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Water-tube boilers and auxiliary installations - Part 3: Design and calculation for
pressure parts of the boiler

Contents Page
EUropean fOr@WORId ............uciiiiiiiicccincirirs s ss s s sssne e e s s s s s s san e e e e e e s e s s sms e e e e eesea s smnneeeeessae s ssnnnneenessassssnnnnnnnnnsnnn 8
1 85T oo o -SSR 10
2 NOIrMAative refEreNCEeS .......ooc i e e e 10
3 Terms and definitioNs ... e 1
4 Symbols and abbreviations ... —————————— 11
5 7= T - 1
5.1 1T o T T 1
5.2 DImensions of Pressure Parts ...........ccccccccreiiiiiiccissscerere s sssmeee s s ssssssssssmssssesesssssssnmnssesseessssnnnns 1
5.3 Strength of Pressure PAarts ... 12
54 Design bY @nalySis ... s 12
5.5 L3 Vo3 [T [T Vo 11 o R OSSP 12
5.6 Other design reqUIreMENLS .........ccccciiiriiiiiiissssire s rsssrsssmerr e e s s s s s ssms e e e e e s s s s s s snmn e e e e e essasssnnneenesannnn 13
5.6.1 7= 1= - 1 13
5.6.2 N o =T 14
5.6.3 Drainage and VENtING ... s 14
5.7 Design, calculation and test PresSsures ... s 14
5.71 [ T TS Lo I 0T =TT U 14
5.7.2 Calculation PreSSUIE ... ms e mme e e e s e s s mmn s e e e e s sa s amn e e e e eennnnnnnns 14
5.7.3 Calculation pressure for pressure differences .........cccooiiicccicceiir s 15
5.74 Hydrostatic test ... ————— 15
5.8 Metal Wastage ..o e 16
5.8.1 LY = 4 T TR T3 Vo =SS 16
5.8.2 EXternal Wastage ......cccccciiiicccismiiiiinis i sssmese s s sssss s ssssme e e e se s s s s sssms e e e e e e s sn s nmn e e e e e nesa s nnnna e e e e nnnnnnnnnne 16
5.8.3 =T o 111 =Y 14 L= 0 £ S P 16
5.8.4 5T =TT o o X7 o o 16
5.8.5 Mechanical reqUIremMents ... ———————— 17
5.9 Attachment on pressure Parts ... —————————— 17
5.9.1 Load carrying attachments ..o ———— 17
5.9.2 Non load carrying attachments ... ————— 17
6 Calculation temperature and nominal design Stress .........ccccovrcecirircccerrrcsse s 17
6.1 Calculation temMPErature ... s er e e s s s e e e e e s s s s s s smnn e e e e e s s snnnne 17
6.1.1 7= 1= - | PR 17
6.1.2 Circulation DOIIErS ... 18
6.1.3 Once-through boilers, superheaters and reheaters .......cccccoceccciriiiri s 18
6.1.4 Hot water generators ... 18
6.1.5 Temperature allowances for unheated components ..o ——————— 18
6.1.6 L= T =T 19
6.1.7 Unheated COMPONENTS ... e mmn e e e 19
6.1.8 Components protected against radiation ... —— 19
6.1.9 Components heated by cONVECLION ......ccccovciiiiiiiici e ————— 19
6.1.10 Components heated by radiation ..o s 20
6.2 Maximum through-the-wall temperature difference and maximum flue gas temperature

for heated drums and headers ... e e e e s 21
6.2.1 Maximum through-the-wall temperature difference ........ccccccmrmiiiccciirccc e 21
6.2.2 Headers exposed tO flU€ gAs ....c.ccciiicicicimiiiiicc et ssmr s s s sms e e e s s nmne e e e e s mnnns 21



6.2.3

6.3.1
6.3.2
6.3.3
6.3.4
6.3.5
6.3.6
6.3.7

00 00 00 00 0 @@
TN

N = s

Allowable deviations ... —————————— 22
DESIgN SrESS ..oiiiceiiiiiii i 22
(€71 4 =T - T 22
Rolled and forged Steels ... —————— 23
AUSEENILIC STEEIS ... 23
Non-alloy and low-alloy cast steel ........c.cccocimiiiiiciini i ———— 24
Nodular graphite Cast iron ..o ————— 24
Design stress for welded connections operating under creep condition ............ccccccvnnuncenn. 25
Design Stress for test PreSSUIe ........oicccciiiccecer i e e e s e s s e 25
Cylindrical shells of drums and headers under internal pressure ........cccccciviiiccircereneeeninnns 25
Shell thiCKNESS ......oiviiiiiiii i 25
REQUITEMENTS ... 25
Required wall thickness including allowances ...........cccovimiiin 26
Basic CalCUIAtION ... e n e nmnnes 26
Required wall thickness without allowances ..........c.oo s 26
Different thiCKNESS ... n s nmn e 26
Fabrication tOlerancCes ... s e 26
Combined stress in drum or header shells ... s 27
(7= 1= - | 27
Stress from longitudinal I0ads ..........ccoireeciiiirecir e 27
Longitudinal bending StreSs ........ciiiiiiicicciiiiiiiiccsscrrr e e ssssn e e s e s snnn e e e e se s nnmnnes 28
Evaluation of ligament stress for inclined ligaments in drums ........ccccceiiiicciien s 29
=T oY1 L= e [ (BT 0 T U1 ] o e o £ O SUR 30
Other stresses in cylindrical shells ... ————— 31

Openings and branches in cylindrical shells of drums and headers and integral tubes .... 31

=TT - 31
Requirements for the ligament efficiency of the main body with openings and branches . 31
Effective lengths for calculation of efficiencies of components ..........ccocciiiiiininiiicninciene 36
Conditions for isolated OPENINGS ........cccceirriicirircsre e sn e s s me e e same e nnanes 37
Requirements for design of branches ..........ccoo o 37
Requirements for the design of reinforcing pads ..........cccoovmiimriiiiccccscerrrr e 38
Efficiency factor, calculation by way of approximation, and maximum diameter of

(] 0 TC=TT01 o] o= I e o X1 o 71 Vo £ SRR 38
(€71 4 =T - T 38
Allowable efficiency and maximum diameter of unreinforced opening ........ccccccvciiriiiinennn. 38
ISolated OPENINGS .....coicciiiiiiirr i 39
Adjacent OPENINGS .....ccceiiiiiiiiri s ————————————————— 41
Design of openings and branches in cylindrical shells (efficiency and reinforcement) ...... 42
Symbols and abbreviations ... —————————— 42
Requirements for application ... e 42
Design of isolated openings and branch connections .........cc.ccccmiircecenrrcccerrcccee s 47
Design of adjacent openings and branch connections ...........ccccciiiciirnrcccnnrcccee e 50
Bolted CONNECLIONS ......ciciiiiii i ————— 51
1= 3T 51
Symbols and abbreviations ... —————————————— 52
Calculation of bolt diameter ... 53
Calculation of bolt 10ad ... e 54
Calculation temperature tC ... ———————— 56
Design strength value K ... 57
Safety fACtOr S ... ————————————————— 57
L@ LT 1LY =T o) o 57
Screwed and socket welded conNNEcCtioNS ..........ooccciiiricciirenesre e 58
Screwed connections into the belt ..............oo e 58
Screwed socket CONNECLIONS ... —————— 58
Socket welded CoONNECLIONS ........cceiiiiiiiiiiiir e ——— 59
Headers and plain tubes of rectangular section ...........cccoocmiiiiicincccc 60
=TT - 60
Symbols and abbreviations ... —————————— 62
Required Wall thiCKNESS ... e 63



9.3.1
9.3.2
9.3.3
9.34
9.3.5
9.3.6

10
10.1
10.2
10.2.1
10.2.2
10.2.3
10.3
10.3.1
10.3.2
10.3.3
10.4

11
1.1
11.2
11.2.1
11.2.2
11.2.3
11.2.4
11.3
11.3.1
11.3.2
11.3.3
11.3.4
11.4
11.4.1
11.4.2
11.5
11.5.1
11.5.2
11.5.3
11.5.4
11.5.5
11.5.6
11.6
11.6.1
11.6.2
11.7
11.7.1
11.7.2
11.7.3
11.7.4
11.8

12
121
1211
12.1.2
12.1.3
12.2
12.2.1
12.2.2
12.2.3

13

1= =T 63
Minimum wall thickness at the centre of one side ..o, 64
Minimum wall thickness at the COrners ... s 64
Minimum thickness at a line of OPENINGS ... ——— 64
Minimum wall thickness at staggered opening arrangement (diagonal pitch) ...................... 65
Minimum wall thickness at isolated Openings ..........cccceviiimriiiinc e ———— 65
Ends and spherical Shells ... 66
Symbols and abbreviations ... 66
Spherical shells and dished heads ... e 66
€ 7T T | 66
Calculation formula ... —————————— 68
Openings in dished ends and spherical ends ..........cccccciiiniiinincis 7
Unstayed flat ends ... —————————— 75
7= T - 75
Thickness of circular unstayed flat ends ..........cccovviiiniisn e ————— 78
Thickness of non-circular and rectangular unstayed flat ends .........cccccciviiiiinniinnicieennns 78
Flat unstayed CIOSUIES .........ccccoiiiiiiminiieis s e 81
LT 1 o= 83
Symbols and abbreviations ... 83
Thickness of straight boiler tUDES ..........occ i 83
Required wall thickness with allowances ... e 83
Required wall thickness without allowances .........ccccciiiccciieiei s 84
MiniMum thiCKNESS .....cooiiiiii s s mn s e s smn e e e e e s s e sme e e e e en s s s nnnne 84
Circumferentially butt welded tubes ...........ccocmiiir i ——— 85
Thickness of tube bends and elbows ... ——— 85
=TT - 85
Required wall thickness with allowances ... s 85
Required wall thickness without allowances ... 86
Departure from circularity of tube bends ..........ccccorriieirirrcrrrr e 86
Flexibility of integral tubing SYStems ... e e 87
1= 4= 87
N B 1= S 87
Structural attachments to tubes ..o ————————— 87
171 4 =T - TS 87
Attachments welded on tube bends ... ———— 89
Length of attachments ... —————— 89
Limit of intensity in the case of radial loading ........c.ccccciniiiinnni i —— 89
Calculation of intensity in the case of radial loading .........cccccniiiiiiniis 89
Strength of Welds ... ————————— 91
Fitting and joining of heated tubes ... 92
Fitting Of tUDES ... e e e e s 92
Joining of heated tUDES .........coo i e e e ean 92
Joining of unheated tUDES ... 92
€T T | 92
L F= T Yo T3 T T I o L1 T SR 92
Butt welded JOINtS ..o —————————— 92
Screwed or screwed and seal welded Joints ..o —— 92
Standardized fittings ..o ———————— 92
Pressure parts of irregular Shape ... s 93
Hydrostatic test for determining the allowable internal pressure ..........cccccrireicmreccccenneccncen. 93
=Y =T - | 93
Proof test to produce Yielding .......cccocccerierirmmmrnsrerrrssre e e e s sse e sme e e e smn e s smn e e e smnn s 93
Proof test to destruction ... ————————————————— 94
Numerical Methods ... ——————— 94
€T T | 94
1 =1 d T T - P 94
Evaluation Of STreSs ... s s s 95
FatigUe ...eeeeiiiiii it 95



13.1 €T 1T - 95
13.1.1 o o =T LU - 95
13.1.2 Fatigue 10ading ... ————— 95
13.1.3 Calculation of fluctuating Stress .........cccciiriiiinnis i ————— 96
13.1.4 Fatigue asseSSMENt ........coiiciiiiiiiiir e ————— 96
13.2 Symbols and abbreviations ... —————————— 96
13.3 Exemption rule for fatigue analysis ..........cccciiiiiminii e ————— 98
13.3.1 L= =T T 98
13.3.2 1= 1= = 98
13.3.3 I - T [T T = 99
13.3.4 Temperature differences during transient operating conditions ..........ccccccciririiicccccennnnnn. 100
13.4 Stress analysis for fatigue calculation ... —— 106
13.4.1 Principal and equivalent StresSses .........cccociviiiiiiininni i ————— 106
13.4.2 Temperature of a 10ad CYCIe ... ——————— 106
13.4.3 Protection of the magnetite layer ... —————— 107
13.4.4 Allowable circumferential stress range at the inside corner of a bore ........cccccevcvirinnneenn 107
13.4.5 Circumferential stress caused by pressure at the inside corner of a bore ......................... 107
13.4.6 Stresses on the branch caused by external forces and moments ...........cccceiiiiirniniineennns 108
13.4.7 Thermal SEreSSES ... s e 108
13.4.8 Upper and lower limit of the circumferential stress at the inside corner of a bore 108

13.4.9 Admissible through-the-wall temperature differences ..........cccccveeeeirrrcccerrcccceernnenes 112
13.4.10 Allowable temperature tranSients ............ccccciccmiiiiirscccser s 113
13.4.11 Components with oblique and/or non-radial branches ..........ccccoccmriiiiicccccrrree e, 113
13.5 (57 11 ] o] L3 o= 1 1o U] P 14T ) o £ S 113
Annex A (normative) Calculation of tube bends and elbows ...,
AA L= 1T o N 117
A.2 Symbols and abbreviations ... —————————— 117
A3 L0 11| 1 ' o N 118
A.3.1 Required wall thiCKNESS ..o s s s s s 118
A.3.2 Calculation of the wall thICKNESS ........ccccciiiieeiiercre e 118
A.3.3 Calculation of Stress ..o —————————— 120
A.3.3.1 The strength conditions for the intrados of the bend shall be: ...........ccccciriiinnnccccnnncceee, 120
A.3.3.2 The strength conditions for the extrados of the bend shall be: ..........ccccoreiirrreciinicceenn. 120
Annex B (normative) Fatigue cracking - Design to allow for fluctuating stress ......cccccccceecccvicernnnnnnn. 127
B.1 €T LT - N 127
B.2 Lo 0 T oY 1= 127
B.3 Symbols and abbreviations ... ———————— 129
B.4 Cyclic stress range and mean cyclic stress in the case of uniaxial and multiaxial

fluctuating SreSS ......ccccciiiiiiir i —————————————— 130
B.4.1 L= T o 130
B.4.2 Uniaxial stress state ... 130
B.4.3 Multiaxial stress state with principal stress directions constant ............ccccccevriiriiriecccccenne. 130
B.5 Correction factors for taking into account the influences of surface finish and weldments

...................................................................................................................................................... 132
B.6 Controlling StreSs raNge .........ccccceiiiiiiiiccccscrrr e e ssn e e e e s s s s mnnn e e e e s sa s s s mnnnneeesnnnnnn 140
B.6.1 €T LT 140
B.6.1.1 Controlling Stress range ... 140
B.6.1.2  ElaStiC FANQGE ......coiiiiieiiiiieii it e 140
B.6.1.3  Partly elastic range ... —————————— 140
B.6.1.4  Fully plastic range ..o 140
B.6.2 CorreCtion faCtor ... e 141
B.7 Permissible stress range with a known number of load cycles .........ccccocvviiiiiiciiiiiinnniines 142
Annex C (informative) Examples of calculating the effects of fatigue ..........ccceeeecirrreeciinccceierceeee 143
CA €T LT N 143



C.2 Calculation of the admissible number of load cycles .........cccoovrmririircccccrrrr e,

C.3 Calculation of the admissible temperature gradient ...........cccocniiiiiiniinc e,
Annex D (informative) Physical properties of steels ........cccocciiiiiiiiinnin e,
D.1 =TT -
D.2 Symbols and abbreviations ... ——————————
D.3 PhysSical Properties ... s s amna e e e e
D.3.1 9 7= =] |
D.3.2 Differential coefficient of linear thermal expansion .........cccccccmiiiccccccer s
D.3.3 [ L= 1o T o - e | U
D.3.4 Thermal diffuSiVity ........cccccccimiiiiiicccccrrr e sss s e s sannn e e e s e mmnn e e e s
D.3.5 T T 0 4 I3 - T
D.4 Physical properties of steels ... ———————
D.4.1 Data sheet (tables) ..o ——————————
D.4.2 ] - T o o 1=
D.4.3 POIYNOMIAIS ...coeiieiei s ————
Annex E (informative) Consideration of external wastage due to flue gas

L= 1=
E.1 € T=Y 5= |
E.2 Symbols and abbreviations ... —————————
E.3 Wall thickness of straight tubes in accordance to Clause 11 ........cccoiiiiicccccrree s
E.3.1 Required wall thickness with allowance ...
E.3.2 Required wall thickness without allowances ..........ccccciiiiiiiinci
E.3.3 Circumferentially butt welded tubes ... ——
E.4 Wall thickness of tube bends and elbows in accordance with Clause 11 .............cccccceeee.
E.4.1 Required wall thickness with allowance ... e
E.4.2 Required wall thickness without allowances ... s
E.5 Wall thickness of tube bends and elbows in accordance with Annex A .........cccoccocereeceeenn.

Annex F (informative) Significant technical changes between this European Standard and the
[0 =XV oW L= 3= 1o Y

Annex ZA (informative) Clauses of this European Standard addressing essential safety
requirements of the Pressure Equipment Directive 2014/68/EU ...........cccocmirrriiicccimennnnnnnn.

BibliOGrapRhy ...cocceeiiiieie i



		2026-06-14T10:09:35+0000
	DIN Deutsches Institut fuer Normung e. V.
	Dokument ist zertifiziert




