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Metallic industrial piping - Part 3: Design and calculation

Contents Page
D100 Q00 0 XcF U0 00 00 ) o 10
1 Y6 0 . 12
2 00 3 00 B R Q=3 ) (=) 1 L X 12
3 Terms, definitions, symbols and UNItS ... —————————————— 13
31 Terms and defiNitions ... ————————————————————————————— 13
3.2 SYMDOIS QN UNIES ..o e e 13
4 Basic deSign Criteria.....oinisisssssss s s s 15
4.1 LT 1 1) o | 15
4.2 0 U D01 15
s S € ) 1 1<) i | 15
4.2.2 Combination Of I0@dS ... ———— 16
2 205 T 10T T K38 00 oo 00 00T 430 11 0 16
4.2.4 Other loads to be taken iNt0 ACCOUNL ... s 18
4.2.5 DesSign CONAITIONS...coiiciiiesisissssssisissssssssss s AR AR 19
4.3 TRICKIIESS wooeiiiscsiasssisissssssssssssss st AR AR AR E R AR AR AR AR R e AR RS 21
4.4 B 0] 25 i ) LT 24
4.5 JoInt COEffiCIeNt ... ———————————_ 24
4.6 Dimensioning of piping components subject t0 Pressure.......—————— 25
5 D LT ¥ 1 Y 0 QT Y 25
51 L= 1T i 25
5.2 Time-independent nominal deSigN STIreESS ... ————————— 26
5.2.1 Steels other than austenitic StEEILS ... ——————————— 26
5.2.2  AUSEENILIC STEELS ..o s AR 26
5.2.3 Nickel and / or chromium alloy Steels......cccuoiiinmsmnmnmnninn s —— 27
LI Y T R 4 27
5.2.5 Additional requirements for steels with no specific control..........cccocvrinininmsmsnsnn. 27
53 Time-dependent nominal deSign SIIESS ... ——————————— 28
LS TR 7 1 1) 1 28
LS I0 J07Y  T ( 28
5.3.3 Nickel and/or chromium alloy Steels.........ccummmmmm e ——————— 29
6 Design of piping components under internal PreSSUre ... ————————— 29
6.1 L0 LT (L 0 1L 29
6.2 Pipe bends and elDOWS.......ccmmmmmsssisissssssssss s s s s ssaes 29
L0 T €< 1 ) Y 29
L 2. 4 1 11010 ) L 30
6.2.3 Required wall thiCRNESSES ..o s 30
6.3 107 U0 o 0= 4 U 31
L 00 T € 1 L) i1 31
LT . 74 1 11010 ) L 31
6.3.3 Effective radius of MItre Dend ... 32
6.3.4 Multiple Mitre DENAS ... —————————_—————————— 32
6.3.5 Single MItre DENAS ..o e e 33
6.3.6 Adjacent straight pipe sections of mitre bends........—————————— 33
6.4 T8 L0 o 33

6.4.1

Conditions of apPlicability ... ————————————————— 33



6.4.2
6.4.3
6.4.4
6.4.5
6.4.6
6.4.7
6.4.8
6.4.9
6.4.10
6.5
6.5.1
6.5.2
6.5.3
6.6
6.6.1
6.6.2
6.6.3
6.6.4

7.1

7.1.1
7.1.2
7.1.3
7.1.4
7.1.5
7.2

7.2.1
7.2.2
7.2.3
7.2.4
7.2.5

8.1
8.2
8.3
8.3.1
8.3.2
8.3.3
8.3.4
8.3.5
8.3.6
8.3.7
8.3.8
8.3.9
8.3.10
8.3.11
8.4
8.4.1
8.4.2
8.4.3

8.4.4
8.5

SPECifiCc defiNITIONS ..o 34

Specific symbols and abbreviations........c————————————— 34
CONICAL SNEIIS oot AR 36
J LU Tet 0 T0d R ) 1T i | 36
Junction between the large end of a cone and a cylinder without a knucKle.........ccccouunnnenene 37
Junction between the large end of a cone and a cylinder with a knucKIe .......ccccunmvesnsiinsennns 39
Junction between the small end of a cone and a cylinder ........cumm————— 41
L0 Ty A o LD (o) 43
RY 070 B 1 (00 o T I 0 L ) 43
Flexible piping COMPONENTS.... .o ssases 44
023 1 1) ¢ ) 44
EXPANSION JOINES cuciiiiiiinsssmsismsssssssssssssssssssssssssssssssassssss s s s s s s E AR AR SRR RS AR AR RS ER AR R R AR RS RE R R AR R AR R SRR RS 44
Corrugated metal hose aSSEMDIIES ... ——————— 46
Bolted flange CONNECLIONS ... —————— 47
3§ <) | 47
E 70 110 0] (T 47
Standard flaNGEe ... ———————————————————— 47
Non-standard flange ... ——————————————————————_ 48
Design of ends under internal PreSSUIe ... 48
10 ) 1 LT 0 48
70 110 1) (3 48
HemiSpherical €NdS ... sssssssssassssssssssssssssssssssssssasasasasssssssss 49
TOrISPhEriCal @NAS .o e s 50
00 101 00 s b LI ¢ Lo L 51
CalCUIALION Of St e AR RS 52
(080 o 11 ) g i = Ll 5 (o 56
023 1 1) o | . 56
R 70 1100 (3 56
Unstayed flat circular ends welded to cylindrical shells/pipes.......ccounnnnnnn. 58
Unstayed flat circular bolted ends.......cmnnmnnmn s —————————————— 65
Reinforcements of openings in unstayed flat ends..........coovnnnnnnnninnns———— 71
Openings and branch cONNECIONS ... ————————————— 74
L0 (1) i | 74
R 70 110 0] (3 74
03 411U 10 () 4 75
B 00 0 5 LT i 1 (o 75
Openings in the vicinity of diSCONTINUILIES ... 77
Types of reiNfOrCEeMENT ... e as 79
Calculation MEthOd ... ————————————————————————— 79
Elliptical openings and oblique branch conNections..........uu i ————————— 80
ReINFOICING PAAS cucoverriirisismsmsnsssssisssssssssssss s s s s s e R R R R A s AR e e e R R R RS 81
Dissimilar material of shell and reinforcements .........co—————— 81
L0 o T LT 01 L 82
00 o e I 82
Branches in bends o1 €1DOWS...... s 83
Screwed-in Branches ... ———————————— 83
ISOlated OPENINGS....c.coccrveciisisiinssss s R 84
=5 1 1) - 84
UNreinforced OPENINGS ... ssssssssssssssssss s sssssssssss s s asass s s s e s s asassaes 87
Reinforced openings with dj/Dj < 0,8.......ccvnnmnnis s ———————— 87
Reinforced single openings with 0,8< di/Di S 1,0 ..o 93

WL T (L0 070 (U0 0 93



8.5.1
8.5.2
8.6

8.6.1
8.6.2
8.6.3

9

9.1
9.1.1
9.1.2
9.1.3
9.2
9.2.1
9.2.2
9.3
9.3.1
9.3.2
9.3.3
9.34
9.3.5
9.4
9.5
9.5.1
9.5.2
9.5.3

10
10.1
10.2
10.3
10.3.1
10.3.2
104
10.4.1
10.4.2
10.5

11
11.1
11.2
11.3
11.4
11.4.1
11.4.2
11.4.3
11.4.4
11.5
11.5.1
11.5.2
11.5.3
11.54
11.6
11.7
11.7.1

UNreinforced OPENINGS....cuummnininisisisssssssssssssss s s e e 93
Reinforced openings With di/Di S 0,8 ... 93
Design of special piping COMPONENLES........ccunmvmscimsnmmmssssss s —————————— 94
(002 10 (L0 ot T 0 Lo 94
Y 01T g Tz LI G ) T o T 95
Triform reinforced branches..... s —————————————— 96
Design of piping components under external PreSSUre.......—————— 97
=3 1T i 97
External calculation PreSSUre.... s s es 97
Exception from verification against external preSSure....... o —————— 98
General acceptancCe Criteria. ... —————————————————————— 98
Symbols and elastic Stress lIMitS...... s ————— 99
72011010 ) £ 99
SEIESS LIMUES oA 101
Cylindrical pipes, elbows and mitre bends........u————————— 102
Determination Of IeNGLRS ... ———————————— 102
Interstiffener COllapSe ... ——————————_————————— 104
Overall collapse of stiffened PiPes ... ——————————— 105
Stiffener StabIlity ... —————————— s ———— 106
Heating/cooling Channels ... s 109
Reducers (conical ShellS) ... s s sssssssses 110
1D 1 LT =) 1 L, 112
HemiSPherical @NdS.... s s 112
TOriSPheriCal @NAS.....cc i —————————————————— 113
EIlIPS0idal €NdS...cciimimnmsisisssmssssssssssssssssssssssssssssssssssassssssssssssssssssssssssssasassssssssssssssssssssssasasssassssssssssssssssssasasas 113
Design for Cyclic 10ading ... sasass 113
=3 1T - 113
Exemption from detailed fatigue analysis .......uu———————— 113
Fatigue design for CYClIC PreSSUIe.. . s sssss 114
Equivalent full 10ad CYCles.......oummmmmmmmmmismssssssssssssssssssssssssssssssssssssssssssssssssasssssssssssssssssssssaes 114
Simplified fatigue analysSis ... ——————————— 114
Fatigue design for thermal gradients..........cccunnnnn s ————— 129
LT 1 1) o | 129
DESIN GUIAANICE ...cciiirisrsisnsmsnsasssssssss s e AR E A AR R R R R RS AR RS R AR AR R R R R RS 129
Fatigue design for combined 10ads ... 129
Integral attaChments.......c i ———————————————————— 130
L) 1 1) o | 130
AlIOWADIE STI@SSES ..cuvrresmsmsaisisssnsssssssssssss s sssssssasas s s R R RS RS S AR AR AR R R A e SRR R R AR AR RS 130
P70 11010 (. 131
Hollow circular attachments.......s s —————————" 133
01 0 UL 1 ) 4 133
Preliminary calCulations ... s ssssssses 133
Analysis of attachments welded to pipe with a full penetration weld.......counissssrcnnnns 135
Analysis of attachments welded to pipe with fillet or partial penetration weld ................ 136
Rectangular attaChments ... ———— 136
0 10T L U0 ) 0 136
Preliminary calCulations ... sssssssssssssssasasasas 136
Analysis of attachments welded to pipe with a full penetration weld.........cccounrsrsrsnsnsnsnnnnns 138
Analysis of attachments welded to pipe with fillet or partial penetration weld ................ 139
Stress analysis Of the I PiPe... i ——————————— 139
Shear stress analysis in attachment ... ————————————— 141

Hollow circular attachIments. .. .coiieriemiemismsmssssssssssssssssssssssssssssssssssssssssssssssssessnssassnssnssassassssssssssssassnsss 141



11.7.2 Rectangular attaChments.. ... s sssens 141

11.8 Alternative calculation Methods. ... ———— 141
12 Flexibility analysis and acceptance Criteria......mmm————————— 142
0720 S 2 7 13 Ul o0 o 1o Lo 1) 1 142
2 s B T 1 () 1 142
12.1.2 LOAdINgG CONAITIONS ..uiuverescsisisissmsmssssssssssssssssssssssssssssssss s ssssssssssss s ssasssss s ssssasassss s s ssss s s s anasens 142
12.1.3 AllOWADIE STI@SSES...iuiurereesrsisinsmssssssssssssassssssssssssssss s e A AR E SRR R R e R 142
12.2  Piping flexXibDility ... s s s 144
B2 2 T T 1 () 1 144
12.2.2 BaSiC CONAITIONS .cucureierisrncsssisissessssssssssssssssssssssssssssssss s s sasass s s s ananens 144
12.2.3 Displacement StraiNS.....cuiisimsmsmsmsmsmsmsssmsssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssasasssassssssnsssssssnns 144
12.2.4 DiSPlacCeIMENT STI@SSES .cvuiuruiuiuisisismsmsssssisssssssssssssssasssssssssssss s ssas s s E SRR AR AR SRR R RS R R R e R R R R RS 145
B2 2T 0 oL i ) 146
12.2.6 COIA PUIL ..oiiieieiairssssnssssssssssss s sssssssasss s ssssssssssss s sssasasas s s s s ss s s assssssasasasan nn e e R SR SRR R RERRR SRR R SRR R R R R RR RS 146
12.2.7 Properties for flexibility analysis ... 146
12.2.8 SUPPOTItiNG CONAITIONS.c.ciuieieieiaiaisissssssssssssssssssssssssassssss s s s e e e R R Rs s s s e e e e nE e 147
12.2.9 EXPANSION JOINES cuotiurrsmsussmsssnssmssssssmsssssssssssssssssssssssssssssssssssassssssassssssassssssssssssssssssssssssssssssssssssasssssssnsssssassnnns 148
12.2.10 FlexXibility analySiS ...uiismmsmsmsmsmsssmssssssssssssssssssssssssssssssssssssssssssasassssssssssssssssssssssssssssasasssssssssssssssassnss 149
12.3  FlexXibility analySiS....iimsmnnniissssssssisssssssssssssssssss s ssssssssas s s ssssssssasas 151
B2 T80 B 7 1 L) 1 151
12.3.2 Stress due to sustained loads ... ————————————————— 152
12.3.3 Stress due to sustained and occasional or exceptional loads.........c.onmnmnmmmmmmmsmnmsnismmssns 153
12.3.4 Stressrange due to thermal expansion and alternating loads.........cccouunnmnmnmsnsssnssscsssnsnnns 155
12.3.5 Additional conditions for the creep range.........uu e ————————— 157
12.3.6 Stresses due to a single non-repeated SUPPOrt MOVEMENE ....ccccouiimsmsmssssssssssmsmsmssssssssssssssesssans 157
12.3.7 Determination of resultant MOMENTS ..o ——————————— 158
I 2R B 2 = Lol 0 ) o1 160
B2 T X U Ty b U U1 ) 160
2SI 4 1) o= 18 () o 160
13 PP @ SUPPOTES c.uciiitinnsmssssmssssssnssssssnsssssssssssss s sssssassssssssssssssssssssssassssnssssesssassessssssesssas ssssssssssesnssssnsssassennss 161
13.1  General reqUITEIMENES. ... s E e AR R RS RS RS AR AR AR E R e e R 161
T I T £ =) 161
13.1.2 Classification of SUPPOTITS......cmsmmmmsmmmsmsmssssisissssssssss s sssssssssssssssssssasasasssssssssssssssssas 162
13.1.3 Additional defiNitiONS ... 162
B s T 2701 U D U 164
13.1.5 Pipe supports welded to the PiPe ... ——— 166
13.2  Selection of PIPE SUPPOTITS ... sssssssssssssssssssasasssssssssnsnssssanas 167
B T B T 1 () 1 167
13.2.2 Detail design of PIPe SUPPOTLS ..coccrcrrrrininismsmsssisssssssssssssssssssssssssssssssss st sssssssasasas s ssssssssasasas 168
S TS 20 1) 03 0 100 0o [T o= U ) 169
13.3 Constant hangers/base mounted (pedestal) constant SUPPOILS......ccummsmnnimsnssssssssssisseseans 169
S T8 100 B 7 1 1) 1 169
13.3.2 Load deviation from calibrated 10ad ... ————— 169
13.3.3 Site adjustment of the calibrated 10ad ... ——————————— 169
13.3.4 Travel reserve (OVertravel).... s sssssssssssssssasass 169
S T8 T8 23 (T oL 1 169
13.3.6 Identification Marking/Name Plate ... 169
13.4 Variable load spring hangers and base mounted (pedestal) variable load spring

E] L0 010 ) o 170
s B T 1 () o 1 170
13.4.2 Tolerance 0N SPIiNG FAte......cummsmmssmsmsmsmssssssssssssssssssssssssssssss s asass s s s anaeas 171

13.4.3 Travel reserve (OVertravel)..... i 171



I T 23 (T o2 171

IS 2 T\ 1 10 L= 0 171
IR TS 3474 (0] 0 o L 171
13.6 Shock arrestors, shock absorber (SNUDDET)........cou s —————————— 172
S 7Y 1 b 0T )] 00 o 172
IR T N ¢ Lol 1 1) o 173
13.9 Documentation Of SUPPOIS.....cmmmmsmmsmsmssssisissssssssssssssssssssssssssssssssss s sssssssasasasssssssssssssssssaes 173
13.10 MarKing Of SUPPOTLES ....covinmnmnisismsmsmsssssssssssssssssssssss s s p R e e 173
13.11 Design and manufacture of pipe SUPPOTLES ....ccovimmmmmmsmsmsmsmssssssssssssssssssssssssssssssssss s ssssssssssssses 173
13.11.1 Material reUITrEMENLS .......coimimsmsmsmsmsmsmsmssmssssssssssss s sssssssssssssssssssssssssssssssssasasassssssssssssssssssnsasasass 173
13.11.2 Design temperatures for SUPPOIrt COMPONENLS ....ccvcuciimsmsmsmsmsssssmsessssssssssssssssssss s sssssssssssssasass 173
T T B 0Ty 1 e 175
13.11.4 Determination of COMPONENTE SIZES ......cccervmimrmsmsinmsmsmsmsiiisssss s 175
13.11.5 Welded CONNECHIONS ..couvrcisisimsmssssssssissssssssssssssssssssssssssssssssssssssssssssssssssssss s sssasassssssssssssasssssssssssssasassunss 177
13.11.6 BOIted CONMECTIONS. ..uiiircsissssesssssssssssssssssssssssssssssss s ssssassss st s e s s e a R AR 179
13.11.7 Additional requirements ON SPIiNES ... es 182
13.11.8 Design details for rigid SIrULS....o s —————— 182
13.11.9 Design details for shock arrestors, shock absorbers (Snubbers) .......cccoonnmnnsnsssesenssnns 182
13.11.10 Clamps for shock arrestors, rigid SIFULS ... ——————— 183
13.11.11 Alternative rules for design and manufacture of pipe SUPPOItS.....ccurrrssrsssssssesssssesssees 184
Annex A (informative) Dynamic effect......cmmmmmmsssssssssssssssssssss s 185
A1l LT3 1 1) o | 185
72 W0 0 A 41 1 L1 ot () 185
A.1.2 Vibration design SUIdelines ... ———————— 185
A.2 Analysis by calCulation.......ccoimmmss s s 191
N R 07 1 1<) - | 191
A.2.2  SEISINUC EVEILS ...coeieiuciseirismssssnsssssssmsssssss s m s s s e AR AR AR AR R A SRR RS AR AR ER AR SRR AR R AR R AR SRR AR R AR RS 192
A.2.3 RAPiId VAIVE CLOSUIE .....eciciiiiisismsmsmssssssssssss st sssssssssssss s s s s s s e s s s s s s s s as s s 197
A.2.4 Flow Induced VIDTation ... ssssassssssssssssasass 200
A.2.5 Safety valve diSCRAIZEe ... s 203
A.2.6  AlIOWADIE STI@SSES ..cuiuiuiuisiursniisisisssmsssssssssss s s s snsmsas s e e R R AR AR AR SRR AR AR A A AR R R AR AR AR AR SRR AR AR AR RS 205
A.2.7 Structural vibration properties ... —s———————————————e 205
A.3  Alternative means of design VerifiCation.........———————— 207
A.3.1 COMPArative STUALES .....cccocomsmsrnmsisisismsmssssissssssss s sssssssasss s s e s s e e R R R R AR s AR R R s s 207
WA VRS T 20 1L T o 1 L ) 208
A.3.3 Reduced SCale tESTING ..o 208
7 W S V= 10 T B= 00 10 o Q00 Tx= 1] 1D 1 0 . 208
Annex B (normative) More accurate calculation of bends and elbOWS ........cccociinnnnrnnnnsnnsesesnssasnnans 209
B.1 =3 1 1) i 209
B.2 SYMDbOIS QN UNIES ..o ssssssssssssssssssssssssssssssssssssasasasassssnsssssnsssssssssases 209
B.3 Required wall thiCKNESS ... s s sssssssssasases 210
B.4 081 ot b 1 B U (o) 211
B.4.1 Calculation of wWall thiCKNESS......cuiiiiiinsnnssss s 211
B.4.2  Stress CAlCUIAtion ... s 213
Annex C (informative) EXpansion JOINES ... ssssssssssssssssasass 217
C1 Incorporation of expansion joints into piping SYyStemS......smss——— 217
O80T O -5 1 1) - Y 217
C.1.2 Types of eXpanSion JOINES.....cummimiismsssssssssssssss s s s s sssssasasasas 218
C.1.3 Design of eXpanSion JOINES ... ssasasases 218
C.1.4 Designing with eXpansion JOINTS. ... —————————————— 219
C.1.5 Analyses and calCUlation ... s sssssasasasas 221

O T 01 (s 1 221



C.2 Maximum spacing for unrestrained axially compensated straight runs .........cccousnsnsenes 222

O S 1) 1 ) | 222
C.2.2  Calculation TUIES ... ———————————————— 222
C.2.3 Maximum spacing for specified cONditions.........c——————————— 223
C.3 Indication for the design of eXpansion JOINTS ... ————————————— 224
O 00 B €7 1 ) | 224
C.3.2 Information for the system analyst.......cummmmmmmsssss s 224
AnNnex D (NOTrMatiVe) Flan@eS ..o nsiissssssssssssssssssssssssssssssssssssssssssssssssssssssasasssssssssssssssssassssssssasasasssssssssss 225
D.1 o 1 00 225
D.2 Specific terms and definitions.......o i —————_——_———_———_—_———— 225
D.3 Specific symbols and abbreviations........ccm———————— 226
D 2 £ 1 ) 1 L, 227
0 2 350 N § 01 Yo L1 ot o) P, 227
D.4.2 Use of standard flanges without calculation........cn————————— 227
D 2 0 210 L 1 ., 228
D 20 R 3 P 04 3004 510 0 0 o 230
D 2 S ' = T 13101 . 230
D B L (= 230
D.5 Narrow face gasketed flanges ... —————— 231
D 280 €7 ¢ ) 1 L, 231
D.5.2 Bolt10ads and areas.....u——————————————————————— 233
D.5.3  Flange MOMENLES ....cvurismsesmmssssmsssssssssssssssssssssssssssssssss s sssssssss st ss s s s s a s e 234
D.5.4 Flange stresses and Stress HMits..... s 234
D.5.5 Narrow face flanges subject to eXternal PreSSure ... ———————— 240
D.5.6  LAP JOINLS wooviiieieieiaiarsssmssssssssssssssssssssssssssssssssssssssssssssssssassssssssssssssssssssssssasasssss s s s sssssssssssssmsasasassnsssnnsnssssnaes 240
D.5.7 SPUEring flANGES ..o s 243
D.6  Full face flanges with soft ring type gaskets ... 244
D.6.1 Specific symbols and abbreviations........———————————————— 245
D.6.2 Bolt10ads and areas.....——————————————————— 245
LD 2T T T B U1 F e s UE o . 246
D.6.4 Full face flanges subject to exXternal PreSSure ... ————————— 247
D.7  Seal Welded flangEes ... s sassss s s s 247
D.8  Reverse Narrow face flanges.......ommnmssssss s 248
D.8.1 INTEINAL PreSSUTE ...uiuiuiuiuisrssssiistsssmsmsssssassssss s s s s s s s s e AR R AR AR AR AR R AR AR RS A A AR R AR AR AR AR AR AR R AR AR AR RS 248
1D JRS 2 D5 1) 9 (B 1 00 Q0T 1 3, 250
D.9  Reverse full face flanges......con s ——————————— 250
D 10 s O €1 1 1) | T, 250
D.9.2 Design following method of D.5.... s ————— 250
D.9.3 Design following method of D.6....... i 252
D.10 Full face flanges with metal to metal CONtACE ......ccoovirinrrnsnsinssns s —————— 254
0 20 T 1 ) 254
D.10.2 Specific symbols and abbreviations........c—————— 254
D 200 0 T D LT €1 L 255
Annex E (normative) Design of branch connections in piping accesSories ... 257
E.l R o0 257
DR T O £ 1 U] T 257
E.2 ReINfOrCEMENT ... ——————— 259
| 00 TV 1 ¥ d (T 1 U I ) - 259
E.2.2 The following condition shall be satisfied:........cccu——————— 259
E.3 FlexXibility analysSis.....unnssssiisssssssssss s s s ssssssssaes 260
Annex F (informative) Testing during operation in the case of cyclic loading.........ccconnnnsessnsscnsenns 262

F.1 Testing during OPeration ... ————————————————————————— 262



Annex G (informative) Physical properties of steels........ommmmm————————s 263
G.1 T 5 1< | 263
G.2 Lo A3 o T80 Q0] 0123 o L 263
O T D7) 5 1. 1 . 263
G.2.2 Differential coefficient of linear eXpansion ... —————————— 264
G.2.3 Specific thermal CapaCIty ... ————————————————————— 264
G.2.4 Thermal diffUuSIVITY .o e e 264
O o0 1110 1 3D i 1 (o 264
G.3 Physical properties of Steels ... ———————————— 264
G.4 Material properties of carbon steel (structural steel) at elevated temperatures.............. 270
Annex H (normative) Flexibility characteristics, flexibility and stress intensification factors

and section moduli of piping components and geometrical discontinuities..........cococsurusnee 271
Annex I (informative) Production testing of spring supports and shock arrestors (shock

] 010 0] ) 281
L1 L0701 1 = 0 Lol 0T Lo B 100 010 281
1.2 Variable SPring SUPPOTITS ... s ssasssss s ssassss s s ss 281
1.3 Y L0 1 D g 1] 1) o, 281
Annex J (normative) Type testing of SUPPOIt COMPONENTS ......cccemrrrrnmnrsmsmsmsmsmsssssssssssssssssssssssssssssssasasasasans 286
Annex K (informative) Attachment of SUPPOTItS t0 StIUCTUIES ......coinmsnscsssnmmsmmms s 287
K.1 Attachment of supports to concrete StrUCLUIeS ... ————————— 287
K.2  Attachment to metallic SLIUCLULES ... sases 288
K.2.1 Standard DOILS ... sssssssssssss s s ssssss s sssssssas s s s s sssassssanas 288
K.2.2  Friction Srip DOILS ... ssasassssass 288
0 T T U, 288
Annex L (informative) Buckling of linear type SUPPOILS ......cccuimmnmnsssmsmssssssssssssssssssssssssssssssss 289
L.1 =5 1 1 - 289
L.2 R 115 ) L 289
L.3 BaSIC @QUATIONS cucuuiniriersnsmssssnsmssssssnssssssssssssssssssssssssssssssssssssesssasssssssssesssassssmssssesssns s snssssssssnssssnsssasssnsassensnass 289
L.4 Allowable COMPTIeSSIVE SITESS ..o sssssssssssssssasasassssssssssssssssssssssasasas 290
L.5 30 Ted D 0T U] 1o 290
Annex M (informative) Design guidance for structural COmMPONENtS.......coomesesmsmsmssssssssesssssssssssssssssns 293
M.1 Linear type components subjected to bending ... ———— 293
L T < 1 1 o 293
M.1.2 Supplementary verifications for linear type SUPPOTTLS ......cccovimimnmnmnmsmsmsnssisssssssssssssssssssssssssssans 293
M.2  Stability of plate type SUPPOILS ... sssssasassssssssssssssssssssssns 295
M.3  Anchorage plates or equivalent anchorage cOmMPONENLS ..o 295
L T T < 11 - 295
M.3.2 Design of simple anchorage plates ... —————————— 295
M.3.3 Fixing plates with stiffening gusSets ... ———— 295
M.3.4 Load calculations for anchorages fixed in CONCIete .......cmnrsnsnmsnsss———— 296
Annex N (normative) Documentation Of SUPPOTTES ... sssssssssssssssssasasasssses 297
Annex O (normative) Alternative method for checking branch connections ........onnnssssianans 300
0.1 1] 0 300
0.2 70110 0] C 300
0.3 Design and checking of the branch cONNECHiON. ... ———— 302
0.3.1 Limit value for the load due to pressure only for straight pipes without opening ............ 302

0.3.2 Determination of the minimum thicknesses under loading due to pressure only ............ 302



0.3.3 Checking of the thicknesses selected for the combination of pressure loading and

loadings due to exXternal 10ads ... —————————————— 303
Annex P (informative) Recommended gaskets for industrial piping ... 354
Annex Q (informative) Simplified pipe stress analysis ... ————————— 356
Q1 L] 4 ) o 1 356
Q.2 Simplified ProCeAUIe......ciii s —————————————————— 356
L0 307 1< 4 =3 - 1 356
Q.2.2 Specification of allowable spacing of SUPPOTITES......cuiissmsns s 356
(0 17705 T 08 1 U=l - Q07 =] T2 1] 0 (ol L . 356
Q.3 Explanatory notes for Table Q.1 ... s 358
L0 1 I3 74 1 110 1) (3 360
Q.5 0 00 Lo 360
Q.6  EXplanatory NOtes t0 Q.2.2 ...t ssssssssssssss s ssssas s s asasasss s s sssssasassssas 361
Q.6.1 Specification of allowable Spacing of SUPPOILS.....ccnmsmsmsssss s —————— 361
Q.7  Conversion of the allowable lengths.........cco s ————————— 362
Q.7.1 Other SUPPOrt CONAItIONS. ...t e 362
L0 TR 07 0 1 1 1) ol 0721 01 4 =3 1) 362
Q.8 Additional SINGLe 10adS ......cvvrrmrciniismsnsnss s ——————————————— 363
L0285 20 R 1= 1= 1 363
Q.9 Explanatory note on Figure Q.2 ... ssssssssssssssssssssssssssssssssssssssssssasas 366
0 1 T80 T 1= 1 1) - ) 366
Q.9.2 Required pipe leg length L4, for f; from the NOMOZram.......ccuns———. 368
Q.9.3 Required pipe leg length L, for f> from the NOMOGram..........covnmnmnmninismsmsmsmsssssssssssssssssssssees 368
Annex R (informative) Surveillance of components operating in the creep range ........ccccuevevrunns 373
R.1 (023 1 1) ¢ | 373
R.2 Recording of operating data ... ——————— 373
R.3 Calculation of the creep exhaustion or the theoretical residual lifetime.........c.cceeenerennsnsnses 373
R4  Assessment of the cumulated Creep.......nmnn s —————— 375
R.5 Review and repair 0f CraCKS ... ssssssssssssssssssssssssssssssssssssssasasas 375
R.6 08 Q=T o =1 0 Lo LT U 375
R.7 Measures when reaching certain degrees of eXhaustion ... —— 375
Annex Y (informative) History of EN 13480-3......ccconmmmmmmmmmmmssssssssssssssssssssssssssssssssssssasasssssssssssssssssssss 376
Y.1 Differences between EN 13480-3:2017 and EN 13480-3:2024.........cconrmmsmsmsmsesesssssssssssssssnans 376
Annex ZA (informative) Relationship between this European Standard and the Essential

Requirements of EU Directive 2014 /68/EU aimed to be covered..........ounmnmnmnmnnsnsnsnsnsnsnns 379

123 10) 1073 021 0] 42, 381



		2026-07-08T14:52:39+0000
	DIN Deutsches Institut fuer Normung e. V.
	Dokument ist zertifiziert




