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Introduction

This draft standard is based on European discussions in which the UK has taken an active part. Your comments on

this draft are welcome and will assist in the preparation of the consequent British Standard. Comment is particularly
welcome on national, legidlative or similar deviations that may be necessary.

Even if this draft standard is not approved by the UK, if it receives the necessary support in Europe, the UK will
be obliged to publish the official English Language text unchanged as a British Standard and to withdraw any

conflicting standard.

UK Vote

Please indicate whether you consider the UK should submit a negative (with reasons) or positive vote on this draft.

Submission of Comments

- The guidance given below is intended to ensure that all comments receive efficient and appropriate attention by the
responsible BSI committee. Annotated drafts are not acceptable and will be rejected.

- All comments must be submitted, preferably electronically, to the Responsible Committee Secretary at the address
given on the front cover. Comments should be compatible with version 6.0 or version 97 of Microsoft Word for

Windows, if possible; otherwise comments in ASCII text format are acceptable. Any comments not submitted
electronically should still adhere to these format requirements.

- All comments submitted should be presented as given in the example below. Further information on submitting
comments and how to obtain a blank electronic version of a comment form are available from the BSI website at:
http://www. bsigroup.com/en/Standar ds-and-Publications/Current-wor k/DPC¢

Template for comments and secretariat observations Date: xx/xx/20xx Document: 1SO/DIS xxxx
1 2 (©) 4 5 (6) (@)
MB | Clause No./ Subclause Paragraph/ Type of com-| Commend (justification for change) by Proposed change by the MB Secretariat observations on each
No./Annex Figure/ ment the MB comment submitted
(e.g. 3.1) Table/Note
31 Definition 1 ed Definition is ambiguous and needs Amend to read '...so that the mains
Iclarifying. connector to which no connection...'
6.4 Paragraph 2 te IThe use of the UV photometer as an Delete reference to UV photometer.

ts use in the UK.

elternative cannot be supported as

Iserious problems have been encountered in

Microsoft and MS-DOS are registered trademarks, and Windows is a trademark of Microsoft Corporation.
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Foreword

This document (EN_13445-3:2009/prA5:2012) has been prepared by Technical Committee CEN/TC 54
“Unfired pressure vessels”, the secretariat of which is held by BSI.

This document is currently submitted to the CEN Enquiry.

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.
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1

Modification to 16.12

Delete the existing text of 16.12. and substitute the following:

16.12 Vertical vessels with skirts

16.12.1 Purpose

This clause gives rules for the design of support skirts for vertical vessels. It deals with the skirt itself and
local stresses in the region where skirt and pressure vessel join and with the design of the base ring.

16.12.2 Specific symbols and abbreviations (see Figure 16.12-1 to Figure 16.12-4)

The following symbols and abbreviation are in addition to those in clauses 4 and 16.3:2

a
€B

ez

fz

4

is the lever-arm due to offset of centre-line of shell wall;
is the thickness of vessel wall;

is the thickness of skirt;

is the allowable design stress of skirt;

is the allowable design stress of the ring (Shape A);

is the inside knuckle radius of torispherical end;

is the inside crown radius of torispherical end;

is the mean shell diameter;

is the mean skirt diameter;

is the equivalent force in the considered point (n = p or n = q) in the skirt;
is the weight of vessel without content;

is the vessel weight below section 2-2;

is the weight of content;

is the global bending moment, at the height under consideration;

is the moment increase due to change of centre of gravity in cut-out section;
is the hydrostatic pressure;

is the section modulus of ring according to Figure 16.12-1;

is a stress intensification factor (see equations 16.12-33 to 16.12-36);

is the knuckle angle of a domed end (see Figure 16.12-2);

is part of the knuckle angle (see Figure 16.12-2);

is the stress;
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Subscripts:

a refers to the external shell surface, i.e. side facing away from central axis of shell;
b refers to bending (superscript);

m refers to membrane stress (superscript);

i refers to the inside shell surface;
o refers to the outside shell surface;

p is the point in the section under consideration where the global moment causes the greatest
tensile force in the skirt (e.g. side facing the wind = windward side);

q is the point in the section under consideration where the global moment causes the greatest
compressive force in the skirt (e.g. side facing away from the wind = leeward side);

1 is the section 1-1 (see Figures 16.12-1 to 16.12-4);
2 is the section 2-2;
3 is the section 3-3;
4 is the section 4-4.
5 is the section 5-5.

16.12.3 Connection skirt/shell

16.12.3.1 Conditions of applicability

a) The load on the skirt shall be determined according to generally accepted practice;
NOTE For tall vertical vessels the loads on the skirt shall be determined according to clause 22.

b) Attention shall be paid to the need to provide inspection openings.

16.12.3.2 Forms of construction

The forms of construction covered in this section are:

a) Structure shape A: skirt connection via support in cylinder area - Figure16.12-1;
Cylindrical or conical skirt with angle of inclination < 70 to the axis;

b) Structure shape B: Frame connection in knuckle area - Figure 16.12-2;

Cylindrical or conical stand frame with angle of inclination < 7° to the axis and
welded directly onto the domed end in the area 0° < y <20°;

Wall thickness ratio: 0,5 < eg/e, < 2,25;
Torispherical end of Kloepper or Korbbogen type (as defined in 7.2) or

elliptical end having an aspect ratio K < 2 (where K as defined in equation
(7.5-18)) and a thickness not less than that of a Korbbogen-type end of same

diameter;
c) Structure shape C: skirt slipped over vessel shell - Figure 16.12-3; Documents
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Cylindrical skirt slipped over vessel shell and welded on directly

It is assumed that, on either side of the joining seam for a distance of 3 eg,

there is no disturbance due to openings, end connections, vessel
circumferential welds, etc.;

Note has to be taken of the risk of crevice corrosion.
FG =A FG

NOTE Outside the above limitations, subclc2.. ... 2_...4.1 and 16.12.3.4.2 do not apply. Nevertheless,
subclause 16.12.3.4.3 may be used subject to calculate existing stresses by elastic shell theories.
¢ D
% fo- A
¢ Dg
<1

>3 eg

¢ D,

e+ AFg
LY

FG+FF

Figure 16.12-1 — Shape A: Skirt connection with supporting ring
(Membrane forces due to self weight and fluid weight)
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FG+FF

Figure 16.12-2 — Shape B: Skirt connection in knuckle area
(Membrane forces due to self weight and fluid weight)
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Figure 16.12-3 — Shape C: Skipped-over skirt area
(Membrane forces due to self weight and fluid weight)
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(a) = Section 1-1 to 5-5 (b) = Section 4-4

Figure 16.12-4 — Schematic diagram of stand frame - sections

16.12.3.3 Forces and moments

The values F, and M, at the respective sections n=1 to n=4 are determined as a function of the

combination of all the loads to be taken into consideration in this load case (see Figure 16.12-4). Further
checking may be necessary if the wall thickness in the skirt is stepped.

16.12.3.4 Checking at connection areas (sections 1-1, 2-2 and 3-3)

In the connection area, sections 1 to 3 defined in Figure 16.12-1 to 16.12-3 have to be checked. Checking
is required for the membrane and the total stresses, while only the respective longitudinal components
are being taken into account.
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The section force Fz in the skirt in the region of the joint depends on the position (n), i.e. whether the
moment strengthen (q) or weakens (p) the load component:

M

Frp=—F—Fg—Fr+4—" (16.12-1)
Dz

FrqmFi—Fo—Feat (16.12-2)
D,

where

F4 is the global additional axial force in section 1-1;

M; is the resulting moment due to external loads in section 1-1 above the joint; between the

pressure-loaded shell and skirt.

11111 Membrane stresses

The checking procedure for membrane stresses is the same for structural shapes A, B and C. The
membrane stresses at point 1-1 are:

_Fzp+AFg+Fe PDg

o= 16.12-3
T D ep deg ( )
Frq+AFg+ F
o e TF Pl (16.12-4)
mDgeg deg
check that:
m
‘mp‘g (16.12-5)
m
‘mq‘g (16.12-6)
The minimum required wall thickness in section 1-1 are obtained from next equations:
on 1 [FZP+AFG+ Fe  PDg ]
-y !
FL mhe 4 (16.12-7)
- _l(FZq+AFG+ F- PDg J
19— !
f g 4 (16.12-8)

The calculation of this wall thickness is necessary for structural shape A.

If GTp or G?; is a compressive stress, a stability check shall be carried out according to 16.14. This check

is not required if the longitudinal stress component is less than 1,6 times the value of the resulting
meridian membrane compressive stress for a vacuum or partial vacuum load case, provided the latter
was checked according to clause 8. This applies also to other sections in the cylindrical area of the shell.

Regardless of the check point, the membrane stress in section 2-2 is:

m_ Fp+AF,  PDy

0, =0,,=0,, 5 1 (16.12-9)
Dgey ey
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Check that:
‘cg“ ‘Sf (16.12-10)

The mathematically necessary wall thickness in section 2-2 is obtained from next equation:

1( AFg+F PD
ef=——| —C F4 B (16.12-11)
fl nDg 4
The calculation of this wall thickness is necessary for structural shape A.
In section 3-3 of the skirt, the membrane stresses are equal to:
F
op=——"22— (16.12-12)
nD e,
F
oq=—0— (16.12-13)
nD,e,
Check that:
o5, k<t (16.12-14)
‘og"q ‘sfz (16.12-15)

The mathematically necessary wall thicknesses in section 3-3 are obtained from next equations:

F
e?p=i Z0 (16.12-16)
f,\ D,
F
e?fi = (16.12-17)
f,\ D,

The calculation of this wall thickness is necessary for structural shape A.

If G?p or G?q is a compressive stress, the stability check may also be carried out according to 16.14.

16.12.3.4.2 Bending stresses
a) Structural shape A - Figure 16.12-1

The local bending moment at points p and q is:
M,=0,5(D,—Dg JFz, (16.12-18)
M,=0,5(D,-Dg )F, (16.12-19)
The total section modulus of the support ring at the point n is calculated as follows:
szg[(Dz+ez—DB—eB )12+(2e§—e?“p2—e2“2)DB+0,5(e§—e§“p2jDz} (16.12-20)
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T

W, =Z[(DZ+eZ—DB —ep )hz+(2e§ —eﬂ‘z—e?ZJDB +O,5(e§—e§“q2 )DZ } (16.12-21)

The factor 0,5 in the third summand allows for the type of transition from the skirt to the connecting ring as
shown in Figure 16.12-1. If the allowable stresses f of the vessel and/or fz of the skirt are less then that of
the support ring fT, the 2nd and/or the 3rd summand in equations (16.12-20) and (16.12-21) have to be
reduced with the respective ratio f/ fT and/or fz / fT

b) Structural shape B - Figure 16.12-2

The eccentricity a of the shell wall centreline causes a bending moment at point n:

M, =aF, (16.12-22)
M,=aF, (16.12-23)
with
a=05\ e2+e%+2ege,cos(y) (16.12-24)
D,+e,-D,+e
cos(y1—2—B —£_“Z 16.12-25
(v Arror) ( )

The corresponding bending stresses in sections 1-1 to 3-3 at the outer surface (a):

6M

G?p(aFGSp(aﬁCﬁ (16.12-26)
B*~B
6M
o5q(@)05,(a)= C 5 s
e s (16.12-27)
6M
%, (arC 2,
D, e (16.12-28)
6M
o5, (@FC S =
wz€z (16.12-29)

Within the range 0,5 < eg /e, < 2,25, the correction factor C can be taken approximately equal to:
C =0,63-0,057 (eg /ez)2 (16.12-30)

This relationship was determined from numerical calculations using the finite element method. Because of
the large number of parameters, a simplification is made which, under certain circumstances, can lead to
significant over-dimensioning, e.g. in the case of “Korbbogen” ends.

In the region of sections 1-1 to 2-2 the above bending stress components are superimposed by the
bending effect caused by the internal pressure in the knuckle.

Gf(pFﬁf(p):%(la—lj (16.12-31)
B

a

Documents

Document Sharing Hub
12

Full document details: 12/30261735 DC


http://dx.doi.org/10.3403/30193976
http://www.avadocuments.com/doc/12-30261735-dc
http://www.avadocuments.com/doc/12-30261735-dc

