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Foreword

This document (CEN/TR 1591-5:2012) has been prepared by Technical Committee CEN/TC 74 “Flanges and their
joints”, the secretariat of which is held by DIN.

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.

EN 1591 "Flanges and their joints — Design rules for gasketed circular flange connections" consists of the following
parts:

— Part 1: Calculation method;
— Part 2: Gasket parameters;
— Part 3: Calculation method for metal to metal contact type flanged joint (CEN/TS);

— Part 4: Qualification of personnel competency in the assembly of bolted joints fitted to equipment subject to the
Pressure Equipment Directive;

— Part 5: Calculation method for full face gasketed joints (CEN/TR).

1 Scope

This Technical Report gives guidance for the calculation of full face gasketed joints on the basis of the calculation
method given in EN 1591-1

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.

EN 1591-1:2001+A1:2009, Flanges and their joints — Design rules for gasketed circular flange connections — Part 1:
Calculation method

3 Symbols and abbreviated terms

Age effective gasket area (= 1 * dge * bge), [mm?], see Equation (26)
bce effective gasket width, (mm), see Figure 2
bgi interim value of effective gasket width, [mm]

bGseal effective sealing gasket width, [mm], Figure 9
bea compressed gasket width, [mm], Figure 2

drq gasket force acting diameter for zone A, Equations (12), (14)
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gasket force acting diameter for zone B, Equations (7), (10)

resultant gasket force acting diameter on outside area of the real gasket, [mm], Equation (16)
resultant gasket force acting diameter on outside area of the equivalent gasket, [mm], Equation (19)
inside diameter of gasket theoretical contact area, [mm], Figure 1

outside diameter of gasket theoretical contact area, [mm], Figure 1

outside diameter of bolt holes part for the equivalent gasket, [mm], Figure 1

outside diameter of equivalent gasket, [mm], Figure 1

interim value of effective gasket diameter, [mm], Equation (25)

effective gasket diameter, [mm], Figure 2

real bolt circle diameter, [mm], Figure 1

effective bolt circle diameter, [mm]

outside diameter of flange, [mm]

diameter of bolt hole, [mm], Figure 1

minimum gasket force, [N], Equations (28), (29), (30), (31)

force on the real gasket, [N]

force on the equivalent gasket, [N]

gasket force on the bolt holes zone A, [N], Equation (5), Figure 7

gasket force on zone B, [N], Equations (5), (6), Figure 7

gasket force on zone C, [N], Equations (5), (10), Figure 7

axial fluid pressure force, [N], Equations (29), (31)

force resulting from external additional axial force and moment, [N], Equations (29), (31)

ratio of effective to sealing average gasket stress, Equation (27), (30), (31)

number of bolts, Equation (11), (21), (23)

internal pressure, [MPa]

gasket stress evolution versus gasket radius, [MPa], Equation (2)

minimum necessary compressive stress in gasket for assembly condition, [MPa], Equation (28), (30)
average stress on effective gasket area, [MPa], Equation (27)

mean effective required gasket compressive stress at load condition 7, [MPa], Equations (29), (31)

yield stress characteristic of the gasket materials and construction, [MPa], Equation (22), (26)
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Oseal average stress on sealing gasket area, [MPa], Equation (27)

X radial position defined by QO(x = 0) = 0, [mm], Figures 4, 5, 6
Xmax elastic behaviour gasket width, [mm], Figure 10
Subscripts

0 Initial bolt-up condition (assembly)

1 Subsequent operating condition /
Superscripts

el elastic behaviour of the gasket is considered

pl plastic behaviour of the gasket is considered

4 Introduction

EN 1591-1:2001+A1:2009 and CEN/TS 1591-3 only deal with the Inside Bolt Circle (IBC) gaskets. For a Full Face
(FF) gasket, the gasket reaction force application diameter is closer to the bolt circle diameter due to the gasket
reaction on the outside part of the gasket.

The aim of this proposal is to give a method (based on EN_1591-1) enabling to include the full face gaskets within the
scope of series EN 1591.

The method described in this document involves the following steps:

a) Geometrical definition of a homogeneous gasket (without any hole) equivalent in terms of reaction force to the
real Full Face gasket with holes:

1) Partitioning of the gasket into 3 parts (internal part, bolt holes part and external part);

2) determination of the outside diameter of an homogeneous gasket part equivalent (for gasket force) to the bolt
hole part, having the same inside diameter, considering full elastic behaviour of the gasket (dgs° )

3) determination of the outside diameter of a homogeneous gasket part equivalent (for gasket force) to the
external part, having an inside diameter of (dgs° ) considering full elastic behaviour of the gasket (dgs° ),

4) determination of the outside diameter of a homogeneous gasket equivalent (for gasket force) to the real
gasket, having the same inside diameter, considering full plastic behaviour of the gasket (dgs” );

5) determination of the outside diameter of the equivalent gasket (dg4) as the maximum value of des® and (de4p')
in order to maximize the gasket surface and the subsequent required bolt load.
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Figure 1 — "FULL FACE" gasket areas division and definition of the equivalent gasket

b) Determination of the effective dimensions of the homogeneous equivalent gasket using the equations of

EN 1501-1.

c) Modification of the tightness criteria verification, in order to take into account that only a part of the effective
gasket width participates to the sealing (part inside the bolt hole circle).

5 Definition of an equivalent gasket

5.1 Gasket parts identification
The gasket can be divided into three parts as shown in Figure 1:
a) The Internal part (or sealing part) is the gasket part inside the bolt holes diameter. This part of the gasket is the

part already treated in EN 1591-1 and is the part associated to the sealing behaviour of the bolted flange
connection;

b) The Bolt holes part is the part of the gasket containing the holes enabling the bolt going through the gasket. The
width of this part is equal to the bolt holes diameter;

c) The External part is the part outside the bolt holes diameter (ds).
5.2 Gasket elastic deformation

5.2.1 General
For the compressed gasket width see Figure 2.
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Figure 2 — Compressed gasket width

5.2.2 Gasket modelling at unloading

The gasket elasticity modulus at unloading (Eg) depends on the initial gasket stress (Q = Fgo/Age), S€€ Figure 3. The
test performed according to EN 13555 give tabulated values for Eg depending on the initial gasket stress Fgo/Age-
Thus the variation of Eg versus O can be modelled by a linear relation for each interval [Q,, O, + 1].

Eg A

>

Q

Q1 Q2 Qy

Figure 3 — Variation of Eg versus initial gasket stress Q

ForQ,<0=<0,,
Eg(Q)=A4,-Q+B, =dQ/de
A, =(Eg,0—E;,)[(Q,.—0,) (1)

B,=E,~|(Es,.—Eg,)])(©Q0n —0)]-0,

In the case of elastic deformation, considering the flange rotation (see Figure 4), leads to the following expression of O
versus radial distance x, using the same equations as in the CR 13642, with coefficients 4, and B, for each initial
gasket stress interval [Q,, Oy + 1]

Forx, <x<x,, withx=0

Q(x):k'(x_xn)'Bn'|:1+%'An'k'(x_xn):|+ Zk'(xm+1_xm)'Bm'|:1+E'Am'k'(xm+1_xm):| (2)
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