30,84 15,1 0,15 0,10 3,0
Ya 20 2,87 26,7 21,0 35,85 15,1 0,15 0,10 3,0
Ya 20 10,95 33,0 11,1 35,84 15,1 0,15 0,10 3,0
1 25 3,38 33,4 26,6 42,85 15,1 0,15 0,10 3,0
1 25 12,90 41,0 15,2 42,84 15,1 0,15 0,10 3,0
1% 40 3,68 48,3 40,9 58,88 15,2 0,28 0,19 3,0
1% 40 4500 586 286 5885 154 045 046 30
2 50 3,91 60,3 52,5 71,88 15,2 0,32 0,21 3,0
2 50 17,40 73,0 38,2 71,84 15,1 0,15 0,10 3,0
2V 65 5,16 73,0 62,7 85,90 15,3 0,39 0,26 4,0
2V 65 21,00 87,0 45,0 85,84 15,1 0,16 0,11 4,0
3 80 5,49 88,9 77,9 101,95 15,3 0,49 0,33 4,0
3 80 23,30 105,0 58,4 101,85 15,1 0,21 014 4,0
4 100 6,02 114,3 102,3 129,97 15,3 0,51 0,34 4,0
4 100 27,45 135,0 80,1 129,85 15,2 0,22 0,15 4,0
5 125 9,53 141,3 122,2 157,94 15,3 0,52 0,34 4,0
5 125 26,90 157,0 103,2 157,82 15,2 0,28 0,19 4,0
6 150 10,97 168,3 146,4 187,95 15,3 0,50 0,33 5,0
6 150 33,30 191,0 124,4 187,81 15,2 0,25 0,17 5,0
8 200 12,70 219,1 193,7 239,96 15,3 0,49 0,32 6,0
8 200 40,45 250,0 169,1 239,78 15,2 0,23 0,15 6,0
10 250 12,70 273,1 247,7 300,04 15,4 0,53 0,35 7,0
10 250 49,55 315,0 215,9 299,79 15,2 0,24 0,16 7,0
12 300 14,27 323,9 295,4 349,08 15,4 0,57 0,38 8,0
12 300 56,35 370,0 257,3 348,77 15,2 0,24 0,16 8,0
14 350 19,05 355,6 317,5 382,14 15,4 0,61 0,40 9,0
14 350 59,40 403,0 284,2 381,80 15,2 0,27 0,18 9,0
16 400 21,44 406,4 363,5 436,09 15,3 0,51 0,34 10,0
16 400 66,80 459,0 325,4 435,77 15,2 0,24 0,16 10,0
18 450 23,83 457,2 409,5 488,30 15,4 0,67 0,44 11,0
18 450 74,15 515,0 366,7 487,81 15,2 0,29 0,20 11,0
20 500 26,19 508,0 455,6 541,27 15,4 0,60 0,40 12,0
20 500 82,00 572,0 408,0 540,79 15,2 0,27 0,18 12,0
22 550 34,93 558,8 488,9 593,18 15,3 0,50 0,33 13,0
22 550 91,60 634,0 450,8 592,76 15,2 0,24 0,16 13,0
24 600 30,96 609,6 547,7 644,48 15,5 0,68 0,45 14,0
24 600 98,75 688,0 490,5 643,81 15,2 0,29 0,19 14,0
26 650 32,00 660,4 596,4 697,14 15,3 0,46 0,31 14,0
26 650 102,30 745,0 540,4 696,68 15,2 0,23 0,15 14,0
28 700 36,00 711,2 639,2 749,22 15,3 0,49 0,33 15,0
28 700 106,90 805,0 591,2 748,71 15,2 0,25 0,16 15,0
30 750 36100 762,0 690,0 802,49 15,4 0,62 0,41 16,0
30 750 116,00 864,0 632,0 801,76 15,2 0,28 0,19 16,0
32 800 40,00 812,8 732,8 853,28 15,3 0,50 0,33 16,0
32 800. 107,10 887,0 672,8 852,76 15,2 0,28 0,18 16,0
34 850 40,00 863,6 783,6 904,35 15,3 0,51 0,34 17,0
34 850 108,20 930,0 /13,6 903,80 15,2 0,30 0,20 17,0
36 900 45,00 914,4 824,4 958,49 15,4 0,57 0,38 18,0
36 900 118,80 992,0 754,4 957,84 15,2 0,32 0,21 18,0
38 950 50,00 965,2 865,2 1009,67 15,4 0,64 0,43 19,0
38 950 122,40 1050,0 805,2 1008,93 15,2 0,36 0,24 19,0
40 1000 50,00 1016,0 916,0 1062,47 15,4 0,52 0,35 20,0
40 1000 129,50 1105,0 846,0 1061,82 15,2 0,30 0,20 20,0
42 1050 50,00 1066,8 966,8 1113,66 15,4 0,58 0,39 20,0
42 1050 128,60 1144,0 886,8 1112,94 15,2 0,34 0,23 20,0
44 1100 55,00 1117,6 1007,6 1164,46 15,3 0,50 0,33 22,0
44 1100 144,20 1216,0 927,6 1163,76 15,2 0,28 0,19 22,0
46 1150 60,00 1168,4 1048,4 1217,68 15,4 0,57 0,38 24,0
46 1150 156,30 1261,0 948,4 1216,82 15,2 0,30 0,20 24,0
48 1200 60,00 1219,2 1099,2 1268,47 15,3 0,48 0,32 26,0
48 1200 159,90 1309,0 989,2 1267,73 15,2 0,27 0,18 26,0
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Table 20 — Dimensions for CL 2500 integral flanges (IFs)

CL 2500

NPS DN tmin/tmax Amin Bmax DA3 aA2 aB1 aB2 Rv1
mm /-r;mr;x Ewn;rl: mm ° ° ° mm

Y2 15 2,77 21,3 15,8 30,85 15,1 0,15 0,10 3,0
Y2 15 10,30 27,0 6,4 30,84 15,1 0,15 0,10 3,0
Ya 20 2,87 26,7 21,0 35,85 15,1 0,15 0,10 3,0
Ya 20 10,95 33,0 11,1 35,84 15,1 0,15 0,10 3,0
1 25 3,38 33,4 26,6 42,85 15,1 0,15 0,10 3,0
1 25 12,90 41,0 15,2 42,84 15,1 0,15 0,10 3,0
T 70 3,68 78,3 70,9 58,88 15,2 0,28 0,19 3,0
1% 40 17,35 58,0 23,3 58,84 15,1 0,15 0,10 3,0
2 50 3,91 60,3 52,5 71,90 15,2 0,34 0,23 3,0
2 50 20,55 73,0 31,9 71,85 15,1 0,16 0,10 3,0
2 65 7,01 73,0 59,0 85,92 15,2 0,35 0,23 4,0
2% 65 24,50 90,0 41,0 85,85 15,1 0,17 0,11 4,0
3 80 5,49 88,9 77,9 101,96 15,3 0,44 0,29 4,0
3 80 25,05 104,0 53,9 101,87 15,1 0,22 0,14 4,0
4 100 8,56 114,3 97,2 129,94 15,2 0,37 0,24 5,0
4 100 31,55 133,0 69,9 129,85 15,1 0,18 0,12 5,0
5 125 15,88 141,3 109,5 157,91 15,3 0,39 0,26 6,0
5 125 35,85 163,0 91,3 157,81 16,2 0,22 0,15 6,0
6 150 10,97 168,3 146,4 187,96 15,3 0,45 0,30 7,0
6 150 43,85 196,0 108,3 187,79 15,1 0,20 0,13 7,0
8 200 15,09 2191 188,9 240,071 15,3 0,47 0,31 8,0
8 200 52,95 253,0 1471 239,80 15,1 0,21 0,14 8,0
10 250 15,09 273,1 2429 300,11 15,4 0,52 0,35 11,0
10 250 67,95 319,0 183,1 299,80 15,1 0,22 0,14 11,0
12 300 17,48 323,9 288,9 349,23 15,4 0,60 0,40 13,0
12 300 81,05 376,0 2139 348,80 15,2 0,22 0,15 13,0
14 350 19,05 355,6 317,5 382,26 15,4 0,59 0,40 15,0
14 350 83,20 412,0 245,6 381,81 15,2 0,24 0,16 15,0
16 400 21,44 406,4 363,5 436,44 15,4 0,66 0,44 18,0
16 400 98,30 473,0 276,4 435,85 15,2 0,26 0,17 18,0
18 450 23,88 457,2 409,4 488,32 15,4 0,56 0,37 20,0
18 450 108,90 535,0 317,2 487,77 15,1 0,21 0,14 20,0
20 500 26¢19 508,0 455,6 541,43 15,4 0,61 0,41 22,0
20 500 11.7500 582,0 348,0 540,79 15,2 0,23 0,15 22,0
22 550 53,98 558,8 450,8 593,41 15,4 0,56 0,37 24,0
22 550 122,10 633,0 388,8 592,88 15,2 0,28 0,18 24,0
24 600. 52,37 609,6 504,9 644,53 15,4 0,59 0,40 26,0
24 600 136,20 692,0 419,6 643,86 15,2 0,27 0,18 26,0

8.5 Rigid interface (RI) dimensions

Dimensions specific to rigid interfaces are given in this clause and are defined in Figure 5 and Table 21. Rigid
interfaces shall be made with seal grooves as specified in 8.5. The threaded bolt holes shall be made with
minimum free hole depths and minimum thread engagement lengths as shown in Table 21.

Flange bore shall not exceed the maximum bore listed for WN flanges. Diameters DI1 and DI2 shall be the
same as diameters DW1 and DW2 respectively, and as given in Table 7 to Table 12 for WN flanges. The
thickness of an RI flange shall be minimum 2,5 x HW3 (see 8.4, fourth paragraph). Rigid interfaces with zero
angles aB1 and aB2 may also be used for wafer type valve or equipment designs.
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Figure 5 — Nomenclatures for rigid interfaces
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Table 21 — Bolt related flange data for rigid interfaces (RIs)

Nominal bolt size Free hole depth Free hole plus thread Total depth Bolt hole Recess
engagement diameter
L1+1 L2 +1 L3+ 1 L E2
in mm mm mm mm mm
Ya 13 34 42 15 1,0
%% 15 42 52 18 1,0
% 18 51 62 22 1,0
78 21 59 (2 25 1,0
1 24 67 81 29 1,5
1% 27 75 90 32 1,5
1% 31 82 98 35 1,5
1% 34 90 107 £2 38 1,5
1% 37 99 117 42 1,5
1% 41 107 £ 2 126 45 1,5
1% 44 116 136 49 1,5
1% 47 123 144 52 1,5
2 50 131 153 55 2,0
2% 57 148 171 62 2,0
2% 63 163 188 68 2,0
2% 69 179 206 74 2,0
3 76 195 224 81 2,5
3% 83 211 242 88 2,5
3% 89 227 260 94 2,5
3% 96 243 277 101 2,5
4 102 259 295 107 2,5
NOJTE 1 Thread engagement meets the maximum specified requirements in ASME VI, Div.2:2007, chapter 4.5.3
NO[E 2 Values of L1, L2 @nd L3 may not be applicable for wafer type valves or other pressure accessories with through-hole.
The puter diameter BA3 of the grooves and the groove angle of 15 ° as shown in Figure 6 fand given in
Tablg 22, are onlyvalid for the flat face flanges, i.e. Rl, PS, PB and OS flanges.
ir R
B |
RB
PDA1 -
@DA3 15.0°
Figure 6 — Nomenclatures for IX seal grooves for flat face flanges
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Table 22 — Dimensions of IX seal ring grooves for flat face flanges

DN NPS IX size DA1 DA3 E1 aA2
mm mm mm °

15 Y2 IX15 20,8 30,83 5,30 15,0

20 Ya 1X20 25,8 35,82 5,30 15,0

25 1 1X25 32,8 42,82 5,30 15,0

40 1% 1X40 47,8 58,81 5,58 15,0

50 2 1X50 59,8 71,80 6,19 15,0

65 21 INGYS 728 85 79 679 150

80 3 1X80 87,8 101,77 7,42 15,0
100 4 1X100 113,8 129,75 8,40 15,0
125 5 1X125 139,8 157,68 9,27 15,0
150 6 1X150 167,7 187,66 10,12 15,0
200 8 1X200 217,7 239,62 11,48 15,0
250 10 1X250 2717 299,58 12,90 15,0
300 12 1X300 321,7 348,54 13,97 15,0
350 14 1X350 353,7 381,51 14,63 15,0
400 16 1X400 405,7 435,47 15,63 15,0
450 18 1X450 455,7 487,43 16,54 15,0
500 20 1X500 507,7 540,39 17,63 15,0
550 22 1X550 557,7 592,35 18,45 15,0
600 24 1X600 607,7 643,32 19,23 15,0
650 26 1X650 659,5 696,23 20,00 15,0
700 28 IX700 709,5 748,19 20,92 15,0
750 30 IX750 761,5 801,15 21,65 15,0
800 32 1X800 811,5 852,11 22,32 15,0
850 34 1X850 861,5 903,07 22,97 15,0
900 36 1X900 913,5 957,03 23,82 15,0
950 38 1X950 963,5 1007,99 24,44 15,0
1000 40 1X1000 1015,5 1060,95 25,06 15,0
1050 42 1X1050 1065,5 1111,91 25,65 15,0
1100 44 1X1100 1115,5 1162,87 26,42 15,0
1150 46 1X1150 1167,5 1215,83 27,00 15,0
1200 48 1X1200 1217,5 1266,79 27,54 15,0

8.6 Dimensions of paddle blanks (PB) and paddle spacers (PS)

PB flanges and PS flanges are defined in Figure 7 and Figure 8 respectively, and shall be made with seal
grooves as specified in 8.5. Table 23 lists the minimum thickness of PB flanges and PS flanges. All general
flange dimensions shall be according to WN flanges as listed in Table 7 to Table 12. For PS flanges the bore
shall not exceed the maximum bore listed for WN flanges. For PB flanges the diameter B1 of no sealing

surface shall be the same as for the BL flange; see 8.3 and Table 13.

34
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Figure 8 — Nomenclatures for paddle spacer (PS) flange
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Table 23 — Flange thickness (HP1) for paddle spacer (PS) flanges and paddie blank (PB) flanges

DN NPS | CL150 | CL300 | CL600 | CL900 | CL 1500 | CL 2500
15 V2 17,0 17,0 17,0 17,0 17,0 17,0
20 Ya 18,0 18,0 18,0 18,0 18,0 18,0
25 1 19,0 19,0 19,0 19,0 19,0 19,0
40 1% 22,0 22,0 22,0 22,0 22,0 22,0
50 2 23,0 23,0 23,0 23,0 23,0 25,0
65 Az 23,0 23,0 26,0 26,0 26,0 29,0
80 3 24.0 24.0 26,0 26,0 200 330
100 4 25,0 25,0 31,0 31,0 35,0 39,0
125 5 29,0 29,0 35,0 35,0 40,0 45,0
150 6 32,0 32,0 37,0 40,0 45,0 52,0
200 8 33,0 38,0 44,0 48,0 54,0 63,0
250 10 38,0 44,0 51,0 56,0 65,0 76,0
300 12 42,0 49,0 57,0 64,0 73,0 86,0
350 14 44,0 52,0 61,0 68,0 79,0 92,0
400 16 48,0 57,0 68,0 75,0 87,0 103,0
450 18 52,0 62,0 74,0 82,0 96,0 113,0
500 20 56,0 67,0 80,0 89,0 104,0 126,0
550 22 59,0 72,0 85,0 96,0 112,0 137,0
600 24 63,0 76,0 91,0 102,0 120,0 149,0
650 26 66,0 81,0 97,0 109,0 129,0

700 28 70,0 85,0 102,0 116,0 137,0

750 30 73,0 90,0 108,0 123,0 145,0

800 32 76,0 94,0 113,0 129,0 153,0

850 34 79,0 98,0 119,0 135,0 162,0

900 36 82,0 102,0 125,0 142,0 172,0

950 38 85,0 107,0 131,0 148,0 181,0

1000 40 88,0 111,0 136,0 155,0 190,0

1050 42 91,0 115,0 141,0 161,0 199,0

1100 44 95,0 119,0 147,0 167,0 208,0

1150 46 98,0 124,0 152,0 173,0 217,0

1200 48 100,0 128,0 157,0 179,0 226,0
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Handle and lifting lugs

The handles for paddle blanks and spacers shall follow the design as shown in Figure 9.

Han

Figure 9 — Handles and lifting lugs for paddle blanks (PBs) and paddle spacers (ASs)
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handle and

die-stamped as appropriate with "BLANK" or "SPACER" on both sides with a minimum letter size of 10 mm.

The handles for PSs shall be provided with a @12 mm hole as shown in Figure 9. This hole serves as a
remote visual indicator.

CAUTION

PB handles shall not be supplied with any holes for any purpose to avoid misinterpretation.

The welds of the handles to the flange shall be capable of carrying the mass of the paddle flange. The handle
shall also tolerate lifting the paddle flange from the floor in horizontal position to vertical position without being
bent. Welding shall meet the visual inspection requirements of the appropriate piping design code.

© 1SO 2012 — All rights reserved

37


https://standardsiso.com/api/?name=baf16b3c98cfbcaa5b5e93fb3cbed940

ISO 27509:2012(E)

8.8 Dimensions of orifice spacers (OS)

Orifice spacers for measurement of flow shall have the internal plate and test ports designed and
manufactured (as part of the spacer) in accordance with ISO 5167-1 and 1SO 5167-2:2003, 5.2.3. A design
suitable for compact flanges is shown in Figure 10.

When orifice spacers for measurement of flow are designed in accordance with Figure 10
ISO 5167-2:2003, 5.2.2.3, Table 24 lists the minimum thickness of orifice spacers for measurement of flow.
Adequate spacing between tappings shall be maintained in order to minimize localized heat input. Welding

procedures s

hall be qualified such to avoid distortion of the spacer dimensions and shape.

and

OS may alte
order to mini

30 mm or thI thickness of a PS according to Table 23. Flange tappings shall still be adequately spaced

located at th
The location

Orifice spac
thickness of

Orifice spacgrs shall be made with seal grooves as specified in 8.5. All general flange dimensions sh

according to
as for WN flg

IIIdt;VUiy ;JU dﬂb;glldd ;II dbbUIddllbU VVitiI iSO 5167'22003, 523, IU Wlt;l CUITICI tdppll
Mmize thickness. In this case, however, minimum thickness shall never be less than the grea

centre plane of the spacer.
of the tapping holes shall be in the middle between two bolt holes.
brs without pressure tappings, typically used for throttling of flow only) may use the f

PSs in Table 23.

WN flanges as listed in Table 7 to Table 12. The bore diameter of an OS shall be the exact
nges connected to it.

s in
ter of
, and
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il be
Bame

Key

1/2" Nipp
Compact

B WODN -~

38

HP1

1/2" Flange sch 160 \

le x 90 mm length
flange according to piping class

Orifice spacer with thickness minimum HP1

Figure 10 — Nomenclatures for rigid interfaces
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Table 24 — Thickness, HP1 (mm), for orifice spacers (OS)

ISO 27509:2012(E)

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

50 2 80 80 80 80 80 80

65 2 80 80 80 80 80 80

80 3 85 85 85 85 85 85

100 4 90 90 90 90 90 90

150 6 94 94 94 94 94 94

P00 8 97 97 97 97 97 97

P50 10 101 101 101 101 101 101

300 12 104 104 104 104 104 104

350 14 106 106 106 106 106 106

100 16 109 109 109 109 109 109

150 18 112 112 112 112 112 112

500 20 115 115 115 115 115 115

550 22 118 118 118 118 118 118

B00 24 121 121 121 121 121 121
8.9 | Dimensions of reducing threaded flanges (RTs)
Dimgnsions specific to the reducing threaded flanges«tan be found in Table 25, Table 26 and Tlable 27, and
the npmenclatures are defined in Figure 11. All otheridimensions are found in Table 7 to Table 12 for the WN
flanges. The threaded flanges shall have a taper pipe thread of size DN 15 (NPS %), cpnforming to
ASME B1.20.1, and have a bore, B, at the opposite end of 10 mm for DN 20 or 17,5 mm for all gther nominal

sizes|

unless otherwise specified.

The gpplication of threads according to ISO 7-1 is also acceptable. Marking shall be adapted accordingly.
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Figure 11 — Nomenclatures for RTs
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Table 25 — Dimensions for CL 150 and CL 300 reducing threaded flanges (RTs)

DN NPS AT B1 DA3 aA2 aB1 aB2 HT5 RV1

mm mm mm ° ° ° mm mm
20 Ya 31,0 15,6 35,87 15,2 0,27 0,18 20,0 3,0
25 1 39,0 20,7 42,87 15,2 0,27 0,18 20,0 3,0
40 1% 52,0 38,1 58,85 15,2 0,28 0,18 22,0 3,0
50 2 67,0 49,2 71,84 15,2 0,27 0,18 22,0 3,0

Tablaf 26 — Dimensions for CL 600, CL 900 and CL 1500 reducing threaded flanges (RTs)

Dll NPS AT B1 DA3 aA2 aB1 aB2 HT5 RVA4

mm mm mm ° ° ° mm mm
2 % 31,0 15,6 35,85 15,1 0,15 0,10 25,0 3,0
2 1 39,0 20,7 42,85 15,1 0,15 0,10 25,0 3,0
4 1% 52,0 34,0 58,86 15,1 0,20 0,13 30,0 3,0
5 2 67,0 42,8 71,85 15,1 0,22 0,14 30,0 3,0

Table 27 — Dimensions for CL 2500 reducing threaded flanges (RTs)

DN NPS AT B1 DA3 aA2 aB1 aB2 HT5 RV1

mm mm mm ° ° ° mm mm
2 Ya 31,0 11,1 35,85 15,1 0,15 0,10 25,0 3,0
2 1 39,0 15,2 42,85 15,1 0,15 0,10 25,0 3,0
4 1% 52,0 23,3 58,86 15,1 0,20 0,13 30,0 3,0
5 2 67,0 31,9 74,87 15,2 0,24 0,16 35,0 3,0

8.10 Auxiligry connections

Auxiliary connections or openings for flanged fittings (such as test ports) are not required unless specified by
the purchaser.

Tapping holgs shall be tapped-radially on the outer edge of a flange, centralized between two bolt holeq, and
may either bg threaded or attached by butt welding directly to the outer edge of the flange.

Welding to aftach auxiliary connections to flanges shall be made by a qualified welder using a qualified| weld
procedure in|accordance with the relevant design Code. No welding is accepted in the elliptical transitipn for
the WN flande (se€ Figure 2) as well as in the crotch radius for the IF (see Figure 4) manufactured in ling with
this InternatigpnalhStandard. Socket welding is not acceptable. T

Unless otherwise specified, integrally reinforced branch connections shall be used for welded connections.

Auxiliary connections shall not be made on flange rims smaller than DN 400, or where HW3 is smaller
than 40 mm. The connection shall be DN 15 (NPS %), unless otherwise specified by the purchaser.

8.11 Flange tolerances

Tolerances applicable to all types of flanges according to this International Standard can be found in Table 28.
Medium tolerances specified in ISO 2768-1 shall be used for non specified tolerances.
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Table 28 — Flange dimensional tolerances

ISO 27509:2012(E)

Dimension Flange type Size range Tolerance
mm
Outside diameter at weld end (A) WN < DN 100 -0+0,6
> DN 100 < DN 350 -0+1,0
> DN 350 < DN 600 -0+1,6
> DN 600 -0+2,4
Bore diameter (B) WN, IF, PS, OS, |<DN 100 -0,6+0
RT > DN 100 < DN 350 -1,0+0
> DN 350 < DN 600 -1,6+0
> DN 600 —3,4+0
Outdide diameter of flange (DW3) | WN, BL,IF, PB, |< 150 mm OD 40,5
PS, OS > 150 mm < 620 mm OD 0,8
> 620 mm OD H1,2
Overall length of flange (HW5 and WN, RT <120 mm length 0,8
HT5 =120 mm < 400 mm length H1,2
> 400 mm length H2,0
Flanpe thickness HW3 (HP1) WN, BL, IF, PS, [< 30 mm thickness H0,5
PB, OS,RT |>30 mm <60 mm thicknéss 40,8
> 60 mm < 120 mm thickhess H1,2
> 120 mm thickness H2,0
Groqve OD run out @ ALL <DN 125 -010,10
> DN 125 < DN 600 -010,15
> DN 600 -010,20
ID of groove (DA1) ALL < DN™"25 40,2
> DN*125 < DN 600 H0,3
>.DN 600 H0,5
OD ¢f groove (DA3) ALL <DN 80 +0,05
> DN 80 < DN 550 +0,1
> DN 550 +0,15
Groqve angle (o A2) ALL < DN 500 +0,1°
> DN 500 +(,15°
Facg angle (o B1) WN, IF. BL, RT |all sizes +15%
Effegtive face angle (o B2) WN, IF. BL, RT |all sizes +15%
Rear face angle (o B2) WN, IF. BL all sizes +15%
Flanpe face flatness RI, OS all sizes +7,5 % oflgap at DW3
for blind flange in same
size and pfessure class
IX s¢al grooveddepth (E1) ALL < DN 250 +P,15
> DN 250 < DN 450 +0,20
> DN 450 < DN 650 +P,30
> DN 650 < DN 850 +0,40
> DN 850 < DN 1050 +0,50
> DN 1050 +0,60
Bolt hole diameter (L) ALL Bolt sizes to % in +0,3
Bolt sizes to /g in to 2 % in +0,5
Bolt sizes to 2 ¥4 in to 4 in +0,8
Bolt hole position tolerance ALL Bolt sizes to % in +0,3
Bolt sizes to /g into 2 % in +0,5
Bolt sizes to 2 3/4 into4in +0,8
Bolt hole recess ALL The bolt hole recess as defined by DW1 and DW2 on drawings
is allowed with a machining angle. However, the angle shall
maintain the width of the outer rim, DW3 — DW2.

a Concentricity of the outside diameter of the groove to the centreline of the flange.
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8.12 Surface finish

The flange surfaces shall be machined to comply with the requirements of Table 29 (see Figure 12), i.e. with
the most stringent requirements to the sealing surfaces of the heel and the IX seal groove, see ISO 4287. A
sample of at least 10 % of the batch shall be checked by methods defined in ISO 4288. For integral flanges
the limit of machining is defined by dimension HW5.

It is not acceptable to supply flanges with any imperfections on flange sealing faces (i.e. OD surface of IX
groove, Flange heel face and wedge) as shown in Figure 1.

Table 29 — Surface finish for flanges

Location R4 min. R, max.
um pm
OD surface of IX groove - 0,8
Flange heel face - 0;8
Flange face general and IX groove - 1,6
Bolt holes - 12,5
All other surfaces - 6,3
|
|
| |
| T
i |
} 2
i |
|
i |
| .
|

0.8 1,6i / 1,6i /

Figure 12 — Surface finish

9 Marking of flanges

9.1 Flangps-other than integral flanges

Flanges other than IFs and RlIs shall be marked with the following information:

a) the manufacturer's name or trade-mark (see 9.2) ABCO

b) the type of flange (see Table 2) WN, BL, PB, PS, OS, RT
c) the ISO standard identification ISO NNNN

d) the nominal size (DN) (see 9.3) DN 00

e) the pressure class (CL) designation (see 9.4) CL 000
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f)  the pipe dimensions (see 9.5) 12.5
g) the material designation (see 9.6) A182-F316
h) the thread identification where appropriate (see 9.7) Ya-14NPT
i) the heat number, or melt number or suitable quality
control number traceable to the heat number (see 9.8) 000000
NOTE Where a flange is subsequently used to form an integral part of a component and the compone

pressure rating than that of the flange, the lower rating should be clearly marked on the component,

9.2

Manu
mark

9.3

Only

9.4

Only
nomi
the fl
class

9.5

For ¢
pipes

9.6

The
cond

EXAN
a) A

b) H

Manufacturer's name or trademark

facturer's name or trademark shall be applied. Phrasing shall be such that confusion with
ng of the component is avoided.

Nominal size

nominal diameter (DN) shall be applied. Table 6 governs reference to néminal pipe size (NP|

Pressure class designation

pressure class (CL) in accordance with ASME B16.5 shall be applied. Table 5 governs
hal pressure (PN). When flanges of type BL, OS, PB and’PS are identical for several pres

designations when specified by the purchaser.

Pipe dimensions

tandard pipes, the wall thickness shall-be given in mm to the accuracy of one decimal. For
, the nominal pipe bore and wall thickness shall be given.

Material designation

material designation shall~be the minimum information required to identify the material in
tion, e.g. the grade identification, preceded by the specification (standard) number where ne
PLE

\182-F316

N 10222-5.Gr 1.4462

nt has a lower

subsequent

reference to
bure classes,

Ange shall be marked with the specified pressure class’designation, and can be marked with all pressure

hon-standard

the finished
cessary.

9.7

Identification of internally threaded flanges

Internally threaded flanges shall be marked to indicate the type of thread used.

Threads to ASME B1.20.1 shall be designated by the nominal size, number of threads per inch and the letters

NPT,

e.g. 3/4-14NPT.

Threads to IS0 7-1 shall be designated by the letter symbols Rc or Rp, as appropriate, in accordance with
ISO 7-1 followed by the nominal size, e.g. Rc 3/4.

©1S0
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9.8 Material traceability
The number (either heat-, melt- or quality control number) used to identify the component for material

traceability shall in an unambiguous way link the certification provided with the quality of the material of the
component proper in the finished condition.

9.9 Marking examples

EXAMPLE 1: A 10” class 600 welding neck, WN, from a supplier by the name of XXX supplying in stainless steel from
a heat no. F1245:

XXXIWNJISO 27509/DN250/CL600/9.3/A182-F316/F 1245

EXAMPLE 2: A 6” class 900 blind flange, BL, from a supplier by name YYY supplying in 22Cr. Duplex steel) from heat
no. F1277:

YYY/BL/IBO 27509/DN150/CL 900/A182-F51/F1277

EXAMPLE 3: A 1” class 900 reducing threaded flange, RT, from a supplier by name ZZZ supplying in stainless steql from
heat no. F1299:

ZZZ/RT/IBO 27509/DN25/CL900/0,5"NPT/A182-F316/F1299
Optional mark|ng, see 9.4:

ZZZ/RT/IBO 27509/DN25/CL600-CL1500/0.5"NPT/A182-F316/F 1299
Alternative mgrking in case of threads to ISO 7-1, R¢ %%:

ZZZ/RT/IBO 27509/DN25/CL600-CL1500/ISO7-Rc 0.5/A182-F316/F1299

All flanges, gther than IFs shall be marked with thelsuppliers trade mark followed by the flange designation
and material[charge (cast) identification as follows:

— supplier’s name or trade mark;
— designation according to 5.1;
— cast number of melt identification or suitable quality control number traceable to the cast number.

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

9.10 Stamping

Where steel ptamps are used, the marking shall be positioned on the outer edge of the flange. Care shoyld be
taken to ensure-that steel stamp markings are nat liable to cause cracks in the flange material, i e low stress

die stamps.

10 Dimensions of seal rings

The IX seal ring described in this clause is the only seal ring, which is accepted for use together with the
flanges contained in this International Standard. The IX seal ring design exists in one size per DN covering all
pressure classes included in this standard.

The dimensions and mass of the seal rings are defined by Figure 13 and Table 30. All seal ring surfaces shall

be machined finished with maximum surface roughness in accordance with Table 31 (see ISO 4287).
Dimensional tolerances shall be according to Table 32. Medium tolerances specified in ISO 2768-1 shall be
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used for non specified tolerances. It is not required to machine a specific corner radius inside the groove of
the seal ring.
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Figure 13— IX seal ring nomenclatures
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Table 31 — Surface finish for seal rings

ISO 27509:2012(E)

Location R4 max.
pm
Sealing faces, both sides extending 0,8
from DG7 to DG2, see Figure 13.
All other surfaces 6,3

Table 32 — IX seal ring.di ional tol

Dimension Size range Tolerance
mm
ID (DG1) < 1X80 +0,2
> |X80 < IX350 10,3
> |X350 10,4
Diameter bottom recess (DG5) < 1X80 0,1
> |X80 < IX350 10,2
> X350 0,4
Diameter, DG6 < 1X150 -0/+0,1
> [X150 -0/+0,2
OD of ring (DG7) < 1X150 -0/+0,1
> [X150 -0/+0,2
Height, HG2 < 1X40 10,05
> |X40°< 1X200 0,1
X200 < 1X400 10,2
> [X400 < 1X600 10,3
> |X600 < 1X800 10,4
> |X800 < 1X1000 10,5
> [X1000 10,6
Height to end angle (HG3) < 1X40 +0,05
> |X40 < 1X200 10,1
> |X200 < 1X400 10,2
> [X400 < 1X600 0,3
> [X600 < 1X800 10,4
> |X800 < 1X1000 10,5
> 1X1000 +0,6
Height of ring (HG5) < 1X150 -0,1/+0
> [X150 < 1X350 -0,2/+0
> X350 < IX550 -0,3/+0
> [X550 < IX700 -0,4/+0
> [X700 < 1X900 -0,5/+0
> [X900 < X1100 -0,6/+0
>1X1100 -0,7/+0

© 1SO 2012 — All rights reserved
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11 Inspection and testing of seal rings

No special requirements regarding hardness are required for the IX seal ring as opposed to standard ring-joint
gaskets to ASME B16.20.

It is not acceptable to supply IX seal rings with any imperfections on sealing faces (i.e. outer chamfered
facings) as shown in Figure 13.

12 Coatin

g and colour coding

The applicat
coating may
without impa
with the purc]
it provides a

If seal rings
provide a go

If applying ¢
added to the
paragraph al

13 Markin

All seal rings
charge ident

supplier:

charge i

EXAMPLE
XXX/NSO

Engraving o

edges facing
not damaged

designation;

on of coatings up to a thickness of 30 um on the outer surface of the seal ring is allowed
be PTFE based, and it shall prevent galling between seal ring and the groove during. ass¢
ring the sealing integrity. The type of coating should therefore be qualified to a procedure a
haser. For appropriate initial sealing it is paramount that the coating is evenly distributed, an
smooth and even surface through the whole sealing circumference of the seal ring.

are supplied without coating on sealing surfaces, reference is made to,Annéx F.7.3 on h
bd initial seal with the flange groove. .

plour coding to identify material of seal rings, the colour coding (may be included as pig

ove.

g of seal rings

shall be marked with the suppliers trade mark followed by the seal ring designation and ma
fication, i.e. as follows:

5 name;

Hentification or suitable quality:Control number traceable to the cast number, e.g. F1245.
(XXX supplier):
27509/F1245/1X250/A182F51
other suitablé marking shall be positioned on the inner diameter of the ring or on one ¢

the bottom of the ring grooves of the flanges. Care should be taken that the sealing face
neither-by’the process of marking nor by the prolonged exposure to substances used.

The
mbly
jreed
] that

bw to

ment

coating if this would not impair the functional performance 6f'the coating as outlined ip first

terial

f the
S are

14 Qualitymanagement systems

The product manufacturer may use a quality management system (QMS). Requirements relating to the QMS
are described in Annex C.

15 Bolt di

mensions and masses

Standard bolts to recognized standards for piping materials may be used to assemble flanges according to
this International Standard (see 6.3). Dimensions, i.e. appropriate lengths, number off, and corresponding
weights of sets of bolts and nuts for the different sizes and pressure classes can be found in Annex D, which
also describes the dimensions of washers/sleeves where this should be used, in order to ensure sufficient
length to control bolting load properly during assembly.
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Annex A
(normative)

Pressure temperature ratings and shear capacity of seal rings

A.1 Flange structural capacity and shear capacity of seal rings
A.1.1 General
The flange capacity can be calculated using the equations below. The strength terms in.thé warping moment
limit load capacity is as follows: the first term is the flange ring capacity, second termis the support effect of
the shear force from the pipe to the flange ring and the last term is the neck wall thickness warping resistance.
The feduction factors ¢y, and cg take into account the reduction of the bending-carrying capgcity and the
sheaf force capacity of the neck cross-section as a result of existing neck wall membrane stresges based on
von Mises criterion by the factor J . The capacity equation is as given ifa former revision of EN[ 1591-1, with
a slight modification. The correction factor dg accounting for axialdension force has been neglected and c),
has heen simplified. Bolt interaction effects have been added..Comparison with elastic plastic finite element
analysis has shown a good fit with the proposed simplified equations
A.1.2 Capacity
The @xial load capacity of the flange can be calculated to be according to equation (A.1) for the flange only
and gquation (A.2) for flange and bolt interaction-(bolt prying).
W
Eo= F (A1)
e
B w e
Fp = R Feg % =B (A.2)
€p €p
The Warping moment capacity of the flange including support from the neck is given by:
Ve :gxfy x[2xbeW32 +2,2xCg xHW3xtx,[dp xt +cpy xd,, xtz] (A.3)
wherge
=P A4
Q 2><fy xt (A4)
Cp =+/1-0,75% 53 (A.5)
Cs =\/ch(0,5-0,4><5(-_)) (A.6)
(DW3-B)
=37 7 (A.7)
2
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[ (DW3+DW2)
eg =|——— = —-BCD |x0,5 (A.8)
B 2
[ (DW3+DW2)
ep = f—dp x0,5 (A.9)
A.1.3 Loads
nxDG42 "
Fend =T 4 P A.10)
Fr =Fal+ xM A.11
R =Fal*5cp*Ma (-11)
A.1.4 Flange utilization ratio
Feha +F
=—Hd R (A.12)
min FCB'Ffp)
A.1.5 Allowable utilization ratios
Table A.1 — Allowable utilization ratios
Y <2/3 Design condition for sustained loads
7 <0,9 Desigh condition for sustained loads + displacement load
amplitude
Y <0,8 Design condition for sustained loads + occasional loads sucl| as
wind load, wave and current loads with annual probability of <[10-2
7 <0,9 Hydrostatic pressure test
7 <1,0 Accidental loads, annual probability of < 10-4
EXAMPLE Calculation of compact-flanged connection WN/ISO 27509/DN200/CL1500/18.26
Design pressure: 250 bar
Design tempefature: 100 °C
Design tension: 500 kN
Design bendingmoment: A0KkNmM

MATERIAL PROPERTIES @ 100 °C

Yield strength of flange: fyp = 395 MPa Yield strength of bolts: fyp =672 MPa

50 © 1SO 2012 — All rights reserved
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FLANGE DIMENSIONS

Bolt size

ISO 27509:2012(E)

Pipe outer diameter: A=219,1 mm Pipe wall thickness: t=18,26 mm
Pipe bore diameter: B=A-2t B =182,58 mm

dg = 1.in Bolt root area: ap = 355,41 mm2
Number of bolts: n=16 Total bolt root area Ap = ap.n

A, = 5686,56 mm®

Bolt hole diameter: L =29 mm
Outsifle diameter of flange: DW3 = 365 mm Quter recess diameter: DW2,= 855 mm

HW3 =60 mm Bolt circle diameter: BED = 317,4 nhm

Flangg thickness:

Seal dliameter:

DG4 = 235,10 mm

CALQULATED GEOMETRICAL PROPERTIES:

Pipe ¢ross-sectional area:

Avergge pipe diameter:

Effective flange width:

Distamce pipe wall centre to bolt circle:

Distamce pipe wall centre to outer diameter:

Distafce outer diameter to bolt circle:

LOADS:

S

dy=0,5(A+B)

_DW3=8
2

b L

e 5(BCD - d,) 0,5

DW3+DW2 A+B
e, = - -0,5
2 2

o5 KDW%DWZ}_BCD}.O,E,

2
Internal pressure: p = 250 bar
Applied axial:tension: Fa =500 kN
d-moment: M,’—\ =40 kN m

Appli

AR = 1,152 x 104 mm?2

dp = 200,84 mm

b =62,21 mm

e =58,28 mm

ep = 79,58 mm

eg = 21,3 mm

Resulting applied tension

End cap force:

© 1SO 2012 — All rights reserved

4
Fr=Fp+——M
R A BCD A

n-DG4?
Fend = 2 P

Fr =1,004x10% kN

Fong = 1,085%x103 kN
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CAPACITY CALCULATIONS:
Bolt capacity: Feg = Ap fyb Feg = 3,821 x 103 kN
Flange capacity: p-dp 0q =0,348

oq =

2:f, -t
Cm =1-0.75-54 Cm = 0,953
c [c__(g 4.5 ) C;=0,587
S yom (oo o eq)

Warping capagity: b Ws = 185,324m kN

Tension capagity for F— Wi FA=-3,18 x 103 kiN

flange only: = e

Tension capagity for Wi ep Fip = 3,352 x 103[kN
. I:fp =—+Fp-—

flange only: p p

Flange utilizatjon: v = Feng +FR v =0,623

52 © 1SO 2012 — All rights reserved
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A.2 IX seal ring shear force capacity

ISO 27509:2012(E)

During installation the IX seal shall not be subjected to shear loads greater than the capacity values listed

in Table A.2.

Table A.2 — Shear force capacity of IX seal rings

DN NPS IX size Installation shear
mm in capacity
kN
15 1 X345 99
20 % 1X20 9,9
25 1 1X25 9,9
40 1% 1X40 11,8
50 2 IX50 14,4
65 2% IX65 17,2
80 3 1X80 20,2
100 4 IX100 26,3
125 5 1X125 32,9
150 6 1X150 40,3
200 8 1X200 49,8
250 10 1X250 74,9
300 12 IX300 75,1
350 14 IX350 81,7
400 16 1X400 94,3
450 18 IX450 107,3
500 20 IX500 116,2
550 22 IX550 130,2
600 24 IX600 139,5
650 26 IX650 149,0
700 28 IX700 164,3
750 30 IX750 174,3
800 32 1X800 184,3
850 34 1X850 194,4
900 36 1X900 211,4
950 38 1X950 2221
1050 42 IX1050 244,0
1100 44 IX1100 255,1
1150 46 1X1150 266,5
1200 48 1X1200 277,9

© 1SO 2012 — All rights reserved
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Annex B
(informative)

Integral flange angle selection

B.1 General

. The
thod,

In this anne
most suitablé¢
size limitatio

s etc.

B.2 Method 1: Use flange length HW5 and interpolated face angle within'thicknesis
range given in Table 15 to Table 20

In cases where the total length of the nozzle or equipment is limited for various reasons, the| total
flange/nozzlg length can be selected as HWS5. There will then be sufficient space for inserting the bolt$, but
the equipment geometry may affect the flange warping stiffness. The flange face angles shall then be selgected
from Table 15 to Table 20. DA3, A2, oB1 and oB2 shall be linearly intefpolated based on the actual flange
neck thickneps which in turn is based on the values listed for t.;, and tg ¢

OLBlmax. S B e

0LBlmin, — — — T " | ___———-————ﬁ

Key
X Wall thickness
Y Face andle

1 Standard|range

Figure B.1 — Linear behaviour between wall thickness and flange face angle

B.3 Method 2: Special flange neck geometries

An equipment supplier may require a design beyond the method described above. This may be due to length
requirements for interface with the piping system or equipment space requirements in any other respect.

The approach for finding the correct face angle for such applications is finding an equivalent thickness for the
equipment flange neck within a distance equal the standard flange overall length (HW5). A cross-sectional
area approach gives background for calculating the equivalent wall thickness, from which a relevant face
angle can be found.

Examples are given in B.4.

54 © 1SO 2012 — All rights reserved
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B.4 Examples

B.4.1 Standard flange length with interpolated face angles

Specifications:

Pressure class CL 1500
Pipe size DN 300

Flange neck outer diameter, A _340.0 mm

Flange neck inner diameter, B 288,9 mm
Flange neck wall thickness, t 25,55 mm
Optimized seal groove outer diameter:

DA3 — (DA3max _DA3min)

X (tmax — 1)+ DA3
(tmax _tmin) ( max ) min
349,08 348,77
~ 56,35-14,27

Optimized seal groove angle:

p2 = (OP2max —OAZmin) g )y oa

(tmax - tmin )
= Mx(ssss —2555)+15,2 =15,3°
56,35-14,27

Optimized face angle:

B1 —aB1.;
1 = Blmax=Blmin) G 4181,
(tmax_tmin)

_0,57-0,24
 56,35-14,27

Optimized rear face bevel angle:

_ (0B2ax —0B2pyi)

B2  —\T%max ~®BZmin) 41,2
e —toi) (tmax —t)+0B2mn
__038-016 5635 2555)+016 = 032°
56,35 14,27

% (56,35 —25,55)+ 348,77 = 349 mm

%(56,35-25,55)+0,24 = 0,48°

All other dimensions shall be according to specified values.

© 1SO 2012 — All rights reserved
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(B.1)

(B.2)

(B.4)
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B.4.2 Special flange neck geometries with interpolated face angle from cross-sectional area
estimation (non-standard flange neck geometry)

Specifications:
Pressure class CL 1500
Pipe size DN 750

Valve dimensions (see Figure B.2):

Flange neck jouter diameter, A 864,0 mm
Flange neck|inner diameter, B 682,0 mm
Flange neck jwall thickness, t 91,0 mm

Dimensions in millimetres

Q€
146
| %

90,5

N
N

186

N

7

@ 682

® 864

Figure.B.2 — Valve design, example B.4.2

Other essential dimensions:

Flange overdll length, HW.5 304,0 mm

Flange thickness, HW3 186,0 mm

56 © 1SO 2012 — All rights reserved
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PA
t
| 1 4
| r r
By 1 |
N 2 i .
2 3 i . =
] -
! ! o
| =
. jan
| A \// |
| I
?B
Key
1 Ayp = Area neck/pipe
2 Ay, = Area additional from valve body
3 A = Area flange ring, pipe part

Figure B.3 — Cross-sectional areas, example B.4.2

True|cross-sectional area for actual wall thickness (see Figure B.3.):

Areaeqv =A, +An,p +Ayy =

HW5 -HW3-90,5

(HW5<HW3 —90,5)x
tan(30°)

=HW3xt+[ (HW5-HW3)xt]+ 5

304,0-186,0-90,5

(304,0 —186,0 —90,5)x

~186,0x91,0+[(304,0 £186,0)x 91,07 + . tan(30°) 128319 mm?
(B.5)
Equivalent wall thickness:
Area
- equ _ 28319 _ 93,15 mm (B.6)

eay HW5 304

This equivalent wall thickness is within standard range. Hence optimized dimensions can be calculated from
interpolation as shown below.

Optimized seal groove outer diameter:

DA3,ax —DA3 i
_ (DASmax =DASmin) (4 tooy)+DAB
(tmax —tmin) (B.7)

_ 8024980176 146 00— 93,15)+80176 = 801,97 mm
116,0-36,0

DA3

© 1SO 2012 — Al rights reserved 57
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Optimized seal groove angle:

a2 =

(A2 max — A2 min)
(tmax _tmin)

15,4-15,2

X(tmax — tequ)+ @A2min

=————"x(116,0-93,15)+15,2=15,3°

116,0-36,0

Optimized face angle:

(“B1max _“B1min)

oB1 = y X(tmax —teqv)+aBlmin

(B.8)

Optimized re

oB2

All other dim
If the equiva

on the assy
procedure).

B.4.3 Speg
diameter a

Pipe requirer
Pressure cla
Pipe size

Valve dimen
Flange neck
Flange face

Flange neck

| 062-0,28
116,0-36,0

i (0B2max — 0B2pin) x

{o041-019
17116,0-36,0

(t —t .
CTTEX T

%x(116,0-93,15)+0,28 =0,38°

ar face bevel angle:

(tmax —teqv)+oB2nin
(tmax - tmin)

(116,0-93,15)+0,19 =0,25°

bnsions shall be according to specified values.

nd cross-sectional area estimation
nents:
5S CL 1500

DN 700
sions (see Figure B.4).
outer diameter{A 769,0 mm
nner diameter, Bf 639,0 mm

inner 'diameter, Bn 591,0 mm

iamaatar tranoitian hi an
3 A%

ial flange neck geometries with interpolated face angle from effective inner

B.10)

ent wall thickness for an application is outside standard range, extrapolation can be done hased
med linearity both within and outside the wall thickness range (see example in B.4¢4 for

Height of inn

58

b A
o UTarmTotoeT udan IOIlIUII, LIL
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Dimensions in millimetres

|

|

} % :

| $591 L

i N
\\NL =

| ~ N

| 3639 |

$569

Figure B.4 — Valve design, example B:4.3

PA
I A A A A
N 1 |
B 2 |
| N
=
| —— =
| ™
7 3 | | c
= 4 N =
| [
@Bn
@Bf
Key
1 Ay = Area additional from valve body
2 AdigT Area necki/pipe
3 Ay = Area flange ring, pipe part
4 A, = Area flange ring ID transition, pipe part

Figure B.5 — Cross-sectional areas, example B.4.3
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True cross-sectional area for actual wall thickness (see Figure B.5):

Areagqy = A+ A +Anp +Ayy = 2643 1mm? (B.11)

where
A-B, N A—By 7690-5910 N 7690-6390

A =htx%=90x 2 5 2 = 6930 mm? (B.12)
and

A = (HW3 —hy)x A‘ZBn — (1820 -90)x 1820 =990 _ 4158 mm? B.13)
and

Anjp = (HW5 -HW3)x A _ZB” =(285,0 —182,0)xw =9167 mm? (B.14)
and

Ay = rixr —mixr? x%:100x100—nx1002 — 2146 mm? B.15)
Here the arga A,,, is assumed to be inscribed of the quarter Citcle formed by the simplification of the jouter
neck transitign into the larger valve body. “r’ equals the transition radius.
Equivalent wall thickness:

Area
t eqv _ 26431 _ 45 74 mm B.16)

e ~Tqw5 2850

This equivalgnt wall thickness is within\standard range. Hence optimized dimensions can be calculat¢d by

interpolation fas shown below.
Optimized sgal groove outer djameter:

DA3 s (DA3max _DASmin)X(tmax —teqv)+DA3pmin

(tmax 7 tmin )
| 7492274871
T 106,90~36,0

(106,90 -92,74)+748,71=748,81mm

B.17)

Optimized seat grooveat |gic:.

_ (A2pax — A2pin )

aA2 % (tmax —teqy)+ @A2min

(tmax _tmin)

- 1532152, (406,90 92,74)+15,2 = 15,2°
106,90 - 36,0

60

(B.18)
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Optimized face angle:

(aB1max - O’B1min )
(tmax - tmin )

049025 , 14690 -9274)+025=030°
106,90 - 360

oB1 = ><(tmax _teqv )+aB1min

Optimized rear face bevel angle:

(a'Bzmax - U‘BZmin ) %

(tm_ax — tm,i_p )

oB2 =

(tmax - teqv )+ aBZmin

ISO 27509:2012(E)

(B.19)

(B.20)

__083-016 _ 10690-9274)+016=019°
106,90 36,0

All other dimensions shall be according to specified values.

If the| equivalent wall thickness for an application is outside standard range, extrapolation can bg

on the assumed linearity both within and outside the

wall thickness range (see/B,2).

done based

B.4.4 Special flange neck geometries with extrapolated face angle from effective inner
diameter in “extended range” and cross-sectional area estimation

Pipe requirements:
Pressure class CL 1500
Pipe size DN 700
Valvg dimensions (see Figure B.6):
Flange neck outer diameter, A
Flange face inner diameter, Bf
Flange neck inner diameter, Bn

Heiglnt of inner diameter transition, ht 73,7

769,0 mm
581,0 mm

555,0 mm

mm

The ¢ross-sectional area estimation follows the previous example.

True [cross-sectignal area for actual wall thickness (see Figure B.5).

Areadgr= A+ A +App + Ay, =32162 mm

2

(B.21)

where

769,0 —555

,0  769,0-581,0
+

=73,7x 2

2 — 7 407 mm?
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Dimensions in millimetres

| A A
| ? o
| SO
i $555 NS I\IK
| NN
| N 3
| e \
! m I\
| |
| |
$581
769
Figure B.6 — Valve design, example B.4.4
and
A = (HW3 —hy)x A-Bn _ (182,0 - 73,7)><M =11588-mm? (B.23)
and
A-B -
Anjp = (HWSE -HW3)x 5 n =(285,0—182,0)XM=11021 mm? B.24)
and
Ay =t - mxr2 x%:100x100—nx1002 = 2146 mm? (B.25)
Here the arga A, is assumed.to-be inscribed of the quarter circle formed by the simplification of the jouter
neck transitign into the larger.valve body. “r’ equals the transition radius.
Equivalent wgll thickness:
Area
tequ = oy~ 32162 _ 115 85 mm (B.26)

HwS 285

This equivalent wall thickness is outside standard range. Optimized dimensions shall be calculated by

extrapolation

in the “extended” wall thickness range as shown below.

First we check for what wall thickness will cause the face bevel angle to reach 0,15:

0

_ 0,15°-0aB1,n _0,15°-0,25 _
to1s _—“B1min —oBl, +tmax = 0.25-049 +106,90 = 136,44 mm
t t 106,90 - 36,0

62

max ~ ‘min

(B.27)
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Extrapolation in “extended range” for optimized face angle:

aB o — @Bl 0,49-0,25
106,90 — 36,0

112,85 -36,0

~0,49- =0,23°

aBl1=aBlx — i
max min
teqv ~Imin

Extrapolation in “extended range” for optimized seal groove outer diameter:

DA3,2x — DA3 i 749,22 - 748,71

ISO 27509:2012(E)

DA3 =DA3 - =749,22 — =748,67 mm
max tax — tmin 106,90 — 36,0
t eyt 11285 — 360
0,60
15 3 U AP P, o~
0,45 T~
0,30 : ~
aBlyin | ooooo.... ........:............ ...............}N
aB1 —
0,15 °
0,00 : X
0,00 20,00 40,00 60,00 80,00. 100,00 120,00 140,00
tmin. tmax. t
[—1 +=2 3]
Key

Vall thickness [mm]
Face angle [°]
btandard range
Fxtended range

w N =S <X

Minimum angle

(B.28)

(B.29)

Figure B.7 — Linear behaviour between wall thickness and flange face angle for “extended” range

Extrgpolation in “extended range” for optimized seal groove angle:

A2 ax ~ A2 15,3-15,2
pA2 = a2 ——— X M =153 e =15,2°
MEC tmax = tmin 106,90 -36,0
togy —toi 112,85 36,0
eqv min

Extrapolation in “extended range for optimized rear 1ace bevel angle.

oB2 — oB2i 0,33-0,16
oB2 = oB2 _Pfmax “¥Femin _g33__—O° 02 _gq50
teqv —tmin 112,85 -36,0

All other dimensions shall be according to specified values.

© 1SO 2012 — Al rights reserved
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The product
system (QM

:2012(E)

Annex C
(informative)

Quality management system

s may be manufactured in accordance with the principles of an appropriate quality management
S) standard. In such a case, a determination of the need for registration and/or certification of the

product manufacturer's QMS by an independent organization shall be the responsibility of the manufacturer.

The detailed documentation demonstrating QMS compliance shall be available to the purchaser 'dt the
manufacturef’s facility. A written summary description of the QMS utilized by the product manufacturer| shall

be available

fo the purchaser upon request. The product manufacturer is defined as the entity Whose nafne or

trademark appears on the product in accordance with the marking or identification requirements of this

International

64

Standard.

© 1SO 2012 — All rights reserved


https://standardsiso.com/api/?name=baf16b3c98cfbcaa5b5e93fb3cbed940

(normative)

Annex D

Bolt dimensions and masses

ISO 27509:2012(E)

Table D.1 to Table D.6 give all dimensional data for the bolts to be used except when connecting to wafer type
valves and special flange nozzles using extra flange thickness exceeding HW3; see 8.4 and Figure 4. In the
columns for washers when using tension tools, the minimum washer thicknesses to achieve sufficient

length/diameter ratio are listed. This minimum washer thickness is included in the bolt lengths listed for
tensipn tools. If greater washer thickness is used, the bolt lengths shall be increased accordingly.
Table D.1 — Length of stud bolts for CL 150
Bolting Torque tool Tension tool Mass of stud bdIt and nuts
Length of stud Length of "Washer" "Washer™ Torque tool Tension tool
bolts stud bolts (thickness)
DN || Nom. | Number | Nominal | Standard | LB |Standard| LB | WN/BL | LB/WN ODAD Standard | LB bolt | $tandard | LB
size diameter mm mm mm mm mm mm mm bolt set set bolt set bolt
NPS in kg kg kg set
kg
15 Y 4 A 70 85 110 110 28 10 26/ 14 0,5 0,5 0,6 0,6
20 Ya 4 Y 70 85 110 110 28 9 26/ 14 0,5 0,5 0,6 0,6
25 1 4 A 70 90 110 110 28 8 26/14 0,5 0,6 0,6 0,6
40 1% 4 Y 70 90 110 110 28 5 26/14 0,5 0,6 0,6 0,6
50 2 4 A 70 90 110 110 28 4 26/14 0,5 0,6 0,6 0,6
65 2V 4 Y 70 95 110 1o 26 4 26/14 0,5 0,6 0,6 0,6
80 3 8 A 75 100 110 110 22 26/14 1,0 1,2 1,3 1,3
100 4 8 A 85 110 140 120 14 26/14 1,1 1,3 1,3 1,3
125 5 12 A 90 120 110 130 7 26/14 1,7 2,0 1,9 2,1
150 6 12 A 95 125 105 140 1,7 2,1 1,8 2,2
200 8 12 A 90 125 110 135 5 26/14 1,7 2,1 1,9 2,2
250 10 16 A 105 140 115 155 2,5 3,0 2,6 3,2
300 12 20 A 110 150 120 165 3.2 3,9 3,3 4,2
350 14 20 A 115 160 125 170 3,3 4,1 34 4,2
400 16 20 % 130 180 145 195 58 7.2 6,2 7,6
450 18 20 2 140 190 155 205 6,1 7,5 6,5 7.9
500 || 20 24 % 145 205 165 220 7,5 9,5 8,1 10,0
550 || 22 28 % 155 215 170 230 9,1 11,4 9,7 12,0
600 || 24 24, % 170 235 190 255 12,4 15,6 13,4 16,5
650 || 26 24 % 180 250 200 265 12,9 16,3 13,9 17,0
700 || 28 28 % 190 260 210 280 15,6 19,6 16,8 20,7
750 || 30 32 % 200 270 215 290 18,5 23,0 19,5 24,3
800 L—32 36 34 205 286 205 366 242 26:6 22,6 28,1
850 | 34 40 % 210 290 230 310 24,0 30,4 25,6 32,0
900 | 36 32 % 230 310 250 335 28,8 35,8 30,6 38,0
950 | 38 36 % 240 325 260 345 33,4 41,8 35,4 43,8
1000 | 40 40 % 245 335 270 355 37,7 47,5 40,4 49,7
1050 | 42 44 % 250 345 275 365 42,0 53,5 45,0 55,9
1100 | 44 44 % 260 355 280 375 43,2 54,7 45,6 57,1
1150 | 46 48 % 265 365 290 385 47,8 61,0 51,1 63,6
1200 | 48 52 % 275 375 295 395 53,2 67,5 56,1 70,3
NOTE See E.11.2 for “Torque tool” and see E.11.3 for “Tension tool”.
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Table D.2 — Length of stud bolts for CL 300

Bolting Torque tool Tension tool Mass of stud bolt and nuts
Length of stud Length of "Washer" "Washer" Torque tool Tension tool
bolts stud bolts (thickness)

DN | Nom. | Number | Nominal | Standard | LB |Standard| LB | WN/BL | LB/WN OD/ID | Standard | LB bolt | Standard | LB
size diameter bolt set set bolt set bolt

mm mm mm mm mm mm mm set

NPS in kg kg kg

kg

15 A 4 Y 70 85 110 110 28 10 26/14 0,5 0,5 0,6 0,6
20 Y4 4 Vs 70 85 110 110 28 9 26/14 0,5 0,5 0,6 0,6
25 1 4 Ve 70 90 110 110 28 8 26/14 0,5 0,6 0,6 0,6
40 1% 4 Y 70 90 110 110 28 5 26/14 0,5 0,6 0,8 0,6
50 2 4 Ve 70 90 110 110 28 4 26/14 0,5 0,6 0,6 0,6
65 2% 4 Y 70 95 110 110 26 4 26/14 0,5 0,6 0,6 0,6
80 3 8 Ve 75 100 110 110 22 26/14 1,0 1,2 1,3 1,3
100 4 8 Y 85 110 110 120 14 26/14 1,1 1,3 1,3 1,3

125 5 12 Ve 90 120 110 130 7 26/14 1,7 2,0 1,9 2,1
150 6 12 Y 95 125 105 140 1,7 2,1 1,8 2,2

200 8 12 %% 115 155 135 170 3,2 3,9 3,6 4,1
250 10 20 % 130 175 145 190 5,8 71 6,2 7,5
300 12 20 %% 140 190 155 205 6,1 75 6,5 79
350 14 24 % 145 200 165 215 7,5 9,3 8,1 9,8
400 16 24 Ya 170 225 190 245 12,4 15,1 13,4 16,1
450 18 28 Y4 180 240 200 260 15,1 18,5 16,2 19,6
500 20 24 Y 200 265 220 290 19,6 23,9 21,0 25,6
550 22 28 Y% 210 280 230 305 23,7 29,0 25,2 31,0
600 24 28 1 230 310 260 335 33,9 41,9 36,9 44,4
650 26 32 1 240 325 270 350 39,8 49,6 43,3 52,4
700 28 32 1 250 335 280 365 41,0 50,7 44,4 54,2
750 30 32 1% 275 365 300 390 57,1 70,1 60,7 73,8
800 32 32 1% 285 375 310 405 58,5 71,6 62,2 75,9
850 34 32 1Y 300 400 335 430 76,5 94,4 82,8 99,8
900 36 32 1% 310 415 345 445 78,3 97,1 84,6 102,5
950 38 36 1% 320 430 355 460 90,1 112,3 97,2 118,3
1000 | 40 40 e 335 445 365 480 103,5 128,1 110,2 136,0
1050 | 42 36 1% 350 465 385 500 118,6 146,6 1271 155,2
1100 | 44 40 1% 360 480 395 515 134,5 167,0 144,0 176,5
1150 | 46 36 1% 380 505 420 540 153,0 189,3 164,6 199,4
1200 | 48 36 1% 390 515 425 555 155,9 192,2 166,1 203,8

NOTE See E.11.2 for “Torque tool” and see E.11.3 for “Tension tool”.
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Table D.3 — Length of stud bolts for CL 600

Bolting Torque tool Tension tool Mass of stud bolt and nuts
Length of stud Length of "Washer" "Washer" Torque tool Tension tool
bolts stud bolts (thickness)

DN | Nom. | Number | Nominal | Standard | LB |Standard| LB | WN/BL | LB/WN OD/ID | Standard | LB bolt | Standard | LB
size diameter bolt set set bolt set bolt

mm mm mm mm mm mm mm set

NPS in kg kg kg

kg

15 Ya 4 Ya 80 95 110 110 18 4 26/14 0,5 0,6 0,6 0,6
20 A 4 Ya 80 95 110 110 18 4 26/14 0,5 0,6 0,6 0,6
25 1 4 Y2 80 100 110 110 18 26/14 0,5 0,6 0,6 0,6
40 1% 8 Ya 85 105 110 120 12 26/14 11 1,2 1,3 1,3
50 2 8 Y2 85 110 110 120 12 26/14 11 1,3 1,3 1,3

65 2% 12 Ya 90 115 110 130 5 26/14 147 2,0 1,9 2,1

80 3 12 Y2 90 115 110 125 7 26/14 17 2,0 1,9 21
100 4 12 % 110 140 135 155 10 3147 3,1 3,6 3,6 3,9

125 5 12 % 115 150 135 170 3.2 3,8 3,6 4,1

150 6 12 % 120 155 135 170 3,3 3,9 3,6 4.1
200 8 20 % 135 175 150 195 59 7.1 6,4 7,6
250 10 20 Y 160 210 180 230 10,0 12,0 10,8 12,8
300 12 20 % 180 240 205 260 15,3 18,6 16,6 19,7
350 14 24 Y% 190 250 210 275 19,0 22,9 20,3 24,6
400 16 24 1 215 285 240 310 27,7 33,8 29,9 35,9
450 18 24 1% 235 310 265 340 38,5 46,6 41,7 49,9
500 20 28 1% 250 330 275 355 46,8 56,9 50,0 60,1
550 22 24 1Y 270 355 305 390 53,4 64,8 58,1 69,5
600 24 28 1% 285 375 315 405 64,6 78,7 69,3 83,4
650 26 32 1Y 295 390 325 420 75,7 92,7 81,0 98,0
700 28 32 1% 315 415 350 450 97,9 119,5 105,4 1271
750 30 36 1% 325 435 360 470 112,5 139,3 1211 147,9
800 32 32 1% 350 460 385 500 128,3 156,6 137,3 167,0
850 34 32 1.% 370 485 410 530 159,0 193,8 1711 207,4
900 36 32 1% 390 515 435 560 165,1 202,9 178,7 216,5
950 38 32 1% 400 535 445 580 207,5 257,4 2241 272,3
1000 || 40 36 1% 415 550 460 595 239,6 295,9 258,4 314,6
1050 || 42 32 1% 445 585 490 63 259,3 318,8 278,4 3443
1100 || ~44 36 1% 455 600 500 650 296,4 365,8 318,0 389,7
1150 | 46 36 2 470 620 520 670 353,5 435,1 380,7 462,4
1200 | 48 36 2 500 655 550 705 369,8 454,2 397,1 481,9

NOTE See E.11.2 for “Torque tool” and see E.11.3 for “Tension tool”.

© 1SO 2012 — Al rights reserved 67


https://standardsiso.com/api/?name=baf16b3c98cfbcaa5b5e93fb3cbed940

ISO 27509:2012(E)

Table D.4 — Length of stud bolts for CL 900

Bolting Torque tool Tension tool Mass of stud bolt and nuts
Length of stud Length of "Washer" "Washer" Torque tool Tension tool
bolts stud bolts (thickness)
DN | Nom. | Number | Nominal | Standard | LB |Standard| LB | WN/BL | LB/WN OD/ID | Standard | LB bolt | Standard | LB
size diameter bolt set set bolt set bolt
mm mm mm mm mm mm mm set
NPS in kg kg kg
kg
15 A 4 Y% 80 95 110 110 18 26/14 0,5 0,6 0,6 0,6
20 A 3 0 80 95 10 10 8 2011 05 06 0,6 0,6
25 1 4 Ya 80 100 110 110 18 26/14 0,5 0,6 0,6 0,6
40 1% 8 Y% 85 105 110 120 12 26/14 1,1 1,2 1,3 1,3
50 2 8 Ya 85 110 110 120 12 26/14 1,1 1,3 1,3 1,3
65 2% 12 Y 90 115 110 130 5 26/14 1,7 2,0 1,9 2,1
80 3 12 Ya 90 115 110 125 7 26/14 1,7 2,0 1,9 2,1
100 4 12 % 110 140 135 155 10 3117 341 3,6 3,6 3,9
125 5 12 %% 115 150 135 170 3,2 3,8 3,6 4,1
150 6 16 %% 125 165 145 185 4,5 54 5,0 59
200 8 20 Ya 155 200 175 220 9,8 11,6 10,6 12,4
250 10 20 Y 180 240 205 260 15,3 18,6 16,6 19,7
300 12 20 1 205 270 230 295 22,4 27,1 24,2 28,8
350 14 24 1 215 285 240 310 27,7 33,8 29,9 35,9
400 16 24 1% 240 315 270 345 39,0 47,2 42,3 50,4
450 18 24 1Y 265 345 295 375 52,7 63,5 56,7 67,5
500 20 24 1% 285 375 320 410, 68,5 83,1 74,2 88,8
550 22 24 1% 310 405 350 445 88,5 106,9 96,2 114,6
600 24 24 1% 330 435 375 475 110,2 134,0 120,4 143,1
650 26 24 1% 355 465, 400 510 1431 173,6 155,6 186,1
700 28 24 1% 390 505, 435 550 152,8 184,8 165,3 197,3
750 30 24 1% 410 535 460 585 183,3 2231 199,2 239,1
800 32 24 2 435 565 485 615 223,0 270,1 2411 288,3
850 34 24 2V 450 585 505 640 297,9 359,9 323,2 385,2
900 36 24 A 485 625 540 685 314,0 378,3 339,3 405,8
950 38 24 2% 495 640 555 705 403,5 485,6 437,5 522,5
1000 | 40 24 2% 525 680 590 745 420,5 508,3 457,3 545,2
1050 | 42 28 2% 530 690 595 755 493,8 599,6 536,8 642,6
1100 | 44 28 2 576 736 836 806 5203 620-4 560,0—1672,4
1150 | 46 28 2% 595 770 665 840 663,7 803,7 719,7 859,7
1200 | 48 28 3 605 785 685 860 818,0 989,4 894,2 |1060,9
NOTE See E.11.2 for “Torque tool” and see E.11.3 for “Tension tool”.
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Table D.5 — Length of stud bolts for CL 1500

Bolting Torque tool Tension tool Mass of stud bolt and nuts
Length of stud Length of "Washer" "Washer" Torque tool Tension tool
bolts stud bolts (thickness)
DN | Nom. | Number | Nominal | Standard | LB |Standard| LB | WN/BL | LB/WN OD/ID | Standard | LB bolt | Standard | LB
size diameter bolt set set bolt set bolt
mm mm mm mm mm mm mm set
NPS in kg kg kg
kg
15 Ya 4 Ya 80 95 110 110 18 26/14 0,5 0,6 0,6 0,6
20 7 3 0 80 95 10 10 8 20117 05 06 0,6 0,6
25 1 4 Y2 80 100 110 110 18 26/14 0,5 0,6 0,6 0,6
40 1% 8 Ya 85 105 110 120 12 26/14 11 1,2 1,3 1,3
50 2 8 Y2 85 110 110 120 12 26/14 11 1,3 1,3 1,3
65 2% 12 Ya 90 115 110 130 5 26/14 1,7 2,0 1,9 2,1
80 3 12 % 105 135 135 150 12 3117 3,1 3,6 3,6 3,8
100 4 12 Y 130 165 160 180 12 53 6,1 6,0 6,5
125 5 12 % 150 190 185 210 14 8,2 9,5 9,3 10,1
150 6 12 1 170 215 210 240 14 11,9 13,9 13,7 14,9
200 8 16 1 190 245 215 270 171 20,2 18,5 21,6
250 10 16 1Y 235 300 265 330 32,5 38,3 35,1 41,0
300 12 20 1% 250 320 280 355 42,2 50,1 45,6 54,0
350 14 20 1% 265 345 300 380 54,4 65,2 59,1 70,0
400 16 20 1% 305 390 345 430 72,9 86,6 79,4 93,1
450 18 20 1% 330 425 375 470 113,5 1354 123,9 145,9
500 20 20 1% 365 470 H5 520 140,8 168,7 1541 182,0
550 22 20 2 405 515 455 565 176,8 210,0 191,9 2251
600 24 20 2% 425 545 480 600 238,7 284.,6 259,8 305,7
650 26 20 2% 475 605 535 665 257,9 307,6 280,8 330,5
700 28 24 2% 495 635 555 690 318,6 382,9 346,2 408,1
750 30 24 2% 520 665 580 725 417,6 499,8 451,6 533,8
800 32 24 2% 550 705 615 765 434,6 522,5 471,5 556,5
850 34 24 2% 585 750 655 820 562,0 675,2 610,0 723,2
900 36 20 3% 630 800 710 885 720,1 855,8 784,0 923,7
950 38 20, 3% 650 830 740 920 882,5 1050,1 966,3 |[1133,8
1000 || 40 24 3% 685 875 765 955 916,8 1098,8 9934 11755
1050 || 42 20 3% 725 920 820 1020 1108,2 | 1317,6 1210,3 |1425,0
1100 L—a4 24 3 45 956 836 1046 +469-6——1405:3 1270,5 |1506,3
1150 | 46 24 3% 770 990 865 1085 1387,9 | 1671,4 1510,3 |1793,8
1200 | 48 24 3% 815 1040 910 1135 1445,9 | 17358 1568,3 |1858,3

NOTE See E.11.2 for “Torque tool” and see E.11.3 for “Tension tool”.
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Table D.6 — Length of stud bolts for CL 2500

Bolting Torque tool Tension tool Mass of stud bolt and nuts
Length of stud Length of "Washer" "Washer" Torque tool Tension tool
bolts stud bolts (thickness)

DN | Nom. | Number | Nominal | Standard | LB |Standard| LB | WN/BL | LB/WN OD/ID | Standard | LB bolt | Standard | LB
size diameter bolt set set bolt set bolt

mm mm mm mm mm mm mm set

NPS in kg kg kg

kg

15 Ya 4 Y% 80 95 110 110 18 26/14 0,5 0,6 0,6 0,6
20 A 3 0 80 95 10 10 8 2011 05 06 0,6 0,6

25 1 4 Ya 80 100 110 110 18 26/14 0,5 0,6 0,6 0,6

40 1% 8 Y% 85 105 110 120 12 26/14 1,1 1,2 1,3 1,3

50 2 8 % 100 125 135 140 18 31/17 2,0 2,3 2,4 2,4

65 2% 8 Y4 120 145 160 165 22 37/21 33 3,7 4,0 4,1

80 3 8 % 135 165 185 190 28 42/24 5,1 58 6,2 6,3

100 4 8 1 160 195 210 225 26 48/28 LT 8,7 9,1 9,5
125 5 12 1 170 215 210 240 14 48/28 11,9 13,9 13,7 14,9
150 6 12 1% 195 245 235 275 14 53/30 17,1 19,8 19,2 21,4
200 8 12 1% 235 295 280 330 14 64136 30,2 35,1 33,9 37,9
250 10 16 1% 270 350 310 385 53,8 64,1 59,0 68,7
300 12 16 1% 305 390 355 435 4 81/47 86,1 101,9 95,4 110,2
350 14 16 1% 330 425 380 470 105,2 1254 115,8 134,9
400 16 16 2% 385 485 450 545 7 103/60 178,7 209,3 198,6 227,7
450 18 16 2V 405 520 465 575 184,9 220,1 203,2 236,9
500 20 16 2% 440 565 505 630. 248,2 2954 272,7 320,0
550 22 16 3 500 635 590 0 17 136/78 410,3 483,8 459,3 524.,6
600 24 16 3% 535 685 640 770 20 147/85 515,4 611,2 582,5 665,5

NOTE Sg¢e E.11.2 for “Torque tool” and(see E.11.3 for “Tension tool”.
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Annex E
(informative)

Handling, installation, assembly and repair of flanges

E.1 General

Thisknnex serves as a guide during handling, welding and assembly of flanges according to, this|
Standglard. In addition, it contains procedures for preload qualification.

E.2 |Protection

Flanges shall be supplied with suitable protection of the flange face from._mechanical impa
plywa@od boards or plastic caps. They should not be removed prior to field assembly to minimize
of acfidental damage - except for inspection, welding and stress relieving-of the weld area.

All sgaling surfaces shall be suitably protected from corrosion before )the mechanical protection i
flangg. The extent of this protection should be agreed with the puréhaser depending on flange ma

Seal|rings should be stored in their original packing until final installation. Careful handling
impoftance.
E.3 |Flange handling

Flanges shall not be lifted by slinging throughthe bore of the flange, as this may damage the sea
the bpvelled end. It is preferable to lift using the bolt holes or other suitable lifting points.

E.4 |Welding

Protgct the flange sealingfaces with an inhibitor to prevent oxidization during pre-heating and strg

Ensufe that the sealing faces are protected from scratching and weld splatter. The alignment tg
similar as for conventional ASME/ANSI flanges. If flanges welded to the pipe spools are not to b
immagdiately, coat the sealing faces with grease or another type of preservative and provi
protefction against mechanical impact.

International

cts, such as
he likelihood

5 fixed to the
terial, etc.

is of critical

surface and

ss relieving.
lerances are

e assembled
He adequate

ion of flange

High [heat mput for Iarge class 150 and 300 WN flanges in h|gh aIon matenals may cause d|stor

problem to close the fIange joint within target boIt preload values in Table E 2 However in orde

7g problem or
r to minimize

risk of such problems, it is recommended to qualify special welding and assembly procedures for flanges in
class 150 and class 300 if the material is austenitic stainless steel and if sizes will exceed DN 250 (NPS 10).

E.5 Painting

If the flange is to be shot-blasted and painted, then it is imperative that the plywood board or pro

tective cap is

left on preferably also sealed off by strong adhesive tape to prevent damage to the sealing faces. No contact
areas should be painted in order to avoid loss of bolt preload. This includes flange faces and nut bearing

areas.
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Key
1  Wedge
2  Sealing faces
3  Heel
4  Seal ring|seat
5  Nut bearipg area
Figure E.1 — Flange areas to be protected
E.6 Procddure personnel and equipment for assembly
For flanged ¢onnections, which rely on axial compression to activate.the seal and to ensure a static mg
action, the ¢apacity depends directly on the bolt pre-stress achieved. Bolt preloading procedures

personnel sHh
preload toold
be applied (s

For flanged g

action, the cgpacity depends directly on the bolt pre-stress achieved. Bolt preloading procedures and

personnel sh
flanges must
flanges. Equ

E.7 Prepd

E.7.1 Clea
Use a nonal
Special care
material and

For inspectio

all be qualified according to E.11. Ensure use of skilled workmen and correct equipment.
should be well maintained and should have aceuracy within +/- 2 % of the torque or tens
ee Table E.2).

onnections, which rely on axial compression to activate the seal and to ensure a static mode

all therefore be qualified according-to.E.11. All personnel assembling and tightening compag
be trained and competent to the.Country or industry standard with specific training on comp

should be taken on sealing faces and contact areas. Check that all components are of ¢
size.

n@nd repair, see Figure E.1, Figure E.2 and Table E.1.

de of

and
Final
on to

of

At

pment used for final preload must be fit for purpose, well maintained and calibrated.

ration before final preloading

n and check

rasive soft.cleth to clean all components with solvent to remove grease, preservation ang dirt.

brrect

Examine all sealing surfaces for mechanical damage and rust. The sealing faces rely on a good surface finish.
These surfaces should therefore be free from leak path scratches, damage marks and other surface
irregularities. Use a suitable light source and run the fingertip over seal surfaces to detect dents and gouges.
Polish off any small scratches on the heel, seal ring and seal ring seat with fine emery cloth in the
circumferential direction only. Polish at least one third of the circumference to ensure a uniform blending of the
re-work area. Lateral polishing is unacceptable. Larger flange damages may require flange face re-machining.
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Key
1 brind flush
2 Brind smooth with maximum depth of 0,1 mm; repair with sealant

Figure E.2 — Repair of heel

Table E.1 —Damage repair guide

Damage and location Remedy

Scrdtch or dent at the heel, covering less than % of the | Grind with fine emery paper to the required depth. Finish
heellwidth. with emery paper grade 240.

Scrdtch or dent at the heel, covering4 or more of the heel | Grind with fine emery paper to the required depth. Finish
width. with emery paper grade 240. The depth gfter grinding
should be maximum 0,1 mm. "Repair” large sgratches with
a suitable sealant (gasket eliminator).

Smdll scratch in seal ring“seat location. Grind with fine emery paper. Finish with pmery paper
grade 240.
Outgr wedge. Remove any burr standing proud of thel surface by

grinding/filing.

Seal ringrsealing faces. Replace seal ring.

Inspect bolt threads and nut bearing area to verify that there is no evidence of galling or other damage. The
surface shall be completely intact. If any sign of damage, discard and replace.

E.7.2 IX seal ring — Installation and check for stand-off

When the seal ring is placed in the groove by hand, it should rock slightly in the groove, i.e. the ring shall be
unable to firmly contact the groove bottom. If this is not the case, the seal ring will not be able to seal, and
shall be replaced.

Use a pull up cord as shown on Figure F.5 when installing the IX ring between flanges in horizontal piping,
and remove the cord when the ring has entered the flange grooves on each side.
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Relative lateral displacement between flanges shall be minimized in order to keep shear force on IX seal ring
below the limits of Table A.2.

E.7.3 Use of lubrication and sealant

Assembly of seal rings on compact flanges does not require use of lubricants or sealants if flange sealing

surfaces are

undamaged, and if pre-coated IX seal rings are used.

If uncoated seal rings are used, then lubricate the ring and the groove with a suitable lubricant in order to ease

initial sealing

and to prevent galling.

On repeated
heel by appl
rings should

If flange seg
tightness (se

assembling operations it is recommended to lubricate all sealing surfaces including the, f
ing a layer of thin oil. Undamaged IX rings, coated or uncoated, can then be reused, but €
then be reinstalled in same position “clockwise” as originally installed.

ling surfaces have been damaged, a layer of a suitable sealant should be applied to e
e Figure E.2 and Table E.1).

Suitable segflants which will cure, and have been approved as compatible with the’ flange materials

service fluid
curing and g
prevent leak
been put on
the ring gro
sealing surfa

E.7.4 Lubr

The nut thre|
procedure w
bearing surfe

Key

1 Lubricatig

br gas, may be used to refill material into dents and scratches, and assembly may be done
finding. However, if such sealant is used along a sealing surface solely as an extra precaut
hge from invisible scratches, the assembly shall be performed ilmmediately after the sealan
n order to allow excessive sealant to be squeezed into the vaid space between the seal rin
pbves before the curing would prevent this. The sealant shall never obstruct contact bet
ces.

cation of nuts and bolts

nen torque is used to achieve the final prelead. It is imperative that both the nut threads an
ce of the nut are lubricated as shown in the diagram.

ange
bated

hsure

and
after
on to
t has
j and
\ween

ad and nut bearing surfaces on the flange should be lubricated in accordance to the qualified

d the

Figurp E.3 — Thread lubrication
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Align
> 30(

E.7.9

With
(see
The

bolts

E.7.¢ Fitting

For t
joints
Loos

ring v

Tight
is fag
E2f
flang

Step

around the whole Circumference. Acceptance limit: No bolt shall be loaded more than 15 %

prelo

Step
outer

ment of facings “a” shall not be more than 1,5 mm for flange diameters < 300 mm. Foriflange

mm, “a” shall not be more than 1 mm per 200 mm flange diameter

Figure E.4 — Flange assembly alignment

p Alignment

Figure E.4). The load to bring into alignment shall not exce€d\the maximum load given in
thear load capacity of the IX seal ring is given in A.2. The bolt holes should be positione
can be moved easily.

brque joints the stud shall protrude one to two,threads from the nut on each side of the join
there must be at least one bolt diameterof thread protruding on the side where the tension

bly assemble the studs and nuts. As.the flanges are drawn together by the tightening of the
vill provide the final alignment of the_flange prior to full make-up of the joint.

bn the bolts using a spannerin’a criss-cross pattern, such that the seal ring standoff is clos
e-to-face contact at the heel Typically 10 % of final bolt tightening torque should be sufficie
br non-restrained pipe=work). However, if misalignment will require a higher load in order
b heels together, do@s follows:

1: Pull flanges“ogether without the seal ring, and measure applied force when flange heels

Ad in Table\E.2.

rit,is impossible within the target preload values of Table E.2, this is cause to reject the alig

diameters

the seal ring in the groove of one of the flanges (parallel standoff), bring the other flange into alignment

E.7.6 below.
J so that the

. For tension
ool is fitted.

bolts, the IX
ed and there

nt (see Table
to bring the

are touching
of the target

2: Release and insert the seal ring. Pull flanges together. If closing of the gap between the flanges at the

nment.

If final preload is not applied immediately, seal off the flange faces with adhesive tape to avoid foreign
particles to enter the gap between the flange faces. It is recommended that, whenever possible, flanges are
tightened immediately after assembly.
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48]

Key
1 Pull up cord
2  Sealring
3  1-2threafls

Figure E.5 — Seal ring installation

a) Two tools b) Four tools

Figure E.6 — Bolt pre-loading sequence

E.8 Final pre-loading procedure

E.8.1 Torque tightening

Tighten boltg in a diagonalsequence as illustrated in Figure E.6 using the torque values for the specific flange
and lubricanf as given intFable E.2 for imperial standard bolting, see Annex G for metric bolts.

Firstly the flange should be aligned as in E7.

The flange shall’then be torque tightened in stages up to the final pre-load value as follows:

Stage 1 is to 30 % of the final torque value using a diagonal sequence.

Stage 2 is to 60 % to 70 % of the final torque value using a diagonal sequence.

Stage 3 is to 100 % of the final torque value using a diagonal sequence.

Finally the carry out a check pass in a clockwise direction on all bolts until there is no further nut rotations.
At all times monitor the flange gap and start each pass with the bolt where the flanges have the largest gap.

Check that the flange gap at the flange outside diameter is closed all around the circumference of the
connection.
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If closing of the gap at the outer rim was just achieved at the target value of Table E.2 due to misalignment, it
is recommended to increase the final pre-load to 5 % above the target value of Table E.2.

E.8.2 Tightening by hydraulic tensioner

Tighten bolts using either a 50 % or 100 % cover technique to the bolt load values specified in Table E.2 for
imperial standard bolting, see Annex G for metric bolts.

Firstly the flange should be aligned as in E7.

For 100 % cover apply suitable tensioners to every bolt ensuring there is sufficient bolt length for the tensioner
to grip.

Detefmine the tool pressure to be applied to achieve the desired residual load in Table E.2:
Energize all of the tensioners to the required tool pressure.

Wind| down the nuts firmly against the flange.

Release the tension pressure.

Repgat tension pressure and wind down the nuts again.

Release the tension pressure.

Repdat the tension pressure and wind down the nuts againg

Release the pressure.

For 30 % cover apply suitable tensioners to alternate bolts ensuring there is sufficient bolt I¢ngth for the
tensipner to grip. Consider these bolts as Set A

Detefmine the tool pressure to be applied,to achieve the desired residual load in Table E.2.
Energize all of the tensioners on Set\A to the required tool pressure.

Wind|down the nuts firmly against the flange.

Relegse the tension pressure.

Repgat tension pressure and wind down the nuts again.

Release the_tension pressure.

Repgat-the tension pressure and wind down the nuts again.

Release the pressure.

Move the tensioners to the second set of bolts and consider these as Set B.
Energize all of the tensioners on Set B to the required tool pressure.

Wind down the nuts firmly against the flange.

Release the tension pressure.

Repeat tension pressure and wind down the nuts again.

© 1SO 2012 — Al rights reserved 77


https://standardsiso.com/api/?name=baf16b3c98cfbcaa5b5e93fb3cbed940

ISO 27509:

2012(E)

Release the tension pressure.

Repeat the tension pressure and wind down the nuts again.

Release the

pressure.

Move the tools back to Set A and repeat the tightening process.

Check the bolts on Set B and continue repeating tensioning passes until there is no not movement.

Check that the flange gap at the flange outside diameter is closed all around the circumference of the

connection.

If closing of the gap at the outer rim was just achieved at the target value of Table E.2 due to misalignm

is recommen

E.9 Maint

Flanged con|
correctly ass
exposure to
(see E.7.1),

see E.7.1.

An observed
preload by in
expansion of

NOTE Al
neither this se
may form in th
the bolts, it is|
corrosion preg

ded to increase the final pre-load to 5 % above the target value of Table E.2.

enance

embled, and if material selection or appropriate coating methodsyprevent corrosion fron
the fluid inside or the environment. The seal ring may be reused if it has sufficient sta
and is free from defects. Minor rust, burrs or scratches on\sealing faces shall be rem

gap between the flanges should call for immediate-action. This may indicate insufficien
stallation or relaxation from corrosion or frequent lead above yield stress due to different th
bolts and flanges, see 6.3, last paragraph.

hough the wedge seal at the outer circumference-of the flanged connections will prevent ingress of
Bl nor bolt/nut connections may be gas tight, which means that water condensate from various temper
e hidden bolting area. If this condensate together with different materials could cause galvanic corros
recommended to inspect or replace bolts’at regular intervals of 5 years to 10 years. However, ef
ervation before assembly may eliminate any corrosion problem in this area.

ent, it

hections according to this International Standard may not require, any special maintenafce if

n the
ndoff
bved,

t bolt
ermal

vater,
htures
ion to
ficient

78

© 1SO 2012 — All rights reserved


https://standardsiso.com/api/?name=baf16b3c98cfbcaa5b5e93fb3cbed940

ISO 27509:2012(E)

Table E.2 — Final bolt tension and torque values

Stud bolt size Target residual preload 2¢ Applied tension with Applied torque with torque
in KN tension tool abce tool an:i lubricant if
KN u =0,12de
Nm
¥2-UNC 44 98
“%-UNC 71 192
%-UNC 106 134 341
NG H4F 186 5441
1-UNC 193 244 81p
1 7%-8UN 255 323 1194
1 7-8UN 325 412 16711
1 %-8UN 405 512 2261
1 %-8UN 492 623 29849
1 %-8UN 589 745 3840
1 %-8UN 693 878 4899
1 7-8UN 807 1022 6030
2-8UN 929 1177 7391
2 Y4-8UN 1199 1519 10610
2 /»-8UN 1503 1904 146p5
2 %-8UN 1667 2111 177p6
3-8UN 2004 2539 23240
3 %-8UN 2373 3006 297B6
3 %2-8UN 27173 3512 372p8
3 %-8UN 3204 4058 46046
4-8UN 3666 4643 560p8
a8  Target minimum pre-stress values are copied from Table 1. This value is 75 % of yield such that a minimum of 70 % of yield stress
is actlieved due to uncertaintieS.in the make-up procedure. Bolt root diameter has been used for the calculations.
b The applied tension,is.qlivalent to 95 % of yield in bolt in order to ensure that a minimum of 75 % of yield (target rdsidual value) is
left when preload is transferred from the tension tool to nut.
¢ ashers may-be necessary for some flanges to achieve sufficient residual bolt load with tension tool.
d Torque tests'with a specified lubrication procedure shall be performed to determine the appropriate coefficient of friction. Full filling
of threadsdwith Tubricant is recommended, see E.11.2.
€ Bolting material: ASTM A193 gr.B7, ASTM A193 gr.B16 and ASTM A320, gr.L7 and gr.L43.

E.10 Disassembly

Before disassembling compact flanged connections, verify that all pressure has been bled form the line. As a
safeguard, the bolting should be slackened (1/6 turn first time) gradually in a criss-cross sequence enabling a
controlled release of fluid. Then remove the bolting completely. Once the flange is fully disassembled and
inspected, it is advisable to re-apply suitable surface protection and protection on the flange faces and seal

ring.

When disassembling the flanges, great care should be exercized to avoid damaging the outer diameter seal.
Hence, the use of standard flange spreaders should be avoided. However, such tools may be used if suitable
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jacking brackets are welded to the flange diameter. Spreader tools designed for use in the bolt holes may be
used.

E.11 Bolt tensioning qualification procedure

E.11.1 General

This clause describes procedures for qualification of bolt preloading with hydraulic tensioning or
manual/hydraulic torque methods. The target minimum residual load value to be achieved shall be the
minimum value | i ' ' i i Y2 in
or M12. Uncontrolled tightening of bolts is not advised.

The requirement for skilled operators is a very important aspect, which often is neglected. The-conjplete
assembly off tool and torque/tension measurement instrument shall be calibrated togethéryand hgve a
calibration traceable to a recognized international standard. Finally in order to achieve goed accuracy and
repeatability pperators shall be technically qualified and experienced in assessing surface,conditions, lubficant
application gnd tool performance in accordance with national or industry standards with” specific training in
compact flanged connections.

E.11.2 Torque preloading

E.11.2.1 Bagckground

Preloading bl torque is achieved by applying a measured torque to-a bolt and nut with a controlled lubrication.
For bolts of| moderate length the required torque to achievea-given pre-load is given by the follpwing
expression:

T=P unxdn+1,155xutxdt+3j (E.1)
T

T =torque applied to the bolt

Fp =required bolt preload
Uy, = cqefficient of friction-of nut bearing surface

d. = effective contact diameter of nut face (average between width of cross flats and diameter gf bolt
holg)

4 = cqefficient of friction of threads

d; = effective (mean) contact diameter of threads

p = thread pitch

The nut and thread friction is set equal to x in Table F.2, i.e. 4 = 4, = . It is seen that the coefficients of
friction are of dominant importance to the achieved preload. The coefficients of friction are sensitive to a

number of factors such as

— bolt/nut material;

— bolt surface coating;
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