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Foreword

This document (EN 1591-1:2013) has been prepared by Technical Committee CEN/TC 74 “Flanges and their
joints”, the secretariat of which is held by DIN.

This European Standard shall be given the status of a national standard, either by publication of an identical

text or by endorsement, at the latest by June 2014, and conflicting national standards shall be withdrawn at
the latest by June 2014.

Attention is drawn to the possibility that some of the elements of this document may be the subject of patent
rights. CEN [and/or CENELEC] shall not be held responsible for identifying any or all such patent rights.

This document supersedes EN 1591-1:2001+A1:2009.

The major changes in comparison with the previous edition include:

— correction of load ratio calculation for blind flanges;

— integration of spacers (washers);

— modification of bolt load ratio calculation;

— integration of lateral forces and torsion moments applied on the bolted joint;

— integration of an alternative calculation method (more precise) for the determination of the gasket
effective width (informative annex);

— integration of the possibility to handle gasket creep/relaxation behaviour through additional deflection;
— integration of an informative annex concerning leakage rates conversions;
— integration of the possibility to check a bolted flange connection for a specified initial bolt load value;

— integration of the possibility to perform a calculation even when no tightness requirement is defined
through basic gasket parameters (Annex G).

This document has been prepared under a mandate given to CEN by the European Commission and the
European Free Trade Association, and supports essential requirements of EU Directive(s).

For relationship with EU Directive(s), see informative Annex ZA, which is an integral part of this document.
EN 1591 consists of several parts:

— EN 1591-1|, Flanges and their joints — Design rules for gasketed circular flange connections — Part 1:
Calculation

— EN_1591-2, Flanges and their joints — Design rules for gasketed circular flange connections — Part 2:
Gasket parameters

— [CEN/TS 1591-3, Flanges and their joints — Design rules for gasketed circular flange connections — Part
3: Calculation method for metal to metal contact type flanged joint

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


http://dx.doi.org/10.3403/02330168U
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— [EENTR 159155, Flanges and their joints — Design rules for gasketed circular flange connections — Part
5: Calculation method for full face gasketed joints

The calculation method satisfies both leak tightness and strength criteria. The behaviour of the complete
flanges-bolts-gasket system is considered. Parameters taken into account include not only basic ones such
as:

— fluid pressure;

— material strength values of flanges, bolts and gaskets;

— gasket compression factors;

— nominal bolt load;

but also:

— possible scatter due to bolting up procedure;

— changes in gasket force due to deformation of all components of the joint;

— influence of connected shell or pipe;

— effect of external axial and lateral forces and torsion and bending moments;

— effect of temperature difference between bolts and flange ring.

The use of this calculation method is particularly useful for joints where the bolt load is monitored when bolting

up. The greater the precision of this, the more benefit can be gained from application of the calculation
method.

According to the CEN-CENELEC Internal Regulations, the national standards organizations of the following
countries are bound to implement this European Standard: Austria, Belgium, Bulgaria, Croatia, Cyprus, Czech
Republic, Denmark, Estonia, Finland, Former Yugoslav Republic of Macedonia, France, Germany, Greece,
Hungary, Iceland, Ireland, Italy, Latvia, Lithuania, Luxembourg, Malta, Netherlands, Norway, Poland, Portugal,
Romania, Slovakia, Slovenia, Spain, Sweden, Switzerland, Turkey and the United Kingdom.
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1 Scope

This European Standard defines a calculation method for bolted, gasketed, circular flange joints. Its purpose is
to ensure structural integrity and control of leak tightness. It uses gasket parameters based on definitions and
test methods specified in EN 13555.

The calculation method is not applicable to joints with a metallic contact out of the sealing face or to joints
whose rigidity varies appreciably across gasket width. For gaskets in incompressible materials, which permit

large deformations, the results given by the calculation method can be excessively conservative (i.e. required
bolting load too high, allowable pressure of the fluid too low, required flange thickness too large, etc.).

2 Normative references

The following documents, in whole or in part, are normatively referenced in this document and are
indispensable for its application. For dated references, only the edition cited applies. For undated references,
the latest edition of the referenced document (including any amendments) applies.

N _13555:2004), Flanges and their joints — Gasket parameters and test procedures relevant to the design
rules for gasketed circular flange connections

3 Notation

3.1 Use of figures

Figure 1 to Figure 14 illustrate the notation corresponding to the geometric parameters. They only show
principles and are not intended to be practical designs. They do not illustrate all possible flange types for
which the calculation method is valid.

NOTE  For standard flange types, e.g as shown in EN 1092 or EN 1759, the relevant figures are the following:

Type 01 Figure 10

Type 02 Figure 12

Type 04 Figure 12

Type 05 Figure 11

Type 07 Figure 12

Type 11 Figure 6

Type 12 Figure 13

Type 13 Figure 14

Type 21 Figures 6 to 9

3.2 Subscripts and special marks
3.2.1 Subscripts
A — Additional (Fa, Mp)

B — Bolt
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C — Creep of gasket (Aegc)
D — Equivalent cylinder (tapered hub + connected shell) for load limit calculation

E — Equivalent cylinder (tapered hub + connected shell) for flexibility calculation

F — Flange
G — Gasket
H—Hub

1 - Load condition identifier (taking values 0, 1, 2 ...)
L — Loose flange, Lateral (F))

M — Moment

N — Nut

P — Fluid pressure

QO — Net axial force due to pressure
R — Net axial force due to external force
S — Shell, shear

T — Shell, modified

TG — Torsion (M+g)

X — Flange weakest cross section

W — Washer

A — Symbol for change or difference
av — average

¢ — calculated

d — design

e — effective

i — Interim value

max — maximum

min — minimum

nom — nominal

opt — optimal

req — required
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s — non-threaded part of bolt

specified — refers to the case of calculation performed for a given (specified) initial bolt load

t — theoretical, torque, thread

0 — initial bolt-up condition (1 = 0, see subscript |)

3.2.2 Special marks

~ — Accent placed above symbols of flange parameters that refers to the second flange of the joint, possibly

different from the first.

3.3 Symbols

Where units are applicable, they are shown in brackets. Where units are not applicable, no indication is given.

A

Ar, AL

Fa

Fy
Fe

Fga,

FL
Fq
Fr

FXvFYvFZ

M

My

Effective total cross-section area of all bolts [nm?], Formula (41)

Gross radial cross-section area (including bolt holes) of flange ring, loose flange
[mm?], Formulae (10), (13) and (16)

Gasket area, effective, theoretical [nm?], Formulae (56), (53)
Effective area for the axial fluid-pressure force [mmz], Formula (90)

Modulus of elasticity of the part designated by the subscript, at the temperature of
the part [MPa]

Modulus of elasticity of the gasket for unloading/reloading at the considered
temperature, considering the initial compressed thickness [MPa]

Additional external axial force [N], tensile force > 0, compressive force < 0, see
Figure 1, Formulae (92) and (96)

Bolt force (sum of all bolts) [N]
Gasket force [N]

Minimum gasket force in assembly condition [N] that guarantees, after all load
changes, to subsequent conditions the required gasket force, Formulae (105), (106)

Force resulting from the additional radial forces [N], Formula (93) and (104)
Axial fluid-pressure force [N], Formula (91)
Force resulting from the additional external loads [N], Formula (96)

Additional forces along X, Y and Z-axis at gasket interface [N], Formulae (92) and
(93)

Load condition identifier, for assembly condition | = 0, for subsequent conditions | =
1,2, 3,..

Resulting external bending moment [N x mm], Figure 1, Formula (94) and (104)

Bolt assembly torque [N x mm], Formula (B.4)
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Mg Twisting moment [N x mm] applied to bolt shanks as a result of application of the
bolt assembly torque M;, Formula (B.9)

Mg Additional external torsion moment due to friction, Formula (95) and (104)

Nr Number of re-assemblies and re-tightenings during service life of joint, Formulae
(119), (2)

P Pressure of the fluid [MPa], internal pressure > 0, external pressure < 0 (1 bar = 0,1
MPa), Formula (91)

NOTE P in this standard is equal to the maximum allowable pressure PS according to the PED.

Por Creep factor which is the ratio of the residual and the original gasket surface pressure
at load conditions [-] (Annex F).

O Mean effective gasket compressive stress [MPa], Og = Fg/Age (57)

On Gasket surface pressure at assembly prior to the unloading which is necessary for the
validity of the corresponding Osmin @y in all subsequent conditions [MPa], Formula
(103).The lowest acceptable value for Qais Omin ) from EN 13554,

Q0,min Gasket surface pressure required at assembly prior to the unloading when no specific
leak rate is requested [MPa], replacement of O, in Formula (103), Annex G

Onmin (L) Minimum level of gasket surface pressure required for tightness class L at assembly
(on the effective gasket area) from EN 13554 test results [MPa] (see 7.4.2 NOTE 1)

Osmin (L) Minimum level of gasket surface pressure required for tightness class L in service
conditions (on the effective gasket area) from EN 13554 test results [MPa], Formula
(104)

Osmax Maximum gasket surface pressure that can be safely imposed upon the gasket at the

TBv TF! TG! TL! TW

To
UT

WFa WLa WX

Xa, Xo, Xw

YB,YG! YQ! YR

Zr, Z).

bo

10

considered temperature without damage [MPa], Formula (65), (70), (75) and (128)

Temperature (average) of the part designated by the subscript [°C] or [K], Formula
(97)

Temperature of joint at assembly [°C] or [K] (usually + 20 °C), Formula (97)
Axial displacement due to thermal effect [mm]; AU" according to Formula (97)

Resistance of the part and/or cross-section designated by the subscript [N x mm],
Formulae (130), (146), (150), (148)

Axial flexibility modulus of bolts, gasket, washer [1/ mm], Formulae (42), (63), (43),
(49), (50)

Axial compliance of the bolted joint, related to Fg, Fg, Fq, Fr [MM/N], Formulae
(99), (100), (101), (102)

Rotational flexibility modulus of flange, loose flange [mm ], Formulae (34), (38),
(35), (39), (40)

Width of chamfer (or radius) of a loose flange such that: dymin = degt2xby [mm],
Figure 12, Formula (85)
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bF! bL

bai, bge, bat

bKB
bw
Cas CB; CFy M, Cs

do

di
da
ds, dze
dy

ds, dst, dse

ds

dy

dg
dg

dpo, dge, dps

dBZv dBS

dB4

dgi,dge, dot

dK'I ’ dK2

dgo, da1, da2

dEv dF! dL dSv dx, dw

dw1, dw2

€0

BS EN 1591-1:2013
EN 1591-1:2013 (E)

Effective width of flange, loose flange [mm], Formulae (7) to (14)

Gasket width (radial), interim, effective, theoretical [mm], Formula (51), (55), (64),
(65), (69), (70), (72), (74) and (75)

Contact widths bolt side [mm], Formula (48)

Width of a washer [mm], Formula (44)

Correction factors [-],Formulae (123) to (127), (28), (134), (135)

Inside diameter of flange ring [mm] and also the outside diameter of central part of
blank flange (with thickness ey), in no case greater than inside diameter of gasket
[mm], Figures 6 to 14

Average diameter of hub, thin end [mm], Figures 6, 7, 13 and 14

Average diameter of hub, thick end [mm)], Figures 6, 7, 13 and 14

Bolt circle diameter, real, effective [mm], Figures 6 to 14, Formula (6)

Outside diameter of flange [mm], Figures 6 to 14

Diameter of bolt hole, pierced, blind, effective [mm], Figures 6 to 14, Formulae (4),

(5)
Inside diameter of loose flange [mm], Figures 12, 14

Diameter of position of reaction between loose flange and stub or collar [mm],
Figure 1, Formulae (61) and (84) to (89).

Outside diameter of collar [mm], Figure 12
Diameter of a central hole in a blank flange [mm], Figure 11

Diameter of bolt: nominal diameter, effective diameter, shank diameter [mm], Figure
3, Table A.1

Basic pitch diameter, basic minor diameter of thread [mm], see Figure 3

Maximum possible outside contact diameter between bolt head or nut and flange or
washer [mm], Formula (47)

Diameter of gasket, interim, effective, theoretical [mm], Figure 4, Formula (56),
Table 1

Extreme contact diameters (inside, outside) [mm], Formulae (46) and (47)
Real, theoretical inside, theoretical outside contact diameters [mm], Figure 4

Average diameter of part or section designated by the subscript [mm], Figures 1
and 6 to 14

Inside, Outside diameter of washer [mm], Figure 1, 2

Wall thickness of central plate of blank flange within diameter dy [mm], Figure 11

11
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€1
€2

€p, €

€F, €L
€Fb

EFt

ec(Qao)

€G(A)

€Gt

€p, €qQ

€s
ew

ex

fB’fEaﬁ:’fL’fS,fW

ha, hu, he

he, hq, hg, hs, ht
Jms Js

ka, kr, kw, ks
ls, Is

le

Iy

m

ng

4:]

Pt

12

Minimum wall thickness at thin end of hub [mm)], Figures 6, 7, 13, 14
Wall thickness at thick end of hub [mm], Figures 6, 7, 13, 14

Wall thickness of equivalent cylinder for load limit calculations, for flexibility
calculations [mm], Formulae (17) and (18)

Effective axial thickness of flange, loose flange [mm], Formulae (10), (13) and (16)
Thickness of flange ring at diameter d5 (bolt position) [mm], Formula (5)

Thickness of flange ring at diameter dg. (gasket force position), relevant for thermal
expansion [mm], Formula (98)

Initial compressed gasket thickness of gasket under contact pressure QOgo [mm],
Formulae (106), (121) can be obtained from the tests according to iN 13555

Compressed gasket thickness of gasket after all the situations (including plastic
deformation) [mm], Formulae (106), (121) and Annex H

Initial theoretical uncompressed thickness of gasket [mm]

Part of flange thickness with (ep), without (eq) radial pressure loading [mm], Figures
6 to 14, such that ep+eq = e¢

Thickness of connected shell [mm], Figures 6 to 10, 12 to 14

Washer thickness [mm], Figure 1, 2

Flange thickness at weak section [mm], Figure 11

Nominal design stress [MPa] of the part designated by the subscript, at design
temperature [°C] or [K], as defined and used in pressure vessel codes (see
Formulae (123), (127), (130) to (133), (140), (145), (146), (148), (150) and (151))
Lever arms [mm], Figure 1, Formulae (81) to (83) and (87) to (89)

Lever arm corrections [mm], Formulae (77), (79) and (80), (31) and (37), (29), (30)
Sign number for moment, shear force (+1 or 1), Formulae (136) and (137)
Correction factors, Formulae (32), (33), (138), (139)

Bolt axial dimensions [mm)], Figure 2, Formulae (98) and (42)

le=1lg-1ls

Length of hub [mm], Figures 6, 7, 13, 14, Formulae (17), (18)

tightness factor for subsequent conditions ( 1>0 ) [-], (Annex G)

Number of bolts, Formulae (3), (6), (41), (42)

Pitch between bolts [mm], Formula (3)

Pitch of bolt thread [mm], Table A.1
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Radii [mm], Figures 6, 12

Radius of curvature in gasket cross-section [mm], Figure 4

Differential thermal axial expansions [mm], Formula (97)

Additional deflection of the gasket due to creep that can be defined from Pqr value
following the method explained in Annex F (Formula F.3). Equal to 0 if no creep of
the gasket is considered, Formulae (105), (106), (120) and (121)

Rotation of flange, loose flange, due to applied moment [rad], Annex C

Load ratio of flange ring due to radial force, Formula (140)

Particular value of W, Formula (130), Table 2

Load ratio of part and/or cross-section designated by the subscript, to be calculated
for all load conditions, Formulae (123), (129), (145), (151), (128), (149), (147)

Thermal expansion coefficient of the part designated by the subscript, averaged
between T, and Tg, T¢, T, Ti, Ts, Tw [K'], Formula (97)

Intermediate variables, Formulae (19), (25) to (27), (62), (132), (133)

Scatter of initial bolt load of a single bolt, above nominal value, below nominal
value, Annex B

Scatter for the global load of all the bolts above nominal value, below nominal value,
Annex B

Friction factor for bolting, see Annex B

Friction factor between the gasket and the flange facing, Table (E.1) and Formula
(104)

Numerical constant (7 = 3,141593)
Diameter ratio as given in Formula (36)
Angle of inclination of a sealing face [rad or deg], Figure 4, Table 1

Angle of inclination of connected shell wall [rad or deg], Figures 8, 9
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3.4 Terminology
3.4.1 Flanges

Integral flange:

Blank or blind flange:
Loose flange:

Hub:

Collar or stub:

3.4.2 Loading

External loads:

3.4.3 Load conditions
Load condition:
Assembly condition:

Subsequent condition:

3.4.4 Compliances
Compliance:

Flexibility modulus:

Flange attached to the shell either by welding (e.g. neck weld, see Figure 6 to
Figure 9, or slip on weld, see Figure 10 and Figure 13) or cast onto the envelope
(integrally cast flanges, type 21)

Flat closure, see Figure 11

Separate flange ring abutting a collar, see Figure 12

Axial extension of flange ring, usually connecting flange ring to shell, see Figure 6
and Figure 7

Abutment for a loose flange, see Figure 12

Forces and/or moments applied to the joint by attached equipment, e.g. weight
and thermal expansion of pipes

State with set of applied simultaneous loads; designated by I.
Load condition due to initial tightening of bolts (bolting up), designated by | =0
Load condition subsequent to assembly condition, e.g. test condition, operating

condition, conditions arising during start-up and shut-down; designated by | = 1, 2,
3.

Inverse stiffness (axial), symbol Y, [mm/N]

Inverse stiffness modulus, excluding elastic constants of material:

— axial: symbol X, [1/mm]

— rotational: symbol Z, [1/mm°]
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Figure 2 — Washer or spacer
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Figure 5 — Details for tongue and groove facing
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Figure 8 — Flanges welded to conical shells
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Figure 9 — Flanges welded to spherical shells
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Figure 14 — Hubbed threaded flange

4 Requirements for use of the calculation method

4.1 General

Where permitted, the calculation method is an alternative to design validation by other means, e.g.:
— special testing;

— proven practice;

— use of standard flanges within permitted conditions.

The calculation method can also be used to assess the behaviour and admissibility of a bolted flange
connection for a specified initial bolt force (see Clause 5).

4.2 Geometry

The calculation method is applicable to the configurations having:

a) flanges whose section is given or may be assimilated to those given in Figure 6 to Figure 14;
b) four or more identical bolts uniformly distributed;

c) gasket whose section and configuration after loading can be assimilated by one of those given in Figure 4
and Figure 5;

d) flange dimension which meet the following conditions:

1) 02<br/ep <5002<h /e <50;

2) cosg>1/(1+0,01 d—s).

€s
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NOTE 1 For explanations of symbols see Clause 3.

NOTE 2 The condition be/er < 5,0 need not be met for collar in combination with loose flange.

Where corrosion allowance has been applied in the design it should be subtracted for the calculation on the
area in contact with the fluid. For minus tolerances, reference should be made to other codes, for example
EN 13445 and EN 13480.

The following configurations are outside the scope of the calculation method:

— flanges of essentially non-axisymmetric geometry, e.g. split loose flanges, web reinforced flanges;

— flange connections having direct or indirect metal to metal contact between flanges inside and/or outside
the gasket, inside and/or outside the bolt circle.

4.3 Material

Values of nominal design stresses are not specified in this calculation method. They depend on other codes
which are applied, for example these values are given in EN 13445 and EN 13480.

Nevertheless, since all significant design parameters are accounted for, the use of low safety factors is made
possible by special use of nominal design stresses:

— for assembly conditions the nominal design stresses have the same values as for the hydraulic pressure
tests (normally higher than for operating conditions);

— the nominal design stresses for the bolts are determined by the same rules as relevant for the flange and
shell material e.g. same safety factor on yield stress.

4.4 Loads

This calculation method applies to the following load types:

— fluid pressure: internal or external;

— external loads: axial and lateral forces as torsion and bending moments;

— axial expansion of flanges, bolts and gasket, in particular due to thermal effects.

All conditions shall be taken into account (start-up, test, service, cleaning, maintenance, shut down, and other
exceptional conditions) within the calculation as far as they have influence on the design.

Minimum required are calculations for the assembly conditions, the main operating and the initial test
conditions. If the test shall not be repeated at any time, the calculations may be separated into two sets:

— A: Assembly + operating;
— B: Assembly + test.

The higher assembly bolt load shall be applied.

5 Checking the assembly for a specified initial tightening bolt force (or torque)

The details of calculation method as the calculation process are detailed in Annex D.
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N 1591-1 is based upon the principal that a selected leakage rate is to be achieved. Nevertheless, in the
case where the aim of the calculation is to check the design for a given value of the tightening bolting force at
assembly (Fgospecified), the calculation shall be started using Formula (1) below instead of Formula (54) in
6.4.3.

Fgo = Fo,specified X (1—¢-) = Fro (1)

NOTE This formula involves the scatter of the bolting method in order to check the tightness criteria for the expected
minimum value of tightening bolt force.

Then the calculation shall be performed in the usual way from Formula (55) to Formula (110). From the
required initial bolt force calculated in Formula (110) two cases shall be considered:

— If the value Fgoreq given by Formula (110) is higher than the initial value Fgo given by Formula (1), the
value of Fgogpedified IS NOt sufficient to insure the tightness criteria. So the value of Fgg speciiea Shall be
increased to meet the tightness criteria. The calculation procedure from Formula (55) to Formula (110)
shall be applied again.

— If the value Fgoreq given by Formula (110) is lower than the initial value Fig given by Formula (1), the value
of Fpospeciied IS Sufficient to insure the tightness criteria and therefore the calculation can be continued
using the value of Fgo calculated by Formula (1) as the gasket force in assembly condition (1=0). In that
case, the initial bolt force at assembly can be very much greater than the required one, and the Formula
(119) shall be replaced by Formula (2), taking into account the lower bound of the applied initial bolt force
at assembly phase.

Fgog =Max {Faomin — Fro;(2/3)x (1-10/ N ) x Faomax — FRo (2)

6 Calculation parameters

6.1 General

The parameters defined in this clause are effective dimensions, areas and stiffness parameters.
6.2 Flange parameters

6.2.1 General

The formulae given in 6.2 shall be used for each of the two flanges and where applicable, the two collars of a
joint.

Specific flange types are treated as follows:

— Integral flange: calculated as an equivalent ring with rectangular cross-section, dimensions b x e
connected at diameter dr to an equivalent shell of constant wall thickness eg.

— Blank flange: calculated as an equivalent ring with rectangular cross-section, dimensions b X e,
connected at diameter dg = dy to a plate of constant thickness ey. It may have a central opening of
diameter dy. If a nozzle is connected at the opening the nozzle is not taken into account in the calculation.

— Loose flange: calculated as an equivalent ring with rectangular cross-section dimensions b, x ¢ without
connection to a shell.

— Screwed flange: calculated as a loose flange with inside diameter equal to load transmission diameter,
i.e. average thread diameter.

— Collar: The collar is treated in the same way as an integral flange.
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In Figure 6 to Figure 14 the equivalent ring is sketched by shaded area.

6.2.2 Flange ring
6.2.2.1 Bolt holes

Pitch between bolts:

pg = mXdslng
Effective diameter of bolt hole:

dse = ds x s
P8

Diameter of blind holes is assumed to be:
ds =dgt xIstlepy

Effective bolt circle diameter:

2
dze=d3x(1-—)
ng

NOTE 1 pg and pg are equal as well as d3e and (,739.

NOTE 2 Formulae (3) to (6) do not apply to collars.

6.2.2.2 Effective dimensions of flange ring

BS EN 1591-1:2013
EN 1591-1:2013 (E)

©)

(4)

®)

(6)

The effective thickness er or ¢ used below is the average thickness of the flange ring. It can be obtained
by dividing the cross-section area of the ring 4¢ or A, (including bolt holes) by the actual radial width of

this section.

Since there is a large variety of shapes of flange cross-sections, formulae for the calculation of 4¢ or A,

are not given for specific flange types.
Integral flange and blank flange (see Figure 6 to Figure 11)
bp=(dg —dy)/2-dse
b =d =¢ =0
dp=(dg+dy)/2
er =2x Ar I(d4 —dg)
Loose flange with collar (see Figure 12)
For collar:
br =(dg —dqg)/2

dF Z(dg +d0)/2

)
(8)
©)

(10)

(11)

(12)
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ep =2x Ap I(dg —dg) (13)
For flange:

b =(dg—dg)/2-dse (14)

d  =(d4+dg)l 2 (15)

e =2x A I(d4 —dg) (16)

6.2.3 Connected shell
6.2.3.1 Flange with tapered hub

A cylindrical shell (constant wall thickness es, average diameter ds) integral with a tapered hub is treated as
being an equivalent cylindrical shell of effective wall thickness er and effective average diameter d:

(8= 1)x Iy
=eq1x<1 1
B4 { +(ﬂ/3)><\/d1><€1 +IH (17)

ep =egxq1+ (ﬂ_1)XlH
Vg3 xlay e+ (8
i, _e2 (19)
€1
dE = {mln(d1 —e +eE;d2 + e —eE)+ max(d1 +eq —eE;d2 — e +eE)}/2 (20)

6.2.3.2 Flange without hub

For a shell (cylindrical or conical or spherical, constant wall thickness es, angle js and diameter ds at junction
with flange) directly connected to a flange ring, the effective dimensions are:

€g =€g (21)
dg =dg (22)

Formulae (21) and (22) are not applicable when a nozzle is connected to the central opening of a blank
flange. This case is covered by 6.2.3.3.

6.2.3.3 Blank flange

For a blank flange, the effective dimensions to be used are:
e =0 (23)
dg =dg

(24)

Formulae (23) and (24) apply whatever the blank flange configuration (without opening, with opening without
nozzle, with opening with nozzle).
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6.2.3.4 Collar

The formulae which are applicable are those of 6.2.3.1 or 6.2.3.2 depending on whether or not the collar has a
hub.

6.2.4 Flexibility-related flange parameters

6.2.4.1 Integral flange and collar

y=eg xdp /(b,: x dg xCOS(pS)

(25)
Jd
9 =0,55xcos gg (VIEXE 26
€F ( )
ﬂ=1—€p/€F=€Q/€F (27)
NOTE ep and eq are defined in Figures 4 to 12 (when ep = er then eq = 0).
CF :(1+y><3)/{1+y><.9><l4><(1—3xl+3x%2)+6x(1—2xk)x9+6><3 2 +3><72><.94} (28)
hg =xep x Jeg [ dg x(1-2x A+ 9)/(1+yx 9) (29)
h-|-=e|:x(1—2x7\—y><192)/(1+y><19) (30)
thhska—tho,Stangas (31)
+ 0,85/ cos ¢g for conical or cylindrical shell
kq = . (32)
+0,35/cos g for spherical shell
ol 0,15/ cos ¢g for conical or cylindrical shell (33)
R- —0,65/cos ¢g for spherical shell
Zr =3 ( 2
F=3xdp xcp I\ xbg x eg (34)
ZL =0 (35)
6.2.4.2 Blank flange
Diameter ratio:
pP= dg /dE (36)
NOTE Reminder: for a blank flange, de = djy (according to Formula (24))
e = (dg 14)x [1- p2 )< (07 +33 p2 )07 +13 o2 x [1+ p2)| (37)
Zr = 3dE /{71 X lb,: x e,z_j + df % eg X (‘l - pz)/(‘l,4 + 2,6 x pz)J} (38)
Z, =0 (39)
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6.2.4.3 Loose flange with collar
For the collar use Formulae (25) to (35); for the loose flange use the following formula:
7 =3xd /exb <) (40)
6.3 Bolt and washer parameters
6.3.1 General

The bolt dimensions are shown in Figure 2. Diameters of standard metric series bolts are given in Annex B.

6.3.2 Effective cross-section area of bolts

Ag = {min(dge;dps )I° x ng x 7/4 )
6.3.3 Flexibility modulus of bolts
Xp = Is /dBs +1o ) d3e +08/dg )x 4 (g x ) (42)
The thickness of washers possibly present in the joint shall be included in lengths /s and /.
6.3.4 Geometric parameters for washers and contact surfaces
NOTE Formulae presented for washers are also applicable to expansion sleeves.
6.3.4.1  Absence of washers
If there are no washers,
Xy =Xy =0 (43)
And ignore Formulae (44) to (50).
6.3.4.2 Presence of washers
by =(dw2 —dw1)/2 (44)
dy =(dwz +dw1)/2 (45)
dy, = max(dg;dy,,) (46)
d, =min(dg,;d,,) (47)
be =(d, —dy)! 2 (48)

NOTE 1 These formulae also apply for washer of flange number 2.

NOTE 2 In the usual case dk1 = ds and dkz2 = dpa.
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6.3.5 Flexibility modulus of washers

X - ey 2xby, [(by +bg) +ew /(by —be) (49)
Y g xxd,y, x by, 1+ ey /(by —beg)
X. = éV\L . 2x Z;W /([’w + 5KB 2 + éw~/(b~w — Z;KB ) (50)
" ng X 7w xdy, x by, 1+ &, /(by —bes)
NOTE Xw includes an estimated correction factor for different axial stresses in different sections.

6.4 Gasket parameters
6.4.1 General
The notation for dimensions of gaskets is given in Figure 4.

6.4.2 Theoretical dimensions

bat = (dez —de1)/2 (51)

dot = (do2 + da1)/2 (52)

Agt = mxdg x bgt (53)
NOTE The theoretical gasket width bgtis the maximum which may result from a very high Fe.

6.4.3 Effective dimensions

The effective gasket width bg. depends on the force Fg applied to the gasket for many types of gasket. The
value bg is determined iteratively for the assembly condition with Fg = Fgo and assumed to be unchanged for
subsequent conditions.

NOTE 1 For a flat gasket, the effective gasket width is equal to twice the distance separating the outside diameter of
the sealing face from the point of application of the gasket reaction (i.e. the resultant of compressive stress over the
gasket width).

The value Fgq used for this determination represents the minimum force which shall be reached in assembly
condition, to meet the leak-tightness criteria given in 7.4.

This minimum force is not known when starting the calculation. It will be obtained through the iterative
calculation process beginning at this point and ending with 7.6, Formula (122).

To start calculation, any arbitrary value may be chosen for Fgo. Nevertheless, the use of a realistic value is
recommended. In the case where the method is used with a specified initial bolt load, this initial value is given
by the Formula (1) from Clause 5. In other cases the value from Formula (54) below is recommended.

Fgo<4g ™ fgo 13 - Fro (54)
Where Frg is as given by 7.2.

Interim gasket width bg; shall be determined from the formulae in Table 1, starting with the first approximation
given in this table.
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Effective gasket width:
bge =minibgi; ba | (55)
Effective gasket diameter:

The effective gasket diameter dg, is the diameter where the gasket force acts. It is determined from Table 1.

NOTE 2 For flat gaskets, dge varies with bge. In that case, bge is twice the distance between the outside contact
diameter of the gasket and the effective gasket diameter.

Effective gasket area:
Age = mx dge X bge (56)

NOTE 3  The method is not taking into account the effect on the gasket thickness if the gasket stress rises above the
assembly level in a subsequent condition. The modification on the gasket thickness in such a case is considered to have
negligible impact. If this phenomenon has to be taken into account, the alternative possible method given in Annex H can
be used.

Initial gasket stress at assembly and associated thickness determination:

Oco = Fao/ Age (57)

Ego = Eg(9co) (58)
Lever arm:

hao = (dse — dge )1 2 for integral or blank flange (59)

hso = (d;, —dg, )/ 2 for loose flange with collar (60)

Ay =min{max{d, ,;(dg, + 7% ds. )| (14 2)}:0se, | (61)

=20 % Ero)/(Z¢ x ELo) (62)

NOTE 4  Formulae (61) and (62) only apply to loose flanges on a collar.
Formulae (55) to (62) are re-evaluated iteratively until the value bg, is constant within the required precision.

A precision of 5 % is enough. To obtain results almost independent of the operator, a precision of 0,1 % is
however recommended.

6.4.4 Axial flexibility modulus of gasket
X =(ea(Qco)4gt) % (bat +ec(0c0)/2) ! (bge +ec(Qc0)/2) (63)

The value of the compressed gasket thickness at assembly phase eg(Qgo) for the associated gasket stress
Ogo shall be determined from gasket compression curve obtained following test performed according to
hN 135548.
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Table 1 — Effective gasket geometry

Type Gasket form Formulae
First approximation: bgj = bt (64)
1 Flat gaskets, of low M te:
hardness, ore accurate:
composite or pure 2
metallic, materials besi = ec(0c0) (7 x dge * EGp) + Fao (65)
i Gi— = ~ | ~
Figure 3 a hcox ZE! EFo* hgo* Zr! Ero | 7 * dGe X Qsmax
Egm =E P : (66)
Gm GO for flat metallic ring gaskets with rectangular cross
section.
(67)
Egm =0,5x Egg for non metallic flat gaskets
In all cases: dge =dgo —bge (68)
Osmax shall be taken at assembly phase temperature here
NOTE An alternative (more precise and more complex), calculation method
for bgi is given in Annex H.
First approximation:
2 Metal gaskets with
curved surfaces
’ = X X
simple contact, | 261 V675 x €08 9 * bt x Osmax / Eco (69)
Figures 3 b, 3 ¢ More accurate:
2
b = 6 rp x cos pg x Fp J{ Fso } (70)
i =
mxdge X Ego T x dge X Osmax
In all cases: dge =d,
Ge GO (71)
In all cases:
3 Metal octagonal | bg; = length bge according to Figure 3d (72)
section gaskets see
Figure 3 d (Projection of contacting surfaces in axial direction.)[]
dge = dgt
(73)
First approximation:
4 Metal oval or (74)
circular section bgi = \/1 2 rp x 008 ¢ x bt X Osmax / Eco
gaskets, double
contact see Figures | More accurate:
3e, 3f 5
bG' _ 12 1y X COS Qg X FGO +|: FGO :| (75)
P =
mxdge x Ego % dge X Osmax
In all cases: dge =d
Ge Gt (76)
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6.4.5 Leverarms

6.4.5.1  All flanges

/dd,

hp = [(dGe —dg P x(2dge +di )16 + 268 x dr
For blank flanges:

ep =0
6.4.5.2 Integral flange and collar

hq = {hs x kg + I x (2d,: x ep/d — 05 tan(psj} x (dg/dge P

6.4.5.3 Blank flange

hq = (dg 18)x (1— pz)x (o,7+3,3 pz)/(0,7+1,3 p2)>< (dg Jdge P
6.4.5.4 Integral flange and blank flange

hg = (d3e —dge )/ 2

hy = (d3e —dg )/ 2

h =0

NOTE These formulae do not apply to collars.

6.4.5.5 Loose flange with collar

d7min < d7 < d7max
d7min =dg +2x by
d7max = dg

he = (d7 —dge )2

hy = (d7 —dg )/ 2

h_ = (d3e —d7)/2

As the value of d7 is not known in advance, the following hypotheses can be made:

(77)

(78)

(79)

(80)

(81)
(82)

(83)

(84)
(85)
(86)
(87)
(88)

(89)

— For the flexibility calculations (i.e. up to the end of Clause 7), take for d; the value d;y given by

Formula (61).

NOTE It follows that 4g, ~n and kL can vary with each iteration necessary to calculate bge and dge (see 6.4.3).

— For the calculation of load ratios (Clause 8), the most favourable value between d; i, and d7 nax Can be

used, as given in 8.6.
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7 Forces

7.1 General

Different load conditions are indicated by the value of indicator "I". Case | = 0 is the assembly condition;
higher values (I = 1,2...) are different test conditions, operating conditions and so on. The number of load
conditions depends on the application. All potentially critical load conditions shall be calculated.

7.2 Applied loads

7.2.1 Assembly condition (I = 0)

Fluid pressure (internal or external) is zero: P, =0

External bending moments and axial force combine to give a net force Frg as in Formula (96) (load case
| = 0), whereas lateral forces and torsion moment are equal to zero at assembly.

All temperatures are equal to the initial uniform value Tj.
7.2.2 Subsequent conditions (1=1,2...)

7.2.21 Fluid pressure

Txdg 2
g =T dee” (90)
4
NOTE dce is the location of the forces acting on the gasket and not the location where the leak tightness is achieved.

This is conservative, overestimating the load coming from the pressure of the fluid for large gasket width.

Internal fluid pressure R)O
Unpressurised condition R=0} Fo =Aq xR

91
External fluid pressure R(O ®1)

7.2.2.2 Additional external loads

The connection can be submitted to 6 components of external loads: Fx Fvi, Fz, Mxi, My, Mz. The
revolution axis of the assembly is named as the Z-axis, thus we have:

Axial force: Fp = Fz (92)
Resultant lateral force: FlF m (93)
Resulting bending moment: M :W (94)
Torsion moment (due to friction): M+g =Mz (95)

Additional external loads combine to give a net force Fr, as follows:

Axial tensile force Fap 0

Fa (0 } Fri=Fa £(4/dge )x M p

Axial compression

(96)
force
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Select the sign in Formula (96) giving the more severe condition.

NOTE In the presence of external bending moment Ma, the most severe condition may be difficult to foresee
because:

— on the side of the joint where the moment induces an additional tensile load (sign + in Formula (96)), load limits
of flanges or bolts may govern, as well as minimum gasket compression;

— on the side of the joint where the moment induces an additional compression load (sign - in Formula (96)), load
limit of gasket may be decisive.

Therefore, for good practice, it is suggested to consider systematically two load conditions (one for each sign in
Formula (96)) whenever an external moment is applied, with different indices | being assigned to each case.

7.2.2.3 Thermal loads

Axial thermal expansion relative to the assembly condition (uniform temperature 7,) is treated by the
formula below.

au"r=1g x ag, x (T — To ) ept < o < (Tey — T ) — e, x ay x (T — Tp ) — ew x oy x (T — Tp)

- . = o = A (97)
_eG(Qo)XaGIX(TGI_TO)_eFtXaFIX(TFt_TO)_eanLIX(TLI_TO)_eWXaWIX(TWI_TO)
with:
€Ft +E|:t +e +EL +egt T ew +EW ZIB (98)

7.3 Compliance of the joint

Lever arms are calculated from 6.4.5. For loose flanges, the assumption of Formulae (61) and (62) shall be
used.

The following formulae apply for all load conditions (I = 0, 1, 2, ...) with Ogq = Fgo / Age for the determination
of Egi.

Yoi =2 < W2 [Epy + Z xhE [ By + Xa [ Bgy + Xy [ Ewy + X/ Ewy (%9)
Yor = Z x W [ Epy + Zg x 0% [ Ery + Y + X/ Eg (100)
Yo = Zp x hg x(hH —hp +hQ)/E,:| +ZF X;G x(ﬁH —}TP +ZQ)/EF| + Y (101)
Yat = Z¢ % g x (hy + 1R ) ey + Ze x g (g + e )/ By + Y (102)

NOTE In Formulae (99) to (102):

— only one term in which the parameters Z and E have the subscript F relates to each integral flange (or blank flange);
for the same gasket side (side without ~, side with ~), any term in which Z and E have the subscript L is not
applicable;

— two terms always relate to each loose flange;

— the first relates to the flange itself (term in which Z and E have the subscript L);

— the second relates to its collar (term in which Z and E have the subscript F).
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If there is neither loose flange nor washers only one term exists (for the bolts) in Formula (99).
7.4 Minimum forces necessary for the gasket

7.4.1 Assembly condition (I = 0)

Minimum gasket force:

Faomin = 4ge % Oa (103)

If no specific leak rate is requested, then use Qg min (from Annex G) instead of Qa.
7.4.2 Subsequent conditions (=1, 2, ....)

Force required ensuring:

— leak-tightness;

— no loss of contact at bolts or nuts due to external compression axial load on the joint or to negative fluid
pressure;

— sufficient axial load on the gasket in order to counter its potential sliding due to external torsion moments
and radial forces by friction at flange/gasket interface.

2XMTG|_2XMAI} (104)

F
FGimin = maX{AGe x Qsmin(Lyi~(Fai + Frp )i—=-+
He Mg xdgt  dgt

For gaskets according to Figure 4c) to Figure 4f), the third term of Formula (104) should be neglected.

If no specific leak rate is requested, then use m x | P| (with m from Annex G) instead of Ogsmin().

When no specific data are available for the value of ug, the generic values from Table E.1 can be taken as an
approximation.

NOTE 1 It is essential that the selection of Os miny depends on the initial gasket surface pressure Oa which is applied
in the assembly condition. Oa and QOsminy are a pair of variables which are determined in a leakage test according to
and which belong together. The lowest acceptable value of Oa is equal to Ominwy , in this case Osminwy = Oa. The
higher Oa can be chosen, the lower Osmin) can get.

NOTE 2 A calculation can be performed with no specified leakage rate using the values of Qomin and m in the table of
Annex G. The expected leakage rate can be assessed from the average gasket surface pressure (Fai/Ace) Obtained in the
first calculation for the considered situation and using the EN 13555 leakage diagram for the relevant gasket (type) and
test conditions.

7.5 Internal forces in assembly condition (I = 0)
7.5.1 Required forces

To guarantee that the gasket force in subsequent conditions never falls below the value Fg,,, given by
Formula (104) the gasket force in the assembly condition shall be at least the following:

Fea = max {Faimin x Yo + Fau x Yai + (Fri x Y = Fro X Yro )+ AU} + dege {/ Yoo (105)

Formula (105) does not take into account plastic deformation that can happen in the subsequent situations of
assembly phase. Where this plastic deformation is considered significant, it is recommended to replace
Formula (105) by Formula (106) below and that method detailed in Annex H or equivalent is used.
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Faa = max {FG1 min X Yo1 + Fai x Yai + (Fri x YRy = Fro * YRo )+ AU} + degg) + |eg(Oag ) — eaia) i/ Yo (106)

The above alternative Formula (106) enables to take plastic deformation into account, by introducing the
difference between the compressed gasket thickness after assembly (eg(Qgo)) and the gasket compressed
thickness after all situations have occurred (ega)).

— When no plastic deformation happens in the subsequent situation after assembly we have eg(Qgo) = ega)
and Formula (106) is equivalent to Formula (105).

— When plastic deformation happens in the subsequent situation after assembly we have eg(Qgo) > ega).

Taking into account what is also necessary for seating of the gasket the required gasket force and the
corresponding bolt load are as follows:

FGoreq = maX{FGO min;FGA} (107)
FBoreq = FGOreq + IRO (108)

If the value Fgoreq given by Formula (107) is higher than the value Fgo assumed up to this step, the calculation
shall be repeated from Formula (55), using a higher value for Fgq until:

FGoreq < FGo (109)

On the contrary, if the value Faoreq given by Formula (107) is lower than the value Fgy assumed up to this
step, this value is acceptable, because it gives a higher approximation of the true Fgeq,

The true value Fg ¢ may be found through a number of iterations great enough so that:
Fgo = Faoreq (110)

Within the required precision.

A precision of 5 % is enough, with Fgq greater than Fggeq. To Obtain a result almost independent of the
operator, a precision of 0,1 % is however recommended.

7.5.2 Accounting for bolt-load scatter at assembly

The actual force, Fgy is limited as follows:

Fgomin < FBo < FBOmax (111)
where

Fiomin = Fgoav x(1-5_) (112)

Faomax = Faoav x(1+ 2, ) (113)

Annex B, gives theoretical indicative values of scatter of initial bolt load of a single bolt (¢1_ £1+) in Table B.1,
as possible Formulae enabling to assess the scatter for the global load of all the bolts bolt (& &)

After assembly, the actual bolt force achieved shall be not less than the required minimum bolt force Fgoreq:
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FBOmin Z FBO req (1 14)

Consequently, the scatter of the bolt-tightening shall be taken account of in the following way:
a) nominal bolt assembly force, used to define the bolting-up parameters:

1) for bolt-tightening methods involving control of bolt-load:

FBOnom 2 BO req /(1_8—) (115)

2) for bolt-tightening methods involving no control of bolt-load:

The value to be selected for Fggnom is the average bolt load Fgq,, that can really be expected in practise
for the method used, independently of Fggreq.

The following condition shall be met:

F

sonom = Froay = Faoreq /(1- &) Where &= 0,5 (116)

If not, the bolt-tightening method initially chosen is not valid and shall be changed.
NOTE For the common case of manual bolt-tightening, Annex B gives an estimate of Fgo av.
b) maximum forces to be used for load limit calculation (Clause 8) in assembly condition:

They shall be based on the nominal bolt assembly force selected according to a) above:
FBomax = FBonom ><(1“‘5+) (117)

Faomax = FBomax — FRo (118)

The effective gasket width b¢. shall not be recalculated for Fgg max

7.6 Internal forces in subsequent conditions (=1, 2, ...)

To prevent leakage, the gasket force in all subsequent conditions shall be at least the minimum required Fgmin
from Formula (104).

This corresponds to a gasket assembly force equal to Fg, from Formula (105) or (106).

If the admissibility of the forces in the connection has been proved for this value of the gasket forces in the
assembly conditions, and in practise a bolt load Fgy (= Fgo) > Fea + Fro is applied, plastic deformations may
occur in subsequent load conditions. In case of frequent re-assembly (which each of them may generate a
bolt load Fg, + FRro) it is important to avoid accumulation of the plastic deformations that may occur at start-up
after each re-assembly. This is obtained by checking the load limits of the flange connection, in subsequent
conditions, for an assembly gasket force Fgoq defined by the formula below.

Fgod = max{Fgai(2/3)x (1-10/ Ng )% Fo max — Fro | (119)

As described in 5, when the calculation method is applied for a specified bolt load, Formula (2) shall be
applied instead of Formula (119) to take into account the lower bound of applied bolt load that can be much
greater than FG,.
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Subsequent gasket force and bolt load for load limit calculations then are
Fg1 = {Faod % Yao — [Fai x Y + (Fri % YR — Fro % YRo )+ AU |- Auge1 §/ Y (120)
Formula (120) does not take into account plastic deformation that can happen in the subsequent situations of

assembly phase. Where this plastic deformation is considered significant, it is recommended to replace
Formula (120) by Formula (121) below and that method detailed in Annex H or equivalent is used.

Fa1 = {Faod * Yao — [Fai x Yai + (Fri % Yri = Fro % Tro )+ 4U| |- Aege) — lea (Qag) - eaa) i/ Ya (121)
The above alternative Formula (121) enables to take it into account, by introducing the difference between the
compressed gasket thickness after assembly (eg(Qgo)) and the gasket compressed thickness after all situations

have occurred (eg))-

— When no plastic deformation happens in the subsequent situation after assembly we have eg(Oco) = ega)
and Formula (121) is equivalent to Formula (120).

— When plastic deformation happens in the subsequent situation after assembly we have eg(QOgo) > ega).

From values calculated from Formulae (120) or (121), the bolt force in subsequent conditions shall be
calculated as follows:

Fa) = Fg) + (Fou + Fri) (122)
Then in Clause 8 the admissibility is checked with the following approach:
— For assembly condition, Fgomax @and Fgomax Shall be used.

— For subsequent conditions, Fg and Fg, shall be used.

8 Load limits
8.1 General

Loads on the joint system shall be within safe limits at all times. These limits are expressed in calculated load
ratios.

Each load ratio @ ... shall be less than or equal to unity for all conditions (/=0, 1, 2 ...).
The index | for the load condition is omitted in the following for simplification.
Nominal design stresses in assembly condition are the same as in test condition (see 4.3).

NOTE It is reminded that for bolting-up condition (I = 0), the forces to be considered are the maximum possible
forces (see 7.5.2 b).

8.2 Bolts

Nominal design stress of bolts shall be determined by the same rules as used for nominal design stress of
flanges and shells (see 4.3).

Bolt load ratio:

2 2
M
P (EJ +3X(CAX t'Bj <10 (123)
/e xcg |\ 4B I

38



BS EN 1591-1:2013
EN 1591-1:2013 (E)

Where ca and cg defined as follows:

ca = 1 in assembly condition, for bolt material with minimum rupture elongation 4 = 10 % (124)
ca = 4/3 in assembly condition, for bolt material with minimum rupture elongation 4 <10 % (125)
ca = 0in all other loading conditions and in assembly conditions when no torque is applied on (126)

the bolt (tensioner)

NOTE 1 The value ca = 1 is based on a plastic limit criterion. Due to this criterion, some limited plastic strains may
occur at periphery of the bolts in assembly condition.

Use of this criterion has been validated by industrial experience, for bolt material with sufficient ductility
(4210 %).

The value cp = 4/3 is based on an elastic limit criterion. Even with sufficiently ductile bolt material, it may be
selected if a strict elastic behaviour of the bolts is wished in assembly condition.

Concerning cg, it is recommended to apply nuts with specified proof load values not less than the minimum
proof load values of the screws on which they are mounted (ey X fy = 0,8 X dgo X fg)- If bolts are screwed in the

flange, the engagement length of screws in threaded holes shall be sufficiently large (Is; =2 0,8 x dgo X falfr)-
These two aspects are taken into account by introducing a correction factor cg < 1, determined as follows:

cg =min {1,0; ey x fN/(0,8 x dpg x fg )i lst * f§/(0,8 x dgg x fp)} (127)
NOTE 2 If cg < 1,0 the design can be improved.

For good practice, a minimum load ratio should be observed and determined according to bolt material class
(for example, ®gomin = 0,3 for commonly used bolt material).

8.3 Gasket
Gasket load ratio:

Fs

Og=—1C
AGt x QSmax

<10 (128)

8.4 Integral flange and collar

Load ratio for flange, or collar

O =|Fg x hg + Fq x (g — hp )+ Fr < hy| [We <10 (129)
W = (/) \fi x 2 b x o x [1+2x Wop x W7 —W2 )+ fe x dgx B x ey % j *ku (130)
fe =min(fg: fs) (131)
8q = Pxdg [(fg x2x ep xcos pg) (132)
dR =FR/(fE><1T><dE X ep xcos¢s) (133)
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ﬂ for conical and cylindrical shell

\/1,33 {1 ~075x(05%0g +5R)2H1 ~(075x03 +1x 03

(134)

CM =
\/1,33 x [1 —075x(05xdq + 5R)2} {1 - (0,25 <2 +3x 5&)} for spherical shell

%x \/1 —-0,75x% (0,5 xdq + R )2 + jg X (0,5 xR —0,75xdq )for conical and cylindrical shell
cg = (135)
%x \/1 —-0,75x (0,5 xdq + R )2 + jg X (1,5 xR — 0,25 xdq ) for spherical shell

_ FGXhG +FQX(hH_hp)+FRXhH (136)
M ‘FGXhG +FQ X(hH—hp)+FRth‘

(m is equal to +1 or -1 depending on the sign of the expression Fg x hig + Fq x (hH - hp)+ Frxhy)

je=+1 (137)
1 <ky<+1 (138)
0<kg<1 (139)

_ Je X dE xep xCOS g5

U'4 =
( JEX2xbg xep

Jslks)

(140)

T
x{(05xdq +dr )xtanpg —dq x 2x ep [dg + jg x kg x |DM* S X (3”3 x k)
dg xC0S” ¢@g

The values of js, kv, and ks to be used are defined in the calculation sequence described following Table 2.

Yoot = ji % (2x ep [er —1) with (- 1< ¥ <+ 1) (141)
%= %(0.00) (142)
Prnax = ¥ 101,01 (143)
Frin = ¥ ¢1,141) (144)

The value % in Formula (130) depends on jy and ¥ as given in Table 2.
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Table 2 — Determination of ¥

12013
13 (E)

Jm Range of 7 ke ¥, Us kw ks)
PrnaxS Fopt kg =+ 1 7= ¥hax
Ju=+1 o< Fopr< Pnax kg =+ 1 7= Yopt
Yot < Y kg <+ 1 7= 1k, +1)
Popt= Prin kg = -1 7= PYhin
Jm=-1 Proin < Yot < ki = -1 7= Fopt
< Fopt ke > -1 Y7= 1k, +1)

The sequence of calculation shall be as follows:
a) Calculate e, from Formula (18), g having previously been calculated by Formula (19).

b) Calculate fE, 8Q, 6R, cM from Formulae (131) to (134).

(If the value in the root giving ¢y, is negative the hub is overloaded).

c) Calculate ¢ (jg=+1), c(is =-1)./m Foptr For FPmax Fmins from Formulae (135) to (144).

pt:

(If ¥ax <-10r ¥, >+ 1thering is overloaded).

d) Determine ky et ¥, according to Table 2. When that table gives ky < + 1 or ky > - 1 or k, without any
more precision, the value of k), shall be determined so that W is maximum in Formula (130) as

calculated at step e) which follows. The value of ¥, associated with k), is given in Formula (140);

e) Calculate Wg et @ from Formulae (130), (129).
8.5 Blank flange

Load ratio for blank flange:

D =max{‘FB x hg + Fq x(1—p3)>< dge/6+ FR ><(1—p)>< dGe/Z‘;
(
‘FB x hg + Fq x (1—p3)>< dGe/GHFR x (1= p)x dGe/2|} We <10

W,:=(7r/4)xf,:><{2><b|:><e|g+dox(1—p)xe§} (

145)

146)

If there is a possible critical section where ex < er (see Figure 11), then calculate additionally the following

load ratio:

@X :FB X(d3 —dx)/(2>< Wx)S 1,0

(147)
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Wx=(7l'/4)><f|:><{(d4—2 d5e—dx)xe|g+dx><e)2(} (148)

8.6 Loose flange with collar

Load ratio for loose flange:
@ =Fgxh /M <10 (149)
W =(m12)x fi xb xef (150)

Load ratio for collar can be evaluated arbitrarily from 8.4 or from Formula (151). The more favourable result
(i.e. the smaller of both @ values) is valid.

Formula (151) only applies to connections using a flat gasket with (dg, — d7) > 0.

|FQ + FRIX hH

¢F = F
(7[/4)>< dg x |_fE X min{e%;elz; }+ min{f,: x 612: ;Omax ¥ (dGZ - d7)2/4

}]S 10 (151)
The lever arms hg, hy, h. may be determined by variation of the diameter d; in such a way that Formulae (149)
to (151) and (129) to (144) all give the most favourable result, i.e. max (@.; @) is minimum.

In the case of Fqot+Fr > 0 the most favourable result is generally obtained near d; ., according to Formulae
(84) to (86). In the assembly condition (with Fqo = 0 and Fg = 0), in contrast the optimum is near d7 max.

Diameter d; may be different depending on the load condition. For the assembly condition (/ = 0) the load limit
calculations may be performed with a value d7 differing from the value d given in Formula (61).
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Dimensions of standard metric bolts

Table A.1 — Metric bolt meters

BS EN 1591-1:2013
EN 1591-1:2013 (E)

Bolt size @ dBo dpe P dBs
c d
M6 x 1 6 5,06 - 5,3
M8 x 1,25 8 6,83 - 7.1
M10x 1,5 10 8,59 - 9,0
M12 x 1,75 12 10,36 8,5 10,8
M14 x 2 ¢ 14 12,12 10,0 12,7 f
M16 x 2 16 14,12 12,0 14,7
M18x25¢ 18 15,65 - 16,3 f
M20 x 2,5 20 17,65 15,0 18,3
M22x25¢ 22 19,65 - 20,3f
M24 x 3 24 21,19 18,0 22,0
M27 x 3 27 24,19 20,5 250f
M30 x 3,5 30 26,72 23,0 27,7
M33x 3,5¢ 33 29,72 25,5 30,7 f
M36 x 4 36 32,25 27,5 33,4
M39 x 4 39 35,25 30,5 36,4 F
M42 x 4,5 42 37,78 32,5 39,0
M45 x 4,5 45 40,78 35,5 420f
M48 x 5 48 43,31 37,5 447
M52 x 5 52 47,31 41,0 48,7 f
M56 x 5,5 56 50,84 440 52,4
M60 x 5,5 ¢ 60 54,84 - 56,4
M64 x 6 64 58,37 51,0 60,1
M68x 6 © 68 62,37 - 64,1
M72 x 6 72 66,37 58,5 68,1
M76 x 6 © 76 70,37 - 721
M80 x 6 80 74,37 66,0 76,1
MO0 x 6 90 84,37 75,0 86,1
M100 x 6 100 94,37 84,0 96,1

a

b

For M6 to M64, the pitch py is that of the normal series (according to |SO 261)); up to and including M64 the
nominal dimensions conform to EN ISO 4014 and EN ISO 4014

The value of dgg corresponds to the following definition:
dge = (dgo +dg3)/2 (see Figure 2); dg, =dgg -0,9382 x py

Diameter of neck for necked-down bolts (dimensions not standardized by EN or ISO)

Body diameter for rolled thread (approximately equal to the basic pitch diameter dg, according to ISO 724).

Non-preferred sizes.
Dimensions not standardized by EN or ISO.
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Annex B
(informative)

Tightening

B.1 Scatter of initial bolt load of a single bolt — Indicative values &1. and &¢. for a
single bolt

Table B.1 — Scatter of initial bolt load of a single bolt — Indicative values ¢,. and ¢,. for a single bolt

Scatter value

Bolting up (tightening) method; Factors affecting scatter ab.cd
Measuring method
&1_ E14
Wrench: operator feel or uncontrolled Friction, Stiffness, Qualification of [ 0,3+ 0,5xu | 0,3+ 0,5x
operator u
Impact wrench Friction, Stiffness, Calibration 02+05xu| 0,2+0,5x

Torque wrench = Wrench with measuring of torque Friction, Calibration, Lubrification | 0,1+0,5x x| 0,1+ 0,5x

(only) u
Hydraulic tensioner; Measuring of hydraulic pressure Stiffness, Bolt length, Calibration 0,2 0,4
Wrench or hydraulic tensioner; Measuring of bolt Stiffness, Bolt length, Calibration 0,15 0,15
elongation
Wrench, Measuring of turn of nut (nearly to bolt Stiffness, Friction, Calibration 0,10 0,10
yield)
Wrench, Measuring of torque and turn of nut (nearly Calibration 0,07 0,07
to bolt yield)

@  Very experienced operators can achieve scatter less than given values (e.g. ¢ = 0,2 instead of ¢ = 0,3 with torque wrench); for
inexperienced operators scatter can be greater than shown.

b Tabulated scatter values are for a single bolt, the scatter of the total bolt load will be less, for statistical reasons, see B.2.
¢ With hydraulic tensioner, ¢, et &1_ are not equal, due to the fact that an additional load is supplied to the bolt while turning the unit
to contact, prior to load transfer to the nut.

d wis the friction coefficient which can be assumed between bolt and nut.

B.2 Scatter for the global load of all the bolts

All bolt-tightening methods involve some degree of inaccuracy. The resulting scatter values for a set of ng
bolts are &, and ¢, respectively above and below the target value. Table B.1 gives indicative values ¢4, and ¢;.
for single bolts.

When the accuracy of the tightening of one bolt is not influenced by the other bolts, the scatter values ¢, and .
for the total bolt load are reasonably expressed in terms of ng, ¢1+ and &,. as described below.

e, =er [1+3/fng )4 (B.1)
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e =er 143/ ng V4 (8.2)

B.3 Manual uncontrolled tightening

By manual use of standard ring wrenches (without additional lever arm, without hammer impacts and without
measuring of force or torque), the achieved average initial bolt force is limited by the wrench length (about 20
X dgo), the power of the operator (maximum value about 1000 N) and the friction at the bolts (ug > 0,1).

For dgo<24 mm, an initial bolt stress greater than 600 MPa may be achieved and the bolt may be destroyed if
the operator has no feeling.

For dgy>36 mm, the achieved initial bolt stress is less than 200 MPa, what is not sufficient in most cases.

For manual uncontrolled tightening by sufficient experienced operators the following estimate for the average
total bolt force may be made:

Fggay = Min(dg x fgg;ng x 200000) (B.3)
Where A4gis expressed in [mmz],fBo in [MPa] and Fgoay in [N].
However, such uncontrolled tightening is not recommended.
B.4 Assembly using torque wrench
The nominal torque applied to tighten bolt is:

M nom = kB x FBonom /”B (B.4)

Hence the nominal bolt assembly force is:

FBonom =1 Mt,nom/kB (B.5)

The general formula for kg is:
kg = pi/(2x 7)+ py x dy /(2 x cos @)+ up x dpy 2 (B.6)
where

d,:  mean contact diameter under nut or bolt head;
di:  mean contact diameter on thread;

un.  friction coefficient under nut or bolt head;
U friction coefficient on thread;

)25 thread pitch;

a: half thread-angle.

In Formula (B.6), the first term is due to inclination of the thread helix angle, the second is due to friction
between threads, and the third is due to friction under the nut (or bolt head).
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For threads of ISO triangular profile, the expression of kg becomes:

kg =089 % p; + 0,577 x py x dgp + 0,5 x u, x dp, (B.7)
where

dp> is the mean thread diameter (see Figure 2).
The values given below for u, u,, are very rough estimated values, the highest being for austenitic steels.
Precise friction coefficients shall be gathered from the lubricant manufacturer, knowing the precise used
lubricant reference.
— 0,10 to 0,15 for smooth, lubricated surfaces

(B.8)

— 0,15 to 0,25 for average, "normal" conditions
— 0,20 to 0,35 for rough, dry surfaces
NOTE Use of simple torque wrench without torque multiplier device is limited to about M;nom = 1 000 Nm.

Nominal twisting moment on bolt shanks

This moment is approximately equal to the part of assembly torque due to the friction coefficient on threads.
From Formulae (B.4) and (B.7), it writes:

Mg nom = (0159 x py + 0,577 x 4 x dgp)x Fagnom /"8 (B.9)

B.5 Assembly using bolt tensioner

When assembling and tightening a joint using Hydraulic Bolt Tensioning the factors affecting the achieved
scatter and achieved residual bolt load are different to torquing.

The most significant factor in bolt tensioning is Tool Load Loss, this should be determined as follows.

To achieve a Nominal Bolt force Fgg nom in all cases of Hydraulic tensioning a Tool load loss factor should be
added to determine the Applied Bolt Force required to produce the required Nominal Bolt force Fgg nom. This
additional Applied Force should be considered when selecting Bolt material and tightening method to ensure
that the applied load in a bolt will not take the bolt into plastic deformation.

Tool Load loss occurs due to the transfer loss when the pressure is released from the Hydraulic tensioner by
the load transfers from the threads of the tensioner to the threads of the nut. This causes thread deflection in
the nut and consequent load loss. (An additional but smaller load loss occurs as the nut settles onto the flange
nut spot face as load transfers to the nut.)

Tool load loss is dependent upon the diameter of bolt, the thread pitch and the load and increases in
significance as the L/D ratio (Effective length/ root diameter of the bolt) reduces.

When the L/D ratio is below 4 generally torque is more accurate.

Alternative methods of calculating tool load loss factor are described in standards such as Norsok L0O05.
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Tensioning offers the advantage of multiple tools tightening bolts simultaneously with a direct axial pull, this
gives even gasket compression. However on most standard flanges it is impossible to fit tensioning tools on
every bolt on one side of the joint (one flange) due to clearance issues. Common practice has developed to
apply 50 % tensioning to applications other than highly critical joints such as nuclear or high cost such as sub
sea.

In typical applications, tensioner is fitted to every other bolt and 50 % of the bolts are then tightened. The
tensioners are then moved to the other 50 % of bolts which are then tightened.

As the second set of bolts tighten the gasket compresses further resulting in load loss in the first set of bolts.
Therefore for speed i.e. to complete tightening in two passes it is common practice to apply a Flange Load
Loss Factor to the first set of bolts and tighten them to a higher level to allow for the loss as the gasket
compresses.

This factor and procedure is often referred to as Flange Load loss factor and shall be planned and considered
when tensioning bolts to ensure that neither the flange gasket nor bolt is taken beyond desired stress /Load
limits during assembly /tightening or at any phase.

Where Flange load loss factor creates an issue then the 100 % figure can be used with repeat passes until no
nut movement occurs. This should be done system by system to ensure no foul play.

47



BS EN 1591-1:2013
EN 1591-1:2013 (E)

Annex C
(informative)

Flange rotations

C.1 General
The flange rotations which can be expected in practice are dependent among other parameters, on the true

initial bolt force applied at bolting-up. Also, some (small) plastic deformation may occur, both at bolting-up and
in subsequent conditions. Therefore:

— only lower and upper limits to the rotations can be evaluated, assuming successively minimum and
maximum possible values of initial bolt load;

— only the elastic part of the rotations can be calculated.

C.2 Use of flange rotation

If the gasket manufacturer specifies a maximum acceptable value of flange rotation for the gasket, then the
calculated values shall be checked to ensure that they are less than the maximum acceptable value.

Measured values of O + (5,: respectively @L+§L, can be used to control the bolt load during assembly.

C.3 Calculation of flange rotations

The elastic rotation of each flange or collar may be calculated from the following Formula (C.1) and for loose
flanges from Formula (C.2):

Z
@F:E_FX{FGX}ZG+FQX(hH_hP+hQ)+FRX(hH+hR)} (C1)
F

6 =(Z /B )xFg xh_ (C.2)

The preceding formulae are applicable to all loading conditions (I = 0, 1, 2 ...) provided use of appropriate
values of Eg, E|, Fq, FR, Fg et Fg for each condition:

— Ef, E|): same values as elsewhere;
— Fqu FR): values according to Formulae (91) and (96);

— Fg, Fg. use minimum possible values of gasket and bolt loads to calculate minimum rotations,
respectively maximum possible values to calculate maximum rotations.
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These values are given by the following formulae:
— For bolting up condition (I = 0):

Fgomin = FBonom % (1 - ‘9—)

Fgomax = FBonom % (1 + 5+)

Fgomin = FBomin ~ IR0

Feomax = FBomax — FRo

— For subsequent conditions (I # 0):

Minimum and maximum values of Fg,, Fg, are obtained from the following formulae:
Faimin = tFaomin * Yoo — [Fai * Yai + (Fri x Y = Fro % Yro )+ AU |- 4ee, }/ Yol
Faimax = {Faomax * Yoo —[Fai x Yai + (Fri x Yri = Fro * Yro )+ AU} |- dege) J/ Yo
Faimin = Foimin + (Fai + Fr)

IBimax = FGImax +(FQI +FRI)

BS EN 1591-1:2013
EN 1591-1:2013 (E)

(C.3)
(C.4)
(C.5)

(C.6)

(C.7)
(C.8)
(C.9)

(C.10)

49



BS EN 1591-1:2013
EN 1591-1:2013 (E)

Annex D
(informative)

Use of the calculation method

D.1 Calculation method principle

Calculation for sealing performance is based on elastic analysis of the load/deformation relations between all
parts of the flange connection, corrected by a possible plastic behaviour of the gasket material. Calculation for
mechanical resistance is based on (plastic) limit analysis of the flange-shell combination. Both internal and
external loads are considered. Load conditions covered include initial assembly, hydrostatic test, and all
significant subsequent operating conditions. The calculation steps are broadly as follows:

a) First, the required minimum initial bolt load (to be reached at bolting-up) is determined, so that in any
subsequent specified load condition, the residual force on the gasket will never be less than the minimum
mean value required for the gasket (value is gasket data from EN 1591-2 for instance). The determination
of this load is iterative, because it depends on the effective gasket width, which itself depends on the
initial bolt load.

b) Then, the internal forces that result from the selected value of initial bolt load are derived for all load
conditions, and the admissibility of combined external and internal forces is checked as follows:

1) bolting-up condition: the check is performed against the maximum possible bolt force that may result
from the bolting-up procedure;

2) test and operating conditions: checks are performed against the minimum necessary forces (except
when using the special procedure involving a specified bolt load described in 1), to ensure that the
connection will be able to develop these minimum forces without risk of yielding, except in highly
localised areas. Higher actual initial bolting results in (limited) plastic deformation in subsequent
conditions (test, operation). But the checks so defined assure that these deformations will not reduce
the bolt force to a value less than the minimum required.

If necessary, the flange rotations may be estimated in all load conditions, using Annex C, and the values
obtained, compared with the relevant gasket limits which could apply.

is based upon the principle that a selected leakage rate is to be achieved. In that case, the gasket
sealing coefficients have to be taken from results from tests performed according to EN 13558 or directly from
EN 1591-2:2008. The gasket leakage behaviour is measured according to EN 13555, using Helium. Available,
incomplete, models for leakage rate conversion and their limitations are given in Annex |.

But, where there is no requirement on limitation of leakage, the calculation can be performed using gasket
coefficients not related to leakage rate (see table of Annex G), the other coefficients are to be obtained in
accordance with or directly from EN_1591-2:2008. In that case the attempted leakage rate can be
estimated from the calculated gasket contact pressure and the leakage diagram obtain for that specific gasket

type during EN 13551 tests.

The load calculated by the procedures outlined in this standard represent the minimum bolt load that should
be applied to the gasket to achieve the required tightness class. Increasing bolt load within acceptable load
ratios of the flanges / bolt / gasket, reduces leak rates and produces a conservative design. The designer may
choose a bolt load between the load to achieve the tightness class and the load limited by the load ratios.
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D.2 Mechanical model

The calculation method is based on the following mechanical model:

a)

b)

c)

d)

k)

Geometry of both flanges and gasket is axisymmetric. Small deviations such as those due to a finite
number of bolts are permitted. Application to split loose flanges or oval flanges is not permitted.

The flange ring cross-section (radial cut) remains undeformed. Only circumferential stresses and strains
in the ring are treated; radial and axial stresses and strains are neglected. This presupposition requires
compliance with condition 4.2 a).

The flange ring is connected to a cylindrical shell. A tapered hub is treated as being an equivalent
cylindrical shell of calculated wall thickness, which is different for elastic and plastic behaviour, but always
between the actual minimum and maximum thickness. Conical and spherical shells are treated as being
equivalent cylindrical shells with the same wall thickness; differences from cylindrical shell are explicitly
taken into account in the calculation formula. At the connection of the flange ring and shell, the continuity
of radial displacement and rotation is accounted for in the calculation.

The gasket is modelled by elastic behaviour with a plastic correction. For gaskets in incompressible
materials which permit large deformations (for example: flat gaskets with rubber as the major
component), the results given by the calculation method can be excessively conservative (i.e. required
bolting load too high, allowable pressure of the fluid too low, required flange thickness too large, etc.)
because it does not take account of such properties.

The gasket contacts the flange faces over a (calculated) annular area. The effective gasket width (radial)
bge may be less than the true width of gasket. This effective width bg. is calculated for the assembly
condition (/ = 0) and is assumed to be unchanged for all subsequent load conditions (/= 1, 2 ...) even in
the case where the gasket stress is higher in one of the subsequent conditions (involved Eg values
modifications are not considered to be of importance for the calculation result). There is no chronological
order specified for the subsequent conditions numbering. The calculation of bge includes the elastic
rotation of both flanges as well as the elastic and plastic deformations of the gasket (approximately) in
assembly condition.

The modulus of elasticity of the gasket at unloading (Eg) may increase with the compressive stress Qg on
the gasket. This modulus of elasticity is the unloading elasto-plastic secant modulus measured between
100 % and 33 % for several gasket stress levels. The calculation method uses the highest stress (Qg) in
assembly condition.

Creep of the gasket under compression can be approximated by a creep factor Pqor (see Annex F).
Thermal and mechanical axial deformations of flanges, bolts and gasket are taken into account.

Loading of the flange joint is axisymmetric. Any non-axisymmetric bending moment is replaced by an
equivalent axial force, which is axisymmetric according to Formula (96).

Load changes between load conditions cause internal changes of bolt and gasket forces. These are
calculated with account taken of elastic deformations of all components. To ensure leaktightness, the
required initial assembly force is calculated (see 7.5) to ensure that the required forces on the gasket are
achieved under all conditions (see 7.4 and 7.6).

Load limit proofs are based on limit loads for each component. This approach prevents excessive
deformations. The limits used for gaskets, which depend on QOgnax are only approximations.

The model does not take account of the following:

1)

Bolt bending stiffness and bending strength. This is a simplification. However the tensile stiffness of the
bolts includes (approximately) the deformation within the threaded part in contact with the nut or threaded
hole (see Formula (42)).

Creep of flanges and bolts (assuming that the materials have been selected in order to avoid excessive
creep).
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n) Different radial deformations at the gasket (this simplification has no effect for identical flanges).
o) Fatigue proofs (usually not taken into account by codes like this).
D.3 Required checks

Checks for admissibility of loads imply safety factors which are those applied to material yield stress or
strength in the determination of the nominal design stresses used in the calculation method.

The assembly bolt load shall be sufficiently large to ensure leak tightness for all subsequent load conditions.
Additionally, it is recommended to specify the tightening procedure with the required parameters (e.g. torque,
tension...).

— The load ratios for bolts, gasket and both flanges are to be checked for all load conditions (including
assembly and load conditions).

— If no leakage rate is specified, the expected leakage rate can be determined from the calculated gasket
load in all situations, using gasket leakage data from test according to EN 13555.

D.4 Calculation sequence
The calculation sequence is detailed below in accordance with the clause numbers defined in this document.
6 Calculation Parameters

6.2 First flange and second flange parameters

6.2.2 b, dg, e (or b, dy. e )" and b, dg, o (or b, d., 5 )"
d3e (d3e = d3e )
623 €g, ep, dE and gE, gD: JE

624 4 and i

ZF, ZL and ZF, ZL

6.3 Bolts and washers parameters
6.3.2 Ag
6.3.3 Xg

6.3.4 by, Ay, dx1, dxz, bk
635 Xy and Xy

6.4 Gasket parameters

NOTE An alternative calculation method taking into account plastic deformation that can happen in the subsequent
situations of assembly phase is also proposed in Annex H. The application of this annex can replace the calculation
sequence proposed from 6.4 to Clause 7. Then the calculation from Clause 8 can be applied.

1) Only in the case of loose flanges.
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6.4.2

6.4.3

6.4.4

6.4.5

7.2

7.21

7.2.2

7.3

7.4

7.5

7.51

7.5.2

7.6

8.2

8.3

8.4/ 8.5/
8.6
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bgt dat Agt

Fgo from Formula (58) or from Formula (1) of 5. if an initial bolt force (Fsospecifiea) iS Specified
bge dge: Age (first approximation)

Ego, hgo et hgo
Xg

Tablel bgg dge, Age (MOre precise)

hp, hay hg, hy (and i) D and 7p, kg , hig (= figg ), by (and g )"
Forces

Applied loads

Ty, Fro (I=0)

AQ’ FQla FAb FL|’ MAb MTGlJ FRla AUT[ ([ > 0)

Compliance of the joint
Yo, Yor Yri Yl

Minimum gasket forces
Fomins £'Gimin

Internal forces in assembly condition

Fga (from Formula (109) or from Formula (110) associated to Annex H)

Fgo req FB0 req (If Fo req > Fio then calculation shall be reinitiate from 6.4.3)

FBO nom: FBO max: FGO max

Internal forces in subsequent conditions

Fgoq (from Formula (119) or from Formula (2) if an initial bolt load is specified as described
in 5)

Fg, (from Formula (120) or from Formula (121) associated to Annex H), Fp,

Load limits

Bolts
Dg

Gasket
Ds

First flange and second flange?)
@k (or @), possibly @y, and @ (and @, ), possibly & y

2) For simplicity, possible optimisation of d7 (if the flange is loose) is not shown (see 8.6).
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Annex E
(informative)

Gasket/flange face friction coefficients examples

Table E.1 — Gasket/flange face friction coefficients examples

Generic gasket type Value for pg
PTFE based gaskets 0,05
Graphite based gaskets 0,1
Fibre based gaskets / rubber gaskets 0,25
Flat metallic gaskets 0,15

These friction factors are probably very conservative. An experimental determination of the friction factor
should be preferred.

NOTE These lower limits tabulated values may lead to very conservative calculations because they do not take into
account the specific roughness of the flange surfaces.
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Annex F
(normative)

Determination of 4., based on a given Pqr

F.1Determination of the deflection occurring during a PqgRr test

NOTE In EN 13555:2004 and EN 1591-1:2001+A1:2009, the gasket creep was taken into account by the factor Pqr.
This version of the standard is no longer using the factor Pqr to take the gaskets creep into account. This phenomenon is
now directly handled by the treatment of gasket deflection including the viscous contribution.

Y
0,

Or

Aeg,

Key
X  gasket deflection

Y gasket surface pressure
1  creep-relaxation phase under a defined stiffness
Figure F.1 — PqpR test
The former Pqr is measured for a specific stiffness of the assembly (K), a specific initial gasket stress (Q)) and a
_

temperature (7). According to 13555:2004, the measured creep factor Par [k, i, j for such a specific set of
conditions is defined by the Formula below as the ratio of the residual stress to the initial stress:

Park, a1 = OrIO) (F.1)

Thus for a specific set of conditions [K, Ql, T], the viscous contribution of creep in the gasket deflection during
the test, can be evaluated by the Formula below.

Agtjtest] X 9 ¥ (1 - FarK,Q,,T] ) (F.2)

Ae =
GC[K,QLT] test K

where

— Aayesy i the gasket surface area during the test following EN 13555:2004 defined by:
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AGt = %x (dG 2 dGintz )where dcext and dgin; are respectively the external and the internal diameters of

the gasket used for the test (typically a PN40 DN40 gasket size) [mmz];
— Kiis the stiffness of the test rig used for the test following EN 13555:2004) [N/mm];

— T is the temperature (during the test) used for the test following EN 13555:2004 (that shall be chosen
as close as possible to the temperature of the calculated assembly) [°C];

— Qs the initial gasket contact pressure [MPa];

— Park a, 1118 the value for the creep factor derived from the test following EN 13555:2004 performed
for the specific set of conditions (stiffness, initial contact pressure and temperature).

F.2Determination of the deflection to be taken into account in the calculation

In the calculation, the stiffness of the assembly regarding the gasket is defined by 1/Y;. Thus, the value of K
for the Pqr test has to be as close as possible as the value of 1/7; of the calculated assembly. Then the,
viscous contribution of creep in the gasket deflection to be taken in the calculation is defined by the following
formula:

dege =K xYg x AeGC[KQ"T],teSt -
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Annex G
(informative)

Sealing gasket parameter when no leakage rate is specified

Table G.1 — Sealing gasket parameter when no leakage rate is specified

H QOmin
Gasket type and material MPa m
Non-metallic flat gaskets (soft) and flat gaskets with metal insertion
Rubber 0,5 0,9
PTFE 10 1,3
Expanded PTFE (ePTFE) 12 1,3
Expanded graphite without metal insertion 10 1,3
Expanded graphite with perforated metal insertion 15 1,3
Expanded graphite with adhesive flat metal insertion 10 1,3
Expanded graphite with metallic sheet laminated in thin layers with standing high stresses 15 1,3
Non asbestos fibre with binder (thickness < 1mm) 40 1,6
Non asbestos fibre with binder (thickness >= 1mm) 35 1,6
Grooved steel gaskets with soft layers on both sides
PTFE layers on soft steel 10 1,3
PTFE layers on stainless steel 10 1,3
Graphite layers on soft steel 15 1,3
Graphite layers on low alloy heat resistant steel 15 1,3
Graphite layers on stainless steel 15 1,3
Silver layers on heat resistant stainless steel 125 [ 1,8
Spiral wound gaskets with soft filler
Spiral wound gaskets with PTFE filler, outer support-ring only 20 1,6
Spiral wound gaskets with PTFE filler, inner and outer support-rings 20 1,6
Spiral wound gaskets with graphite filler, outer support-ring only 20 1,6
Spiral wound gaskets with graphite filler, inner and outer support-rings 50 1,6
Solid metal gaskets
Aluminium (Al) (soft) 50 2,0
Copper (cu) or brass (soft)) 100 | 2,0
Iron (Fe) (soft) 175 12,0
Steel (soft) 200 | 2,0
Steel, low alloy, heat resistant 225 | 2,0
Stainless steel 250 |20
Stainless steel, heat resistant 300 [2,0
Covered metal-jacketed gaskets
Soft iron or steel jacket with graphite filler and covering 20 1,3
Low alloy steel (4 % to 6 % chrome) or stainless steel jacket with graphite filler and covering | 20 1,3
Stainless steel jacket with expanded PTFE filler and covering 10 1,3
Nickel alloy jacket with expanded PTFE filler and covering 10 1,3
Metal-jacketed gaskets
Aluminium (soft) jacket with graphite filler 50 1,6
Copper or brass (soft) jacket with graphite filler 60 1,8
Soft iron or steel jacket with graphite filler 80 2,0
Low alloy steel (4 % to 6 % chrome) or stainless steel jacket with graphite filler 100 | 2,2
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Annex H
(informative)

Alternative calculation procedure taking into account the plastic
deformation of the gasket in subsequent load conditions procedures
(after assembly)

H.1 Introduction

In the main part of this calculation method possible plastic deformations of the gasket should be taken into
account only for assembly (eG(O)SeG(N)zth); for subsequent load conditions they are neglected for

simplicity.

However, if in a subsequent load condition the gasket stress rises above the assembly level (e.g. due to
external fluid pressure) and/or if the resistance of the gasket material lowers (e.g. due to elevated
temperature), then additional plastic deformations of the gasket occur.

From this follows |_3G(0) —eG(A)J> 0 to be applied in Formulae (106) and (121).

All dimensions of a gasket may be changed by loading, but they may also remain unchanged. The gasket
thickness may change from eG(N) = €Gt new) 10 eG(0) = €G(Q0) 10 €G(l) = €Ge(l)- The last change gives the deciding

smallest gasket thickness €G(4) (after all had applied).

The effective width bg, may also change by changed loading; it may be connected with a change of dge and
Age.- Finally the greatest width bge = bge(a)should be taken to get conservative results.

The theoretical width bg; may also change by loading (it may be increased if eg, is decreased); however this
effect is not large and it is neglected for simplicity.

H.2 Calculation procedure

H.2.1 General description
The calculation of plastic deformations of the gasket should be based on the corresponding forces Fg).

From a known actual gasket force after assemblage Fg() the corresponding actual force in all subsequent
load conditions (I = 1,2, ... I,ax) may be calculated as follows:

Fg() = {Fa(0)* Y6(0) —-AUg() - [ec;(o) _eG(A)J}/ Y5() (H.1)
Herein: AUG(|) = [FQ| X YQ| + (FRI X YRI - FRO X YRO)+ AU|]
The iterative calculation starts with eg(a) = eg(0)-

A required precision for a minimum change of the gasket thickness should be assumed:

deg(a) = €G(A)old ~ €G(A)new e.g.: deg(a)min =0,02mm (H.2)
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For all load conditions (I = 0, 1, 2, ... Inax) the effective dimensions of the gasket (bGe(U‘dGea),AGe@) and eGe(|))
should be determined according to one of the following subclauses H.3 to H.5.

H.2.2 No additional plastic deformation

If no load condition is indicated ege < eg(a) then additional plastic deformation not occurs. The actual effective
dimensions bge dge AGe and eg(p) remain unchanged. The calculation continues within 7.4 (either with
Formula (110) or with Formula (125)).

H.2.3 Additional plastic deformation

If any load condition is indicated ege < eg(a) = €G(a)old then some additional plastic deformation occurs. A
new value eg(a) =eg(a), new should be assumed. The following rules are proposed:

(a) ea(apnew = 0.5 * {Minlege() |+ ec(a)old however:

(b) eg(a)new = 0.8 * eg(a)old however:

(C) eg(A)new < eG(A)old — 4eG(A)min

For changes Aeg(a)=eg(a)min the effective dimensions bge()dge()Ace(l) a1d ee()Should be calculated
again. The calculation returns to 6.4.

For changes Aeg(a) < deg(a)min the smallest eg() =eg(a)and the greatest bge() with corresponding dge()
and Age(j) should be applied for all further calculations.

The calculation continues within 7.4 (either with Formula (110) or with Formula (125)).

H.3 Flat gaskets
H.3.1 Flat gaskets with small or median deformations
H.3.1.1 Basic formulae

Due to the rotation of flanges (@F(1) +OF(2) = @G) the relative axial deformation of the gasket (‘I’) is variable
over the width (in radial direction).

If at a radius r, the deformation is ¥ , then at a radius 1y + Ar the deformation is:

T=T0 +@G *AF/th (H3)
Og =Hg * Fg (H.4)
HG Z(hG *ZF/EF)(1)+(hG *ZF/EF)(Z) (H5)

From the axial deformation Hr) results an axial compressive stress ) (or vice versa). Equilibrium of axial

force UQ(r)*dr) and a moment UQ(F)*(}’—}"O)*dr) gives the effective gasket width (bGe)and the

corresponding diameter (dGe) where the gasket force acts, and where also the actual effective gasket
thickness (eGe) should be found:
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ege = eat *[1- o] - Og() * (bat —bae /2) (H.6)
H.3.1.2 Calculations for a general material law

The average (mean) gasket compressive stress Q,, as a function of the average deformation ¥ =1-eg/egt
may be found by measurements according to EN 13555 (gasket between rigid plates).

This function may be applied also to determine local variable compressive stress Q) depending on local
variable deformation (gasket between rotating flanges).

It is usefull to have the function by a formula (not only by extended tables) e.g. as follows:

Q) =min{[(Cy +(Cp + C3 * ¥ )+ ¥ )« |I[1+ (By + By * ¥ )+ ¥]; Oy | (H.7)
Other formulae are possible. Always should be expected dQ/dy = Dg >0 for all ¥ (0 <¥< ‘I’max).

The required integrals may be calculated by a numerical procedure for 6 points (5 sectors) over the theoretical
gasket width:

¥ = ¥(o) should be assumed.

() =max {0;¥q +J * 4y | for J=1,2,3,4,5. (H.8)
Ay =Og * bt 15 egy) (H.9)
¥ = o) ¥y #lo) ¥1a) ¥la) o) = List ¥ (H.10)
0 = (o) Q) Q2) Q(3) Q4 Ops) = List @ (H.11)

The average of Q) over the theoretical gasket width and the effective gasket width should be as follows:
Oay =01 Qo) + 0,2 o) + 0,2 * O2) + 0,2 * @)+ 0,2 O4)+ 0,2 O(s) (H.12)
bge =bgt * [0,2 *Q(0) +0.32* Q1)+ 0,24+ 02) + 0,16 * O3) + 0,08 * O(4) + 0,0 * Q(5)J/ Oav (H.13)

If Agt * Oy # Fg then the assumed value ¥ should be changed and the calculation should be repeated. (For
continuation with H.2.3 a rough approximation for ¥ is sufficient).

If bge > 0,8 *bg; then proceed to H.3.2.
Otherwise the effective gasket thickness egg follows from Formula (H.6).

H.3.1.3 Calculations for a simplified material law

The general material law according to Formula (H.7) should be simplified by By=B,=0 and C, =C3=0.
Then it corresponds to a linear-elastic-ideal-plastic material (C1 = DG):

Oly) =min {Dg * ¥ 0y } (H.14)
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The required integrals may be calculated analytically. For small loading (elastic behaviour) and large
theoretical gasket width, the contact width is b;. = b5 (independent on the gasket force):

bGo={2*@Gt/[ﬂ*de*DG*HG]}(1/2) (H.15)

For this case (elastic with bgg = bgt ) results bge = (2/3)*bGo. For three other cases the results are different.
They all should approximately collect as follows:

be = bat *max{[1 +5 *(bGt /bGo)4}_1/4); Fg /(AGt *QY)} (H.16)

If bge > 0,8 * bgt then proceed to H.3.2.
Otherwise the effective gasket thickness eg, follows from Formula (H.6) with:
¥ = (bgo — bat)* O / ey (H.17)
It may be¥; <0.
H.3.2 Flat gaskets with greater deformations
If bge = bge = bgt then the axial gasket compressive stress becomes nearly uniform over the width.

If in such situation is Fg(j) > 4gt * Qy(). then greater plastic deformations should be possible. They may be
estimated as follows:

Determine a factor for support by radial friction (or shear respectively) at the gasket surfaces:

cg =1+05 kg *[1+ kg J/[1+ ug * k] (H.18)
If both radial boundaries of the gasket are open (free):

kg =1* g * bat / ege (H.19)
If only one boundary of the gasket is open, the other should be closed:

kg =2* ug *bgt l ege (H.20)
If both boundaries of the gasket are closed, then may be assumed:

G =5 (H.21)

A boundary may be treated to be closed only if the radial gap between the two flanges is smaller than the
actual gasket thickness.

For all load conditions the corresponding load ratio should be calculated (preliminary load limit check):
@) = Fo() (ot * Oy () * ca) (H.22)

If @g(j) <1 then no additional plastic deformation occurs.
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If @) >1 then some additional plastic deformation occurs.

The effective thickness of the gasket ege decreases to a yet unknown value. This value should be found by
repeated calculations with different assumed ege until@g()~1. However this should not be necessary,

because a decrease of eg(a) = ege leads to a decrease of Fg()- Therefore at this point a very rough estimate
should be sufficient:

€Ge,new = €Ge,old /(DG(I) (H.23)

H.4 Metal gaskets with curved surfaces (Figures 3b, c, e, f)

The effective gasket width essential should depend on the gasket force.

b = 6 % k¢ * 1y * COS oG * () N { Fg() T (H.24)
7 * dge * Eg()) 7 *dge * Qv ()
where
Eg = Modulus of elasticity of the gasket for unloading/reloading at the considered temperature
O, = yield stress of the gasket metal
Gasket with simple contact :
Kc=1 (H.25)
d, =dg, (H.26)
Gasket with double contact:
Ke=2 (H.27)
dge = dat (H.28)
Follow: bge, Age from Formulae (61), (62).
ea(l) = ea(N) — (bae / kc ¥ /(4 *1p % (cos pg )3) (H.29)

H.5 Metal gaskets with octagonal section (Figure 3d)

Effective dimensions determined for assembly in 6.4 (Table 1) should remain unchanged during ail
subsequent load cases. No additional deformations should occur.
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Annex |
(informative)

Available, incomplete models for conversion of the leakage rates in
different conditions (based on certain flow models)

.1 Introduction and warning

WARNING — At present, due to the incomplete understanding of involved mechanisms of leakage, this annex
cannot be used to determine the on-site leakage rate. It shall be emphasised that the correlations given in the
present document are based on a very simplified model where all the leaks are supposed to be concentrated
in straight cylindrical capillaries. This is not realistic for the moment to use them without any high additional
background. This annex is giving a sum-up of the general correlation trends that are available.

The calculation method developed in the EN 1591 standards suite, enables to design bolted flange
connections for a given Tightness Class. The evaluation of the expected Tightness Class can also be
performed by a post-calculation analysis in the case where no particular Tightness Class had been taken into
account for the calculation.

The link between the Tightness Class rate and the gasket solicitations (contact pressure, internal fluid
pressure and temperature) is performed by Lab-testing according to . This standard is specifying
Helium as the test medium for the sealing test. For practical reasons, the gasket is compressed with non-
deformable platens, and has specified dimensions. Moreover, a limited set of conditions (as internal fluid
pressure or temperature) are investigated for performing the tests.

When performing a calculation according to , the input parameter should be selected regarding the
life conditions (internal pressure, temperature, external loads,...) for the bolted flange connection. As seen
above, the leakage rates are assessed in Lab conditions that may be different from the real conditions on site.
This raised the issue of assessment of the expected leakage rate in the real condition depending on the
leakage rate measured in Lab.

After a brief introduction of the theory and formulae involved in the flow phenomena, highlighting the
difficulties and restrictions of the correlation calculations, a practical method based on current available
knowledge is described in this document.

.2 Flow theory fundamentals
.21 Transport modes

The transport of matter in the context of leakage through gasketed joints (bolted flange connections with
gaskets) takes place by diffusion or permeation and by viscous flow. The driving force in diffusion is solely due
to differences of concentration which cause matter to be transported in the direction of the lower
concentration. Viscous flow on the other hand is triggered by pressure differences. In gasket problems both
phenomena are inextricably superimposed. At low pressure differences between the sealed volume and the
surroundings diffusion or molecular flow predominates whilst at higher pressure differences the viscous flow
fraction prevails. A detailed discussion of these material transport phenomena in sealing problems may be
found in [7] and [8].

The derivation of flow theory relationships is effected on the basis of a simplified modelling of gasket body
through which seepage is occurring in the sealing face regions. To characterise the flow along the dividing
surface between the gasket and flange sealing face reference [7] for example, resorted to a triangular groove
as a model from [9] for flange face turning grooves. By means of this the boundary leakage of gasketed joints
with compact gaskets e.g. metal gaskets can be modelled. For the description of flow through the body of fibre
gaskets, especially those with long fibres, models with capillaries as leakage channels are suitable. To what
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extent these models are applicable to other jointing materials with different pore or leakage channel structures
(Graphite, PTFE, Mica . . .) can only be checked by experiment.

.2.2 Case of gases

1.2.2.1 Parallel capillary model

The current gas transport laws determined on the basis of the “parallel capillary model” (introduced in [16] &
[17]) are summarised in Table 1. The quantity which characterises flow is the mean free path of the gas atoms
divided by the capillary diameter which is designated the Knudsen Number. At very small Knudsen Numbers
laminar continuum flow (Hagen-Poiseuille) occurs whilst at very large values the flow is molecular and

between the two mixed flow incorporating both components occurs.

Table 1.1 — Flow type depending on Knudsen number

Knudsen .
Number Type of Flow Calculation Formula
K, « 1 Laminar . _£W4ﬁ( 2 2)
“RT 16gL VTP
1<K,<100 mixed . wir M 4 22 3 Ap
m= p—+—-y nre | —
8 "RT 3"\ RT L
K, »100 molecular a3 20
- 2,
3L RT
K\=l/d Mean free path length / capillary diameter R Universal gas constant
m Mass flow (Leak rate in gaskets) T Absolute temperature
4 Adzumi constant M Molar mass
n Dynamic viscosity n Number of capillaries
Pi Do External — , internal pressure r Radius of capillaries
P Mean pressure L Length of capillaries
Ap Pressure difference

As stated in [1] it is generally assumed that for Helium leakage rates below or equal to 107 Pa-m®/s
molecular flow takes place. The conditions for visco-laminar flow are given if the leakage rate is above 10°
Pa-m®/s. As seen through the formulae above, the dependence of the leakage rate on pressure, temperature
and type of fluid will be different for both flow types.

1.2.2.2 Dusty gas model

Another flow model is the dusty gas model [10] which according to [11] is better justified experimentally than
the capillary model. In the dusty gas model the porous medium is represented by firmly anchored hard
spheres (dust) which are distributed throughout the space. The interaction with these obstacles causes the
gas transport resistance. The dusty gas model - originally derived for pure diffusion - can be extended to a
viscous flow component at high pressure gradients or differences. [11] gives information on the application of
this model for fibre based gaskets.
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.2.3 Case of liquids: Parallel capillary model

As defined in [24], for liquid, the flow is considered laminar (not turbulent) through the capillary due to its
diameter size. Thus, the liquid leakage rate will follow the Poiseuille’s law.

(pi_po) (I 1)

4

L=nxpx£x
8 nxL

(using the parameter definitions of 1.2.2.1 and with p: density [g.m’s]

.3 Factors of influence on the leakage rate of gaskets and gasketed joints

1.3.1 List of identified factors

According to both models described above (“parallel capillary model” and “dusty gas model”’) the important
quantities influencing the leakage rate are:

— the absolute pressure and the pressure difference;
— the temperature;

— the molar mass and viscosity of the gas;

— the gasket geometry (width, thickness);

— the microstructure of the gasket (geometry, number of capillaries, specific permeability, structural
constant).

I.3.2 Limits and restriction of the proposed models

Although self-evident it has to be emphasised that the effect of the gasket stress in the bolted flange
connection - probably the critical parameter - is not included directly in either model.

In view of the approximate description of actual gaskets and gasketed joints given by the above models, it
cannot be expected that the derived mathematical relationships will allow quantitative statements concerning
leakage rate to be made. Under specified conditions however qualitative statements on the effect of the
aforementioned factors of influence on the leakage of gaskets can be produced.

A prerequisite for the validity of all mathematical relationships is of course, that no interaction (e.g. oxidation,
swelling) between the medium being contained and the gasket occurs and furthermore that no change in the
gasket material over time, caused in particular by higher temperatures, takes place (e.g. hardening of rubber-
binded fibre gaskets). In such cases there is no correlation between the initial condition and the various stages
of ageing.

Before discussing the individual dependencies it shall be stressed at the outset that even a merely
approximately realistic theoretical understanding of the gasket structure is not possible with either model and
will therefore not be pursued further. Along with this also stands the fact already mentioned in the relationship,
that the effect of gasket stress in the form of a change of the gasket structure has not been included. With
regard to this, experimental investigations are an indispensable requirement.
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1.3.3 Dependence on pressure
1.3.3.1  General

NOTE This subclause is based on [6].

According to Table I.1, for a given leak, whose geometrical dimensions are not varied by the pressure applied,
the following relations have to be used in order to determine the effect of pressure variations on the leakage
flow.

1.3.3.2 Definition

PLOW,(ref) and PLOW, (act) [Pa] different low pressures for “reference” and “actual”
conditions

PHIGHref) @nd PHIGH (act) [Pa] different high pressures for ‘“reference” and “actual’
' ' conditions

Lp (refy @nd Lp aq) [mg/s] leakage rates related to the pressure differences for

“reference” and “actual” conditions

1.3.3.3 Molecular flow

M(act) (1.2)
Ap(ref)

Lp (act) = Lp (ref)

with pressure differences

AP(act) = PHIGH (act) ~PLOW,(act) ity PHIGH,(act) 2 PLOW, (act)
Ap(ref):PHIGH,(ref) — PLOW, (ref) with PHIGH,(ref) 2pLOW,(ref)
1.3.3.4  Visco-laminar flow

A(act) Ract) (1. 3)

Lp (act) = Lp (ref "
(act) (ref) Ap(refy ~ Fref)

with pressure mean values

_ +
P(ref) _ (PHIGH,(ref) > PLOW,(ref)) (1. 4)
_ +
P = (PHIGH,(act) : PLOW, (act)) (. 5)

1.3.3.5 Practical use
Because the flow regime is rarely clearly identified (especially if the medium is not Helium), a practical

conservative approach is proposed here to convert the leakage rate values depending on the pressure value
based on VDI 2200: 2007 [12].
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If Ap(acty > Ap(ref) , then Lp acty=Lp 2ct)
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reh Ap(ref) ~ Href)

If Ap(act) < Ap(ref) , then LP,(aCt) :LP‘(ref)

1.3.4 Dependence on temperature
1.3.41 General

NOTE This subclause is based on [1].

Ap(act) ¥
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(. 6)

(I.7)

For a given leak, whose geometrical dimensions are not varied by temperature changes, the following
relations have to be used in order to determine the effect of temperature variations on the leakage flow.

1.3.4.2 Definition

Lt (ref) and Lt (act) [mg/s] leakage rates related to Ty and Ti,e for “reference” and
“actual” conditions

Tref) and Tiae) K] different absolute temperatures for “reference” and “actual”
conditions

nT (ref) @nd 7T (act) [Pa-s] dynamic viscosities related to T and T for “reference”

and “actual” conditions

1.3.4.3 Molecular flow

Lt (act) = L (ref)

1.3.4.4 Visco-laminar flow

7 (ref)
717 (act)

Lt (act) = L7 (ref)

1.3.4.5 Practical use

(. 8)

(I. 9)

Because the differentiation between the type of flow is most of the time a problem, (especially if the medium is
not Helium), a practical conservative approach is proposed here to convert the leakage rate values depending

on the temperature.

Tiref) . 71T (ref)

Lt (act)y =Lt (ref) * MAX
T(act) 17 (act)

(1. 10)
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1.3.5 Dependence on the type of fluid

1.3.5.1  General

NOTE  This subclause is based on [1].

For a given leak the relation of the leakage rate of two different gaseous fluids is determined by the following.
It shall be noted that, these formulae do not take into account the change in the dimension of a leak path

either the modifications in the gasket material due the interaction with the internal medium.

1.3.5.2 Definition

Litedia,(refy @nd Lyedia(acty  [MY/s] leakage rates related to “reference” and “actual” gaseous
medium

Myegage) @Nd M iedia,(act) [kg/Mol] Mol masses of “reference” and “actual” gaseous medium

NMedia,(ref) @Nd TMedia,(act)  [Pas] Dynamic viscosities of “reference” and “actual” gaseous
medium

1.3.5.3 Molecular flow

Myedia,(act) (1. 11)

LMedia,(act) :LMedia,(ref) : Mytogia (ref)

1.3.5.4 Visco-laminar flow

TIMedia,(ref) (1.12)

Litedia,(act) = LMedia,(ref) - MMedia,(act)
edia,(act

1.3.5.5 Practical use
Because the differentiation between the type of flow is most of the time a problem, (especially if the medium is

not Helium), a practical conservative approach is proposed here to convert the leakage rate values depending
on the gaseous medium.

TIVedia,(ref) . MMedia,(act)} (1.13)

Fteciaech = e e MAX{UMedia (act) ’ Mpjedia,(ref)

1.3.6 Influence of the gasket thickness
NOTE This subclause is based on [15].

A comparison of the leakage rates from gaskets of the same type but of different thicknesses is generally of
litle use. Differences in manufacture lead to different microstructures which do not allow unambiguous
dependence of the leakage rate on gasket thickness to be expected. In addition a shift in the ratios of the
contributions of boundary leakage along the interface and through the body of the gasket occurs. Furthermore
the consolidation under compression and with it the change in microstructure, is thickness dependent.

As is to be expected experimental results with thicker gaskets for the most part show higher leakage rates

under otherwise identical conditions. Occasionally an inversion of the relationship for the same gasket type
has also been reported e.g. for CAF material [8], [11].
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In view of this there appears to be no reliable correlation between leakage rate and gasket thickness and a
reliable transfer of leakage rates to other gasket thicknesses seems to be ruled out.

1.3.7 Influence of gasket width
NOTE This subclause is based on [15].

A pre-requirement for an inversely proportional relationship between leakage rate and gasket width for uniform
homogenous compressive stress is a sufficiently wide gasket, in comparison with the leakage channel length.

For fibre based gaskets the characteristic leakage channel length (in the model the capillary length) can be
treated as equivalent to the fibre length. Therefore the width of the gasket shall clearly be greater than the
fibre length. If the width of the gasket is reduced beyond this then a disproportionately high increase of the
leakage is to be seen as was shown in [8] for CAF material.

A deviation from the inverse proportional relationship can also occur with thick gaskets. In this case because
of the smaller supporting effect the same compressive stress leads to a higher mean deformation of narrow
gaskets.

In view of this, there appears to be no reliable correlation between leakage rate and gasket width directly
usable for all the gasket types.

1.3.8 Influence of gasket stress
NOTE This subclause is based on [15].
An inverse exponential relationship between leakage rate and pressure on the gasket face both for loading

and unloading after pre-deformation in CAF materials was first demonstrated by Bierl [8] and subsequently
confirmed approximately for CAF in [13] and also for other types of gaskets in [14].

But, due to the huge variety of gasket types, this relation cannot be generalised for all the gasket types. The
Influence of the gasket stress is taken into account by the Lab-test performed according to . The
tabulated results in , coming from the test performed according to are giving the leakage
rate values depending on the actual gasket stress as on the gasket stress at assembly.

The determination of the expected leakage rate depending on the gasket stress has to be performed using
either:

— the leakage diagram obtained from EN 13555;

— interpolation between data points in EN_1591-2 or other database (guidelines on the way to perform the
interpolation are planned to be given in another document);

— amodelling of the leakage vs. gasket stress diagram obtained for that particular gasket type (if possible).
In view of this, there appears to be no general modelling for correlation between leakage rate and gasket
stress currently available and directly usable for all the gasket types. The best that can be done is the creation
of a specific model (including specific parameter values) for each specific gasket type or reference.

1.3.9 Influence of other factors

As stated in [1], other factors as the direction of flow (internal pressure higher or lower than the external
pressure) or the presence of humidity, oil, grease and other contamination can have an impact on the effective

leakage rate. But, these factors will not be taken into account in the further conversion calculations due to their
difficulty to be modelled.

69


http://dx.doi.org/10.3403/03173156U
http://dx.doi.org/10.3403/30146546U
http://dx.doi.org/10.3403/03173156U
http://dx.doi.org/10.3403/03173156U
http://dx.doi.org/10.3403/30146546U

BS EN 1591-1:2013
EN 1591-1:2013 (E)

1.3.10 Conclusion on the factors of influence

As seen above, a prerequisite for the validity of all mathematical relationships developed above is of course,
that no interaction (e.g. oxidation, swelling,...) between the medium being contained and the gasket occurs
and furthermore that no change in the gasket material over time, caused in particular by higher temperatures
or pressures, takes place. In such cases, there is no correlation between the initial condition and the various
stages of ageing.

Due to the variety in the gasket types (material, structure, ...), the leak paths numbers, locations and shape
and the number of parameters involve in the effective leakage rate, only rough qualitative statements on the
effect of the aforementioned factors of influence on the leakage of gaskets can be produced. From the
relationships derived on the basis of the dusty gas and capillary models developed here, it cannot be
expected that the derived mathematical relationships will allow quantitative statements concerning leakage
rate to be made. Moreover, several experiments performed in Lab had shown the limits of the direct
application of this formula for pressure and medium dependence for example. With regard to this experimental
investigations are an indispensable requirement to get the effective leakage rate in real conditions.

However, this sub-clause gives a list of the typical factors influencing the leakage rate values. When possible,
formulae are given to evaluate “roughly” the evolution of the leakage rate depending on the variation of the
considered parameter. Because only “rough” estimation could be extracted from the proposed conversion
models, the influence factors introduced above are neglected when there is no associated straightforward and
“universal” (for all the gasket types) model is available. There is no point to introduce a too high complexity in
these conversion calculations knowing that the results will only give a “rough” estimation on the converted
leakage rate value.

1.4 Practical application for calculations
.41 General

The conversion principles and formulae described above can be used to convert the leakage rate values from
a first set of conditions to another set of conditions. Considering the calculation of bolted flange connection,
the conversion can be used to estimate “on site” (called “actual” condition) expected leakage rates from ‘in
Lab” (called “reference” condition) measured leakage rate during test according to (see Table 1.2).

This enables to get a “rough” trend for the “on site” expected leakage rate for the considered bolted flange
connection and/or the considered group of bolted flange connections. The conversion rules can also be used
in the opposite way i.e. to determine the “reference” leakage rate that shall be used given the “on site’ leakage
criteria (see Table 1.3).

It shall be reemphasised here that the conversion tables presented here are based on the formulae developed

above, and therefore have the same limits and level of imprecision. They are not valid for the estimation of
“on-site” leakage rates.
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.4.2 Determination of a trend for the leakage rate for the flange connection in “actual” from “reference” conditions

Table 1.2 — Determination of a trend for the leakage rate for the flange connection in “actual” from “reference” conditions

“actual” leakage rate.

. Mg
Ky = MAX[ TMedium, (ref) . Medium, (act) }

Medium,(act) \ MMedium, (ref)

Step Coefficient definition result unit
Determination of the “reference” leakage rate from E I ‘ ma/s/m
test results for each situation [dG, P, T, medium(ref) 9
d
@ Correction for real flange connection dimension Kp = W L [dG](act)[P, T medium](ref) mg/s
©
S
% —
g Ap(act) * P(act)
§ Correction for fluid pressure (only the pressure effect in If Ap(act) > Ap(ref) » then Kp= P
- the leak path is taken into account, the effect of pressure Pref) ~ Href) s _ s
= on the flange connection mechanical behaviour is not Ap [dG, P)(act) [T, medium](ref) 9
3 taken into account here) If Ap(act) < AP(rer) » then Kp= “Pact)
] A
Ky P(ref)
e
s Correction for temperature (only the temperature effect
] on the fluid is taken into account, the temperature effect I ' ma/s
§ on the gasket material behaviour is not taken into [dG, P.T](act) [medium](ref) 9
Q@ account)
L
£ | —
ue- Ky = MAX[ﬂMedlum,(ref) : Medium, (ref) ]
Correction for the medium and determination of the "Medium,(act) | TMedium,(act) I mg/s
[dG, P, T, medium](act)

L g6, P.T, mediumj(act) = Ko Kp*"K7*Km*Lige, P, T, mediumi(ref)
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.4.3 Determination of a trend for the leakage rate for the flange connection in “reference” from “actual” conditions

Table 1.3 — Determination of a trend for the leakage rate for the flange connection in “reference” from “actual” conditions

1000

Step Coefficient definition result unit
Leakage rate criteria for real conditions Liga, p,T, mediumi(act) mg/s
Correction for the medium and determination of the . "Medium, (act) . | MMedium,(ref
2 “actual” leakage rate K'y = MAx| —edum.@ct), edium,(rel) Lige, p,1iact) [mediumi(ref) mg/s
s : MMedium,(ref) | M Medium, (act)
8’
©
®
3 Correction for temperature (only the temperature effect
N on the fluid is taken into account, the temperature effect . Medium,(act) . | IMedium, (act) )
Q on the gasket material behaviour is not taken into Ky = MAX : N T L196, Ptaon) 7. megiumien mo/s
c TIMedium, (ref) Medium,(ref)
o account)
Q
2
:9 * D
- , , _ . Aery " Rref)
= Correction for fluid pressure (only the pressure effect in If Apacty < Ap(ref) » then K'p = TN
‘3 the leak path is taken into account, the effect of pressure Plact)  f(act) I _ mals
o on the flange connection mechanical behaviour is not A(ref) [dGl(act).[P, T, mediumi(ref) 9
£ taken into account here) If Ap(act) > Ap(ref) » then K'p = .
o P(act)
S
19
. . . . dGmean (act)
Correction for real flange connection dimension W= —— Lige, P, T, mediumj(ref) mg/s/m

L (4G, p,T, mediumref) = K'm™ K'7°K'p * K'p * Ligg, P, T, mediumi(act)
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with:

— Kp, Kp, K7 and Ky = correction coefficient for bolted flange dimension, internal pressure, temperature and
medium change for conversion from “reference” to “actual” conditions;

— Kb, K'p, K't and K’y = correction coefficient for bolted flange dimension, internal pressure, temperature
and medium change for conditions from “actual” to “reference” conditions;

— L[x, Y](act),[z,W](ref) = Leakage rate with X and Y parameters corresponding to “actual” conditions and
with Z and W parameters corresponding to “reference” conditions [mg/s or mg/s/mj;

— dGmean (act): Mean diameter of the gasket on the considered bolted flange connection = (internal gasket
diameter + external gasket diameter)/2 [mm].
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Annex ZA
(informative)

Relationship between this European Standard and the Essential
Requirements of EU Directive 97/23/EC

This European Standard has been prepared under a mandate given to CEN by the European Commission to
provide a means of conforming to Essential Requirements of the New Approach Directive 97/23/EC of the
European Parliament and of the Council of 29 May 1997 on the approximation of the laws of the Member
States concerning pressure equipment.

Once this standard is cited in the Official Journal of the European Union under that Directive and has been
implemented as a national standard in at least one Member State, compliance with the clauses of this
standard given in Table ZA.1 confers, within the limits of the scope of this standard, a presumption of
conformity with the corresponding Essential Requirements of that Directive and associated EFTA regulations.

Table ZA.1 — Correspondence between this European Standard and Directive 97/23/EC on Pressure

Equipment
Clause(s)/ Essential Requirements (ERs) of Qualifying remarks/Notes
subclause(s Directive 97/23/EC on Pressure
of this ﬁ Equipment
Annex |
2 Design:
2.1 To be designed to ensure safety
throughout intended life
- to incorporate appropriate safety
coefficients.
2.2 To be designed for adequate strength
2.21 To be designed for loadings
appropriate to its intended use.
2.2.2 To be designed for appropriate
56,7 strength based on a calculation
method.
2.2.3 (a) Requirements to be met by applying
one of the following methods
- design by formula.
2.2.3 (b) Design calculations to establish the
resistance of equipment, in particular
-account to be taken of combinations
of temperature & pressure;
-maximum stresses & peak stresses
to be within limits.

WARNING — Other requirements and other EU Directives may be applicable to the product(s) falling within
the scope of this standard.
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