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European foreword

This document (EN 13445-3:2014/A6:2019) has been prepared by Technical Committee CEN/TC 54
“Unfired pressure vessels”, the secretariat of which is held by BSI.

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 September 2019, and conflicting national standards
shall be withdrawn at the latest by September 2019.

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

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
EN 13445-3:2014.

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, leeland; Irelandj»ltaly, Latvia,i Lithuania, Luxembourg, Malta,
Netherlands, Norway, Poland, Portugal, Romania, Serbia, Slovakia, Slovenia, Spain, Sweden, Switzerland,
Turkey and the United Kingdom.
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1 Modification to Clause 2, Normative references

Add the following new reference at the appropriate place:

“EN 13555:2014, Flanges and their joints — Gasket parameters and test procedures relevant to the design
rules for gasketed circular flange connections”.

2 Modification to G.1, Purpose

Replace the content of this clause with the following text:

“This annex provides a calculation method for bolted, gasketed circular flange joints. It is applicable to
flanges and bolted domed ends, and is an alternative to the methods in Clauses 11 and 12. Its purpose is
to ensure structural integrity and leak tightness for an assembly comprising two flanges, bolts and a
gasket. Flange loadings are shown in Figure G.3-1. Different types of bolts and gaskets are shown in
Figures G.3-2 to G.3-3.

Use of this alternative method is particularly recommended in case a more accurate calculation is
imposed by one of the following circumstances:

a) need of assuring leak tightness in presence of dangerous fluids;

b) multiple design or testing conditions;

c) presence of additional external loads;

d) presence of temperature differences among the different components of the bolted joint;
e) need to avoid overstress of the bolts and/or the gasket.

Using this alternative calculation' ‘method'“a ccontrolled" bolting-up-method ' (see Table G.8-2) is
recommended and should be documentedby the Manufacturer in‘the User’s manual.

This annex is based on EN 1591-1:2001, Flanges and their joints — Design rules for gasketed circular
flange connections — Part 1: Calculation method. The new edition of this standard, EN 1591-1:2013,
provides a calculation of a bolted joint considering specified leak rates through the gasket: such
calculation is however only possible if the gasket manufacturer is able to supply sufficient gasket
parameters, or if such parameters are the result of specific testing, carried out in accordance with
EN 13555:2014. Therefore, when specified leak rates are a design requirement and when sufficient
gasket data are available, EN 1591-1:2013 shall be used as an alternative either to this Annex or to
Clauses 11 and 12. The use of EN 1591-1:2013 is not applicable in the case of a bolted joint between a
flange and the flanged extension of a heat exchanger tubesheet (see Figures ].12 and ].13) and in the
case where a tubesheet is clamped between two flanges (see Figure ].11).”.

3 Deletion of Annex GA (informative), Alternative design rules for flanges and
gasketed flange connections

Delete the whole informative Annex GA.

4 Modification to Annex J (normative), Alternative method for the design of heat
exchanger tubesheets

Replace the whole annex with the following one:

«



EN 13445-3:2014/A6:2019 (E)

AnnexJ
(normative)

Alternative method for the design of heat exchanger tubesheets

J.1 Purpose

This annex specifies alternative rules to those in Clause 13 for the design of shell and tube heat

exchanger tubesheets. They apply to heat exchangers of the following types:

— U-tube type, see Figure ].1; also to exchangers with capped tubes and one tubesheet only and
exchangers with curved tubes and a number of separate tubesheets;

— immersed floating head; see Figures ].2 a) and ].2 b);

— externally sealed floating head; see Figure ].3;

— internally sealed floating head; see Figure ].4;

— fixed tubesheet with expansion bellows; see Figure ].5;

— fixed tubesheet without'expansion bellows; see Figure }.6.
J.2 Specific definitions

The following terms and definitionsare in-addition to those in Clause 3.

J.21
outer tube limit
circle which encloses all the tubes

J.2.2
load ratio
calculated load or moment applied to a component divided by the allowable load or moment

J.3 Specific symbols and abbreviations

].3.1 General

The following symbols and abbreviations are in addition to those in Clause 4.

Figures ].1 to ].6 illustrate the six main types of shell and tube heat exchanger. Figures ].7 to ].13 cover
specific details. All Figures illustrate general characteristics. They are not intended to cover all of the
possible combinations for which the method is valid.

In Figures].1 to ].6 the outer part of the stationary tubesheet may be either bolted or welded to the
adjoining shell(s). The details of this outer tubesheet portion with the relevant flanges (if any) have
been sketched with a dark colour, since they are not needed for the determination of the main axial
forces (calculation parameter PR). For simplification all the ends have been shown as flat (although
they are generally dished).

Baffles and support plates have not been included in the figures.

Other types not shown in Figures J.1 to J.6 include:
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— Figure J.1: Capped straight tubes; general curved tubes with two or more tubesheets;
— Figure ].2: Floating head completely welded;

— Figure ].3: Other types of sealing (e.g. O-ring instead of packed gland);

— Figure ].4: Other types of sealing (e.g. packed gland);

— Figure ].5: Other types of expansion bellows;

— Figure ].6: Tubesheets which are very thin.
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Figure ]J.1 — U-tube exchanger
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a) Floating tubesheet exchanger with an immersed floating head (floating tubesheet clamped
between two flanges)
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b) Floating tubesheet exchanger with.an.immersed floating head (floating tubesheet with

Figure ].2 — Floating tubesheet exchanger with an immersed floating head
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Figure ].3 — Floating tubesheet exchanger with an externally sealed floating head
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Figure ].5 — Fixed tubesheet exchanger with an expansion bellows
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Figure ].6 — Fixed tubesheet exchanger without an expansion bellows

J.3.2 Subscripts

NOTE

specify properties, types of loadings or types of reactions.

A for

B for Bolts or Baffle;

C for Channel;

D for Difference between two values;

Large Latin letters refer to components or areas of components or describe values. Small Latin letters

Outer zone of the perforated tubesheet area {C: German: “Aufienbereich”};
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Effective values;

Flange;

Gasket;

Inner zone of the perforated tubesheet area {C: German: “Innenbereich”};
Expansion bellows {C: Clause 13};

Compensation {C: German: “Kompensation”};

Moment related values;

Plate (tubesheet); or
Pressure related values;

Load related values {C: Similar to “P” and “R"};

Resultant load; or
Tube bundle {C: German: “Rohrbiindel”}, perforated tubesheet area ; or
any value between “Q” and “S”;

Shell;
Tubes or tube side (channel side);
Unperforated tubesheet area;

Weight; or
Weld;

Tube-to-tubesheet connection;
average value;

bending;

compressive (stress or force);

external (pressure); or
effective;

internal (pressure);
longitudinal;
minimum value;
maximum value;
optimum value;
reduced value;

tensile (stress or force); or
total

].3.3 Symbols

NOTE

Ar

AR(min]

Units are given in square brackets; [1] indicates a “dimensionless” quantity.

is the cross-sectional area of the perforated tubesheet area, [mm?];

is the minimum area of the perforated tubesheet area, [mm?], see ].5.1.1.3.2;
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ar

Bo
Bri, Bra, Brs
Bs1, Bsz, Bs3
br

br

bs

by

Co, Ca, Cc, Can, Cac, Cec
Gy, C;

Dy

dc, ds

dO, dO,e
dr
di

d 1(av)

dl(max)
dl(min)

d,
ds, d3c

dGC; dGS

dx

dr
Ep, Et
Ec, Es
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is the cross-sectional area of the connection between tube and tubesheet,
[mm?2];

is the effective throat thickness of the tube end weld [mm], specified as
follows:

arp at the plate (tubesheet); arr at the tube; arr between plate and tube;
is the resulting factor for the tube bundle, shell and channel [1];

are factors for the tube bundle [1];

are factors for shell and channel [1];

is the actual width of the tubesheet flanged extension [mm], see Figures .10
to].13;

is the average width of the untubed rim subject to pressure on both sides
[mm], see ].5.1;

is the actual width of the untubed rim [mm] subject to pressure on one side
only, may be positive or negative; see J.5.1;

is the maximum width of the untubed rim [mm], obtained from the tubesheet
layout;

see Figures ].7, and ].9.3;

are coefficients,[1] to determine the buckling length, see ].7.1.3;
are factors used in the fatigue analysis [1], see Figure ]J.15;

is the inside diameter of the expansion bellows [mm]; see 13.5;

are the inside diameters, of the channel cylinder (C), of the shell cylinder (S),
[mm];

is the tubehole diameter [mm], dy'is the actual value, do. is the effective value;
is the diameter where the tubesheet thickness changes from ep to ef;

is the diameter of the perforated tubesheet area to be used in the calculation
[mm], see ].5.1;

is the average of d1(min) and d1(max)’ [mm], see ].5.1.1.4;

is the maximum value of dy, [mm], see ].5.1.1.2;

is the minimum value of d,, [mm], see ].5.1.1.3;

is the actual diameter [mm] over which Ps and Pr act;

is the bolt pitch circle diameter [mm]; d3 for the actual value, ds. for the
effective value;

are the effective gasket diameters [mm] for channel side (C), shell side (S);

is the diameter over which the axial forces act [mm]; for floating heads this is
the diameter of the sliding face at a packed gland or an O-ring seal; for
expansion bellows this is the mean inside diameter of the bellows: dx = D; + h;;

is the tube outside diameter [mm];
are the elastic moduli of the tubesheet (P = plate), of the tubes (T), [MPa];
are the elastic moduli of the channel (C), of the shell (S), [MPa];
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is the effective elastic modulus of the tubesheet [MPa], see Figures 13.7.8-1
and/or 13.7.8-2;

is the analysis thickness of the channel cylinder adjacent to the tubesheet
[mm];

is the average thickness of the tubesheet flanged extension [mml],
see Figures ].10 to ].13;

is the analysis thickness of the tubesheet (plate) [mm] in the perforated
tubesheet area and the untubed rim;

is a possibly reduced thickness of the tubesheet (plate) at its outer periphery
[mm]; eprea < ep;

is the analysis thickness of the shell cylinder adjacent to the tubesheet [mm];

is the average thickness of the shell cylinder, taken over the overall length Lr
[mm];

is the tube thickness [mm];

is the analysis thickness of the tubesheet in the unperforated tubesheet area
[mm]; normally ey = ep ;

is the total force applied by the bolts (total force for one flange connection)
[N], see Annex G;

RPending the\elaboration, of'a specific method/to calculate the bolt load in the
connection between a flange and a tubesheet bolted to it (see Figures ].12 and
J.13), the value'of'FB-may be ‘calculated considering the tubesheet as a flat
closure with the same thickness. For tubesheets clamped between two flanges
(see Figure.11) the‘flange «€alculation may be done with a modified effective
gasket taking intosacecount the tubesheet. See J:4:3.1 for further details;

are the total gasket reaction forces [N], channel side (C), shell side (S);

are the allowable total axial forces in the shell [N], [Fi] for tension, [F.] for
compression, see ].7.5;

is the total axial force acting on tube bundle and shell [N], see ].7.5;
is the total weight acting as a force on a tubesheet [N], see ].9.4;

is the nominal design stress for the channel cylinder adjacent to the tubesheet
[MPa];

is the nominal design stress for the tubesheet (plate) flanged extension [MPa];
normally fr = fp;

is the nominal design stress for the tubesheet (plate) [MPa];

is the nominal design stress for the shell cylinder adjacent to the tubesheet
[MPa];

is the nominal design stress for the tubes [MPa];
is the allowable longitudinal stress for the tubes in tension [MPa]; see ].7.3;
is the allowable longitudinal stress for tubes in compression [MPa]; see ].7.3;

is the calculated design stress for the tube-to-tubesheet connection [MPa];
see ].7.3;

fxe and fxw are special values of fx ;

11
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are factors used in the fatigue analysis [1], see Figure ]J.15;

is the inside height of the expansion bellows [mm]; see 13.5;

is an integer to identify any trapezoidal area (tubed or untubed);
is an integer to identify an untubed (pass partition) zone;

are effective stress-strain concentration factors [1] used in the fatigue
analysis, see ].10;

are loading parameters [1], used in the calculation of a load ratio, see ].9.1;

is the actual total length of the tubes [mm]; in Figure ].9 shown between outer
faces of tubesheets;

is the unsupported length of the tubes [mm] between the first tubesheet and
the first supporting baffle, see Figure ].9;

is the maximum value of the unsupported lengths of tubes [mm] between two
adjacent supporting baffles, see Figure ].9.

is the unsupported length of tubes [mm] between the last supporting baffle
and the second tubesheet, see Figure J.9;

is a characteristic length of the tube bundle [mm], used for the fatigue
analysis, see ].10.3;

is the buekling length'ef tubes|[mm], se€ ).7.1;

is the contact length between tube and tubesheet [mm], see ].5.2.1;
is the resultant bending moment [Nmm/mm] at the diameter d;
is the resultant bending moment'[Nmmy/mm] at the diameter dy;

is the active:bolt-load;.bending; moment [Nmm/mm] at the diameter d,
see ].8.2;

is the active fluid pressure bending moment [Nmm/mm] at the diameter d,
see ].8.3;

is the reactive bending moment [Nmm/mm] from connected components,
see ].8.4;

is the reactive bending moment [Nmm/mm] limitation at the diameter d,
see] 8.5;

is the number of baffles [1]; Ng; is the actual number, Nz, is the effective
number;

is the number of load cycles [1];
is the number of possible tubes, [1]; see ].5.1;

is the total minimum number of potential extra tubes for the whole perforated
tubesheet area, [1], see ].5.1.1.3.2;

is the number of potential extra tubes in a given untubed trapezoidal area, [1],
see ].5.1.1.3.2;

is the number of potential extra tubes in a given row, [1], see ].5.1.1.3.2;
is the number of tubeholes [1];

is the number of bolts [1] in a flanged connection;
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are the resultants of active and reactive axial forces per unit area in the tube
bundle in the perforated tubesheet area [N/mm?2 = MPa]; Pa in the outer zone,
Pi in the inner zone; see ].7.6;

is the direct difference between tube side and shell side fluid pressure [MPa],
see].6.2,].7.2;

is the effective differential pressure in the perforated tubesheet area [MPa],
see ].7.2;

is an equivalent pressure [MPa], representing the resultant bending moment
M; (resultant of active and reactive moments, may be zero) at the diameter of
the perforated tubesheet area, see ].8.6;

is an equivalent pressure [MPa], representing the resultant effective axial
force (resultant of active and reactive forces, may be zero) at the diameter of
the perforated tubesheet area [MPa], see ].6.3, ].7.6;

is an equivalent pressure [MPa], representing the resultant active axial shear
force at the diameter of the perforated tubesheet area [MPa], see ].6.2, ].7.5;

is the tube pitch in the perforated tubesheet area [mm], see Figure ].7;
is the tube pitch in relation to the height of the trapezoidal area, [mm];
is the tube pitch in relation to the width of the trapezoidal area, [mm];

aréreactive, axial forces per unit area’ of/ the'tube bundle in the perforated
tubesheet area [MPa];

Qa in the outer zone, Qi'in the'‘inner'zone; see J.7.4;

are the allowable axial forces per unit area of the tube bundle in the
perforated. tubesheet area [MPa]; [@:- for, tension, [Q¢] for compression;
see J,7:3;

is a factor for the tube support [1], see ].9.3;
is an integer to identify a tube row;

is the radius of the outermost tube hole centre [mm]; see Figure J.7 a) and last
paragraph in Subclause ].5.1.1.2 (also Figure 13.7.3-1);

are temperature ranges [K] between maximum and minimum temperature for
shell (S), tubes (T). For the purpose of determining these values, the ambient
temperature shall be assumed to be +20°C;

are factors [1], used in ].7.6;

are relative areas of the tubesheet [1] subject to Ps and Pr respectively;
see].7.1;

is a factor [1], used in ].7.1;

are the thermal expansion coefficients of the shell, of the tubes [K-1];
is a factor given by Formula (J.10.2-3);

is the rigidity factor for the untubed rim, see J.10.3;

is the difference between dl(max) and dl(min) , [mm];

is the allowable difference between dl(max) and dl(mm), [mm];

13
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