Tutorial on Pressure Design of Pipe and Pipe Fittings according to EN 13480-3 (2017)
Pressure Design of Pipe and Pipe Fittings can be performed using the modules built into CAEPIPE which are
independent of the flexibility analysis.

These modules can be launched through Layout frame > Misc > Internal Pressure Design: EN 13480-3 and
Layout frame > Misc > External Pressure Design: EN 13480-3 respectively.

Note:

These modules perform Pressure Design of Pipe and Pipe Fittings ONLY using the equations given in the EN 13480-3
(2017) Code irrespective of the Analysis Code selected for flexibility analysis in CAEPIPE.

In case the flexibility analysis is performed with an Analysis Code other than EN 13480-3 (2017), the Pressure Design
modules will use the material allowable stresses corresponding to the maximum temperature T1 through T10
entered in the CAEPIPE stress model.

Tutorial on Internal Pressure Design of Pipe and Pipe Fittings

Step 1:

Snap shots shown below present a sample stress model developed to show the Internal Pressure Design
calculations performed by CAEPIPE.
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# |Node|Type  [D3¢mm) | DY fmm) | DZ (mm) | Matl| Sect | Load | Data ~ A
1 | Title = Pressure Design (Internal]
"z |10 |From 1035 16705 | 116829 Anchor
3|20 |Bend |82 232 1 |360 |1
EBE: 282.987 263512 [1 350 |1 Flange
(5 |40 [Bend [108201 103043 (1 [350 |1
& |50 -2221.97 1105412 |1 | 350 |1
7 |80 -606.993 | 2.87962 |1 | 350 |1 User hanger
'8 |70 |Bend A176.03 | 5.57918 |1 |350 |1
'3 |80 |Bend 1479 1 |380 |1
EEE: 627.976 544625 [1 380 |1 Flange
171|100 912,966 F.a17e8 1 350 (1 User hanger
[12]110 453,981 433615 (1 |380 |1
(13120 |Vakve |349.954 8.23876 (1 (380 1
(14| 130 299.989 280171 1 |380 |1
(15]140 |Valve |949.964 8.23875 (1 |380 1
16| 150 106316 9.22046 (1 |380 |1 ~
[17]160 | Reducer | 35576 2851 1 (400 |1
"18]170 304.99 266 1 (400 |1 ‘welding tee
EEIRED] 304.99 266 1 (400 |1
[20]190 | Reducer | 3565 9054 1 (200 |1
21 200 7E9.949 883096 (1 (200 |1 Lirriit stop
(22| 210 |Bend  |3415.05 -39.169 |1 200 |1
23| 220 1550 1550 |19 1 |200 |1 Anchor d
24[1000 |[From  |-1036 15545 |116829 Anchar N v
1 25|1010 |Bend | -162 232 1 |380 |1 vl < 3




== Caepipe : Materials (1) - [InternalPressureDesign.mod (C:\Tutorials\PressureDesign)]
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Be H|veles
# |Mame Description Ty |Denzity |Nu  [Joint |Tensile |# |Temp|E Alpha f [CR ~
pe | (ka/ma3] factor | [MAmmz) [C) [kMmm2] | (mmdmmAC) | [MAmma] [ (M Amme]

1 [ EM 10216-2 10CrMo5-10 Seamless | C5 | 7850 |03 |0.80 |2298 [1 |20 |21 1151EE  [137.1

2 BERE: 117966 [136.9
O Iz 100|208 121066 [1365
B [4 |150 |203 12436 [1328
B |5 |200 [199 127566 (1328
B & |250 [196 130966 [1328
B 7 [300 |132 132266 [1328 .

== Caepipe : Pipe Sections (8) - [InternalPressureDesign.mod (Ch\Tutorials\PressureDesign)]
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# |Mame |MNom|Sch [OD | Thk | Cordl {M.Taol| Ins.Dens | Ins Thk | LinDens | Lin Thk [ Sol #
Dia ] | (o] | (] | (%] | [kadm3) | [rom) [kg/m3] | [mrm)

1 |8 25 (3 |337 (2B |1 125

2 |&0 50 (3 |B0.3 (29 |1 128

3 150 [150 |3 [168345 |1 125 |180 100 2700 1

4 200|200 |3 |2191(8B3 |1 125 |180 120 2700 1
BEREEREEE L 125 |180 140 2700 1
BEREEREE 1 125 |80 140 2700 1

7 |ao0 [400 |3 |a0salss |1 125 |180 140 2700 1

ESDD 500 (3 |s08 (11 |1 125 |z00 140 2700 1 v
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Mame |T1 [P1 |T2 Desa.T |Desg Pr. | Specific | AddWat. [Wind |Wind |Wind |Wind
[C) |(bar]|(C) [bal] C) [bar) gravity |[(kg/m) |Load1|Load2|Load 3|Load 4

1 221 |226|20 |-1.00)221 226 0.003
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# |Bend |Radiuz ([Rad |Thik |Bend|FlexF|InFln  [OutPln|int.  |angle|Int  |angle ~
Mode | [mm] | Type | [nom)] | katl SIF SIF MNode | [deg) |Maode | [deg)

20 |Bs6 | Short
40 533 Long
70 533 Long
an 533 Long
210 | 305 Long
1010 (356 | Shart
1030 (533 |Long
1060 (533 |Long
1070 (533 |Long

1ann | ane [
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# [From |[To |0OD1 |Thkl |0D2 [Thk2 [Cone angle
[rom] | (me] | (mm] | (mm] | [deg)

150 |160 [B55E]s 4064 (88 |8
180 (190 |406.4 (28 |2191 (62 |46
1140 (1150 3556 (2 4064 (338 |8
1170 (1180 406.4 (88 | 2191 (63 |46
1620 (1800 | 406.4 (2.8 |502 (11 |18

Step 2:

Internal pressure design calculations of pipe and pipe fittings according to EN 13480-3 are independent of
lengths of elements defined in the CAEPIPE stress model. Hence, these calculations can be performed
directly from the existing stress model developed for flexibility analysis. Equations used for performing Internal
Pressure Design as per EN 13480-3 (2017) are provided at the end of this tutorial for reference.

Once the layout of the stress model as shown in the above snap shots is completed, the internal pressure
design is performed through Layout window > Misc > Internal Pressure Design: EN 13480-3.

When executed, CAEPIPE automatically performs the pressure design calculations for Pipes, Elbows, Miters,
Bends and Reducers for the entire stress model and displays the results as shown below.

It is observed that the ratios Ufl and Uf2 are all less than 1.0, confirming that the Internal Pressure Design
requirements of EN 13480-3 (2017) code are met for this stress model.

74) - [InternalPressureDesign.mod (C:A\Tutorials\PressureDesign)]
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# [From |To |Element [Des.Temp|Des Press Al Stess (001 |0D2 | Cordll| Radius | Cone Angle | eal eal epl epd (]3] 12 ~
Type IC] [bar] [MAmm2) | [mm] | (] | (][] | (ded) ] ([mr] | (] | [om] | [eplfeal] | [ep2ieaZ)

1|10 (20 |Ebow |221 226 1328 355635561 356 5 B 44417 [4.4417 (0. 74 074
EB Bend 241 226 1328 355635561 356 5 B 44824 24943 (0.75 042
ERECED Pipe 241 226 1328 355635561 5 B 3.0003 | 3.0003 [0.50 050

4 (30 |0 [Ebow |221 226 1328 355635561 533 5 B IFNE|IFINE (D62 0E2

5 ] Bend 241 226 1328 355635561 533 5 B 3 74EB | 26225 (D62 044

5 |40 |=0 Pipe 241 226 1328 355635561 5 B 3.0003 | 3.0003 [0.50 050
EBERE Pipe 241 226 1328 355635561 5 B 3.0003 | 3.0003 [0.50 050

8 |e0 |70 [Ebow |22 226 1328 355635561 533 5 B IFNE|IFINE (D62 0E2
ER Bend 24 226 1328 355635561 533 g B 3 T4EE | 26225 (0.62 044
10|70 a0 [Ebow |22 226 1328 355635561 533 g B IFHE|IFI6 (062 062

19 ] Bend 24 226 1328 355635561 533 g B 3 T4EE | 26225 (0.62 044
FEEHERED Pipe 21 228 1328 355635661 g B 3.0003 | 3.0003 [0.50 050
13]e0 {100 Pipe 21 228 1328 3556 356.6(1 g B 3.0003 | 3.0003 [0.50 050
[14]100 |10 Fipe 221 226 1328 3556 35061 g E 30003 | 3.0003 (0.50 0.50
[15]120 |130 Fipe 221 226 1328 3556 35061 g E 30003 | 3.0003 (0.50 0.50
[15]140 |150 Fipe 221 226 1328 3556 35061 g E 30003 | 3.0003 (0.50 0.50
(171150 | 160 |Reducer | 221 226 1328 40E.4 ] 355,61 a8 B.7 E 342859 | 3.0003 (0.5 0.50
[18]180 |170 Fipe 221 226 1328 40E.4 | 406.4 |1 B.7 E7 34285 (34289 (051 051
[15]170 |120 Fipe 221 226 1328 40E.4 | 406.4 |1 B.7 E7 34285 (34289 (051 051
(200180 |190 |Reducer | 221 226 1328 406412181 |1 4B B.7 4.512514.4882 | 2.9254 [ 0.67 0.E5
(21190 200 Fipe 221 226 1328 218112181 |1 45125 4.5125(1.84586 [ 1.8486 (0.4 041 )

See the attached model “InternalPressureDesign.mod” for more details.
Step 3:

The results shown above can also be printed to the printer or to a file using the option File > Print.
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Internal Pressure Design: EN 13480-3 (2017) (74)
From To |Element Des.Temp |Des.Press|All.Stress OD1 |OD2 Cor.All|Radius|Cone Angle ea1 ea2 ept ep2 Uf1 uf2
Type (C) (bar) (N/mm2) | (mm) |(mm) (mm) |(mm) |(deg) (mm) |[(mm) [(mm) |(mm) |(ep1/eal) (ep2/ea2)
10 |20 |Elbow 221 226 132.8 355.6/355.6 1 356 6 6 4.4417 4.4417|0.74 0.74
Bend 221 226 132.8 355.6/355.6 1 356 6 |6 4.48242.4943/0.75 0.42
20 30 |Pipe 221 226 132.8 355.6/355.6 1 6 6 3.0003|3.0003 0.50 0.50
30 40 |Elbow |221 2286 1328  |355.6/355.6 1 533 6 6 3.73163.7316 | 0.62 10.62
|Bend 221 226 132.8 355.6/355.6 1 533 6 6 3.7468|2.62250.62 0.44
40 |50 |Pipe 221 22.6 132.8 355.6/355.6 1 6 6 3.0003/3.00030.50 0.50
50 |60 |Pipe 221 226 132.8 355.6/355.6 |1 6 6 3.0003/3.00030.50 0.50
60 70 |Elbow |221 226 132.8 355.6/355.6 | 1 533 6 |6 3.7316|3.73160.62 0.62
|Bend 221 22.6 132.8 355.6/355.6 1 533 6 \6 3.7468;2.6225 0.62 0.44
70 |80 |Elbow 221 226 132.8 355.6/355.6 1 533 6 |6 3.7316/3.73160.62 0.62
Bend 221 226 132.8 355.6/355.6 1 533 6 |6 3.7468|2.6225/0.62 0.44
80 |90 |Pipe 221 226 132.8 355.6|355.6 1 6 6 3.0003|3.0003|0.50 0.50
90 100 |Pipe 221 226 132.8 355.6/355.6| 1 6 6 3.0003/3.00030.50 0.50
100 110 Pipe 221 226 132.8 355.6/355.6| 1 6 6 3.00033.0003|0.50 0.50
120 130 |Pipe 221 22.6 132.8 355.6/355.6 1 6 6 3.0003/3.00030.50 0.50
140 150 |Pipe 221 226 132.8 355.6/355.6 1 6 |6 3.0003/3.00030.50 0.50
150 160  Reducer 221 226 132.8 406.4/355.6 1 8 67 |6 3.42893.0003 | 0.51 0.50
160 170 Pipe (221 226  |1328 406440641 | 67 |67 3428934280051 051
170 180 |Pipe  |221 226 132.8  |406.4/406.4 1 6.7 |67 3428934289051 051
180 190 |Reducer|221 22.6 132.8 406.4/219.1 1 46 6.7 |4.5125/4.48822.9294 |0.67 0.65
190 200 |Pipe 221 226 132.8 219.1/219.1/1 4.5125/4.5125/1.8486 | 1.8486|0.41 0.41
200 (210 |Elbow |221 22.6 132.8 219.1/219.1 1 305 4.5125|4.5125|2.3525|2.3525|0.52 0.52
| Bend 221 22.6 132.8 219.1/219.1 1 305 4.5125|4.5125|2.3634 | 1.6025 0.52 0.36
210 220 | Pipe 221 226 132.8 219.1/219.1 1 4.5125 4.5125|1.8486 | 1.8486 | 0.41 0.41
1000 1010 Elbow |221 22.6 132.8 355.6/355.6 1 356 6 |6 4.4417 4.4417/0.74 0.74
Bend 221 22.6 132.8 355.6 355.6%1 356 6 |6 4.4824;2.4943 0.75 0.42
1010 /1020 Pipe 221 226 132.8 355.6/355.6 1 6 |6 3.00033.0003 0.50 0.50
1020 1030 Elbow 221 226 132.8 355.6/355.6 1 533 6 |6 3.7316/3.73160.62 0.62
| Bend 221 226 132.8 355.6/355.6 1 533 6 |6 3.7468|2.62250.62 0.44
1030 | 1040  Pipe 221 22.6 132.8 355.6/355.6 1 6 6 3.0003/3.00030.50 0.50
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Caepipe Pressure Design (Internal) Page 2
Internal Pressure Design: EN 13480-3 (2017) (74)
From|To |Element Des.Temp Des.Press All.Stress| OD1 |OD2 |Cor.All|Radius|Cone Angle ea1 ea2 |epil ep2 |Uft uf2
Type (C) (bar) (N/mm2) |(mm) |(mm) (mm) |(mm) |(deg) (mm) |[(mm) [(mm) |(mm) |(ep1/eal) (ep2/ea2)
1040 | 1050  Pipe 221 226 132.8 355.6/355.6 1 6 6 3.00033.0003|0.50 0.50
1050 1060 Elbow 221 22.6 132.8 355.6/355.6 1 533 6 6 3.7316/3.73160.62 0.62
Bend 221 22.6 132.8 355.6/355.6 1 533 6 6 3.7468|2.62250.62 0.44
1060 1070 Elbow 221 22.6 132.8 355.6/355.6 1 533 6 6 3.7316|3.73160.62 0.62
Bend 221 226 132.8 355.6/355.6 1 533 6 6 3.7468|2.62250.62 0.44
1070 | 1080 Pipe 221 22.6 132.8 355.6/355.6 1 6 6 3.0003/3.00030.50 0.50
1080 | 1090  Pipe 221 226 132.8 355.6/355.6 1 6 6 3.0003/3.00030.50 0.50
1090 1100 Pipe 221 22.6 132.8 355.6/355.6 1 6 6 3.0003/3.0003/0.50 0.50
1110 /1120 Pipe 221 226 132.8 355.6/355.6 1 6 6 3.00033.0003|0.50 0.50
1130 | 1140 Pipe 221 226 132.8 355.6/355.6 1 6 6 3.0003/3.00030.50 0.50
1140 1150 Reducer 221 226 132.8 406.4|355.6 1 8 6.7 6 3.42893.0003 0.51 0.50
1150 | 1160 Pipe 221 226 132.8 406.4406.4 1 6.7 6.7 3.42893.4289|0.51 0.51
1160 | 1170 Pipe 221 226 132.8 406.4/406.4 1 6.7 6.7 3.4289/3.42890.51 0.51
1170 1180 Reducer|221 22.6 132.8 406.4/219.1 1 46 6.7 4.51254.4882/2.9294|0.67 0.65
1180 | 1190 Pipe 221 22.6 132.8 219.1/219.1 1 45125 4.5125/1.8486|1.8486 | 0.41 0.41
1190 /1200 Elbow 221 22.6 132.8 219.1/219.1 /1 305 4.5125/4.51252.3525|2.3525|0.52 0.52
Bend 221 226 132.8 219.1|219.1{1 305 4.5125/4.51252.3634|1.6025|0.52 0.36
1200 1210 Elbow |221 226 132.8 219.1219.1|1 305 4.5125/4.5125|2.35252.3525|0.52 0.52
Bend 221 22.6 132.8 219.12191|1 305 4.5125/4.5125|2.3634 | 1.6025|0.52 0.36
1210 | 1220 Pipe 221 22.6 132.8 219.1/219.1 1 4.5125 4.5125/1.8486|1.8486 | 0.41 0.41
170 1600 Pipe 221 226 132.8 406.4406.4 1 6.7 6.7 3.4289/3.42890.51 0.51
1600 1610 Elbow 221 226 132.8 406.4406.4 1 610 6.7 6.7 4.2629 4.2629|0.64 0.64
Bend 221 22.6 132.8 406.4/406.4 1 610 6.7 6.7 4.2803/2.9976|0.64 0.45
1610 | 1620 Pipe 221 22.6 132.8 406.4/406.4 1 6.7 6.7 3.4289/3.42890.51 0.51
1160 | 1850 Pipe 221 22.6 132.8 406.4/406.4 1 6.7 6.7 3.4289/3.4289/0.51 0.51
1620 | 1800 Reducer 221 226 132.8 508 |406.4 1 18 8.625 6.7 4.28613.7079|0.50 0.55
1800 | 1810 Pipe 221 226 132.8 508 |508 |1 8.625 8.625 4.2861|4.2861 0.50 0.50
1810 /1820 Pipe 221 226 132.8 508 |508 |1 8.625 8.625 4.2861|4.2861 0.50 0.50
1820 | 1830 Pipe 221 226 132.8 508 |508 |1 8.625 8.625 4.2861|4.2861 0.50 0.50
1830 | 1840 Pipe 221 22.6 132.8 508 |508 |1 8.625 8.625 4.2861|4.28610.50 0.50
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Caepipe Pressure Design (Internal) Page 3
Internal Pressure Design: EN 13480-3 (2017) (74)
From|To |Element Des.Temp Des.Press All.Stress OD1 |OD2 |Cor.All|Radius|Cone Angle ea1 ea2 |epil ep2 Uf1 uf2
Type (C) (bar) (N/mm2) |(mm) |(mm) (mm) |(mm) |(deg) (mm) |(mm) |[(mm) |(mm) |(epi/eal) (ep2/ea2)
1840 1850 Pipe 221 226 132.8 508 |508 |1 8.625 8.625 4.2861|4.2861 0.50 0.50
1850 | 1860  Pipe 221 226 132.8 508 |508 |1 8.625 8.625 4.2861|4.2861 0.50 0.50
1860 1870 Elbow 221 226 132.8 508 |508 |1 762 8.625 8.625 5.3297|5.3297 0.62 0.62
Bend 221 226 132.8 508 |508 |1 762 8.625 |8.625 5.3514|3.7467 0.62 0.43
1870 | 1880 | Pipe 221 226 132.8 508 (508 |1 8.625 |8.625 |4.2861 4.2861|0.50 0.50
1880 1890 Elbow |221 22.6 132.8 508 |508 1 762 8.625 8.625 |5.3297 5.3297|0.62 0.62
|Bend 221 22.6 132.8 508 |508 |1 762 8.625 8.625 |5.3514 3.7467|0.62 0.43
1890 1900 Elbow 221 226 132.8 508 |508 |1 762 8.625 8.625 5.3297|5.3297 0.62 0.62
Bend 221 226 132.8 508 |508 |1 762 8.625 8.625 5.3514|3.7467 0.62 0.43
1900 1910 |Elbow |221 22.6 132.8 508 (508 |1 762 8.625 8.625 |5.3297 5.3297|0.62 0.62
Bend 221 226 132.8 508 |508 |1 762 8.625 8.625 |5.3514|3.7467 0.62 0.43
1910 /1920 Elbow 221 22.6 132.8 508 |508 |1 762 8.625 |8.625 5.3297|5.3297 0.62 0.62
Bend 221 226 132.8 508 |508 |1 762 8.625 8.625 5.3514|3.7467 0.62 0.43
1920 | 1930 Pipe 221 22.6 132.8 508 |508 |1 8.625 8.625 4.2861|4.2861 0.50 0.50
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Tutorial on External Pressure Design of Pipe and Pipe Fittings

External Pressure Design module will function ONLY when the stress layout is defined with negative pressure
(such as vacuum pressure).

This module first calculates collapse pressure (same as buckling pressure), which is a function of span length
“L” between the stiffeners placed on the piping (shown in figures below). Since the collapse (buckling) mode
of deformation for a pipe element between two adjacent stiffeners is restrained by these stiffeners, shorter the
span length L between the stiffeners, higher the collapse (buckling) pressure.

The External Pressure Design module assumes that a stiffener is located at each node of the CAEPIPE
model. Hence, ensure that nodes are defined in CAEPIPE model only at locations where the stiffeners are
attached to the piping. Even nodes where flanges or certain types of supports that restrain the collapse
(buckling) mode of deformation should be included as “stiffener locations”. All other nodes at which the
collapse (buckling) mode of deformation is not restrained (such as resting supports) should not be included in
the CAEPIPE model for external pressure design calculations. In other words, the CAEPIPE stress model
(that was developed for flexibility analysis) needs to be edited before performing the external pressure design.
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Step 1:

The procedure given below will help in retaining ONLY those nodes of the CAEPIPE stress model (originally
developed for flexibility analysis) prior to External Pressure Design calculations.

e Create a copy of the existing CAEPIPE stress model (developed for flexibility analysis).

e At whichever node the collapse (buckling) mode of deformation is NOT restrained, navigate to that
element node in the layout window and use the option “Combine...” through Layout window > Edit.
This action will remove that node by combining the two adjacent elements.

e Repeat Step 2 above and remove all other nodes where there are NO stiffeners or flanges or
supports [that restrain the collapse (buckling) mode] defined.

e Upon completion, save the model.

Snap shots shown below present a sample model developed to show the External Pressure Design
calculations performed by CAEPIPE. As stated above, a copy of the original stress model was made and the
model has been edited to include only those nodes on pipe where stiffeners, flanges and supports (that are
equivalent to stiffeners from the point of view of restraining collapse mode of deformation) are attached.

Bl == Caepipe: Graphics - [ExternalPressureDesign.mod (C\Tutorials\Pre..  — O
File Edit View Options Loads Misc Window Help File View Options Window Help
I SFEs BEDHR (s BE@RAQOBH
# [Node|Twpe [0 (mm) | D (mm) | DZ [rom) [ Matl| Sect [ Load [ D ata ) . ¥ooA
1 [Title = Sample Problem 2 - z :J
2 |0 Fram Mozzle
3 |0 200 A2 (10 (L1 [Flange
ERED 2500 A2 (10 |n
5 |40 2500 nz | |u
& |=0 2500 Az 0|0
7 |60 |Bend 600 A2 (10|01
5 |7 500 1z |10 |L1
ERE: 1800 Az 0|0
10] 20 1800 A2 (10|01
11100 1800 nz | |u
12|10 | Berd E00 Az 0|0
13120 600 A2 (10|01
14130 1820 nz | |u
15140 1820 A2 (10 (L1 [Flange
165|150 |valve E223 312|110 |L1  |Flange
17| 180 300 N2 |10 (L1 [welding tee
12170 300 Az (10U
139|180 | Reducer 530 2|8 L1
"20]190 2100 Nz |8 L1 |Anchor
21| B Branch
(22| 160 |Fiom
23] 200 -1000 2|6 L1
E 210 -400 N2 B L1 [Flange .
E 220 |Vale |-403.23 N2 |6 L1 [Flange v il < >




*i* Caepipe: Pipe Sections (3) - [ExternalPressureDesign.mod (C:\Tuterials\PressureDesign)]
File Edit Options Help

D& EH e

Sch (OD Thik Coral [M.Tal | Ins.Dens | Ing. Thk | LinDens | Lin.Thk | Soil
[rn] | () [ () (%] | [kgdm3] | [mm) [kg/m3] | [mm)

STD | 168.27 (7112 1762 |65
STD | 219.07 (81788 1762 |65
STD | 27305 [9.27 1762 |65

=" Caepipe : Loads (2) - [ExternalPressure utorials\02_PressureDesign)]
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Desg.T | Desa.Pr. | Specific | AddWat. |Wind |Wind |Wind |Wind
[bat] (C) [bar) gravity |(kg/m) |Load1|Load 2 |Load 3 |Load 4

-1.00(185 (100 01 Y
1.00(260 (320 0.1 Ay

‘\Tutorials\PressureDesign)]
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&

H# [Mame Description | Ty [Density |[Hu  |Joint [ # |Temp (E Alpha Allowable ™
pe | [ka/m3] factor ICl [MPa] | [mmdmmAT] | [MPa)

1 [Biz A312 TPIIE |AS |802F |03 |1.00 |1 |-28.89|197673|14.90E6 |137.9

2 |2 |37.78 [193950 |15.4666  |137.9

B |3 |93.33 [189606 [16.02E-6 1193

T |4 |148.9 [196159 |16.56E-6 | 1076

B |5 |204.4 [182022|17.10E-6 | 3860

B |6 |z60 |[17m574|17.4666 | 3170

B |7 | 3156 [174437 178266 |36.97

B '8 |343.3 [172714 [17.91E6 |24

B '3 |371.1 [170990 [18.00E-6 | 83.43

B 10| 398.9 168577 [18.09E-6 | 8205

B 11| 426.7 [166164 18,1966 | 8136

B 12| 454.4 [164095 [18.276-6 | 79.98

B 13| 482.2 [162027 [18.36E-6 | 79.29

B [12|510 [199614 |18.4566 | 7260 y

File Edit Optiens Help

Bend [Radius [Rad. [ Thk [Bend |FlewF |SIF [Int.  |Angle|Int.  [Angle
Mode ([mm] | Twpe | [mmm) [ Mat Mode | [deg) |Maode | [deq)

60 [B21  |Long
1o (381 Long
230 |2286 |Long
260 |2206 |Long
00 |228E |Long

== Caepipe: Reducers (1) - [ExternalPressureDesign.mod ( ori ureDesign)]
File Edit Options Help

l 0GR ==

From|To | OD1 Thk1 |0D2 |Thk2 |Cone angle
fmm) | {mm] | [mm] | (mm) | (deq)

1 (170 |180 |Brans]|a.27 | 219.07 81733




Step 2:

Once the layout of the stress model as shown in the above snap shots is completed, the external pressure
design is performed through Layout window > Misc > External Pressure Design: EN 13480-3.

When executed, CAEPIPE automatically performs the external pressure design calculations for Pipes, Miters,
Elbows, Bends and Reducers for the entire stress model and displays the results as shown below.

It is observed that the ratio [P/(KP.)] is much higher than 1.0 throughout the stress model, confirming that the
collapse (buckling) pressures P, calculated for all segments of the stress model are much higher than the
corresponding peak negative pressures specified in the CAEPIPE model. In other words, the potential for any segment of
this piping system to collapse (buckle) is very minimal.

=i= Caepipe: External Pressure Design: EN 13480-3 (2017) (353) - [ExternalPressureDesign.mod (C\Tutorials\PressureDesign)]

File Options Window Help

#t |From |To |Element | Temp | Press [Pc] | AllStress [Yield |E 001 (0OD2 |Thkl [Thk2 |Cordll|Radius |Length |ConeAngle |Pr  |K.Pc I= Ixa ~
Type ] [bar] [MPa) [MPa] | (MPa) | () (] | (rare) | (reea] [ [eame] [ (eora] | e [deq) [bar] | [bar] | [Prsk.Pe] [ (mnnd] | [rmmd]

1 |10 |20 |Pipe 185 (1.00 0.7 165.5 | 183470 273.05 | 273.05]9.271 (9.271 |0 200 111 |1.500 | 74.33

2 20 | Pipe 185 (1.00 10M.7 165.5 | 183470 | 273.05 [ 273.05]9.271 [9.271 |0 2500 79.8(1.50 |53.23

EERET Pipe 185 (1.00 1m.7 165.5 | 193470 | 273.05 | 273.059]9.271 (9.271 |0 2500 79.8(1.50 |53.23

4 |a0 |=0 Pipe 185 (1.00 1m.7 165.5 | 183470 | 273.05 (2730509271 (9.271 |0 2500 79.8(1.50 |53.23

BERED Pipe 185 (1.00 1m.7 165.5 | 183470 | 273.05 [ 273.05]9.271 (9.271 |0 219 111 |1.50 | 74.33

6 [504 |60B |Ebow |185 |1.00 1m.7 165.5 | 183470 | 273,05 [ 273.05]9.271 (9.271 |0 s 912926 97.3|1.50 | 64.88

7 |s0B |70 Pipe 185 (1.00 1m.7 1B5.5 | 183470 | 273,05 [ 273.05]9.271 (9.271 |0 219 111 |1.50 | 74.33

5 (70 a0 Pipe 185 (1.00 10M.7 165.5 | 183470 | 273.05 [ 273.05]9.271 [9.271 |0 1800 21.1|1.50 | 54.05

5 |a0 |=0 Pipe 185 (1.00 1m.7 165.5 | 183470 | 273.05 | 273.05]9.271 [9.271 |0 1800 81.1|1.50 | 54.05

10|a0 100 Pipe 185 (1.00 1m.7 165.5 | 183470 | 273.05 (2730509271 (9.271 |0 1800 81.1(1.50 | 54.05

11100 |10 Pipe 185 (1.00 1m.7 165.5 | 183470 | 273.05 (27305809271 (9.271 |0 219 111 |1.50 | 74.33

12[1108 1108 [Ebow  |185 |1.00 1m.7 165.5 | 183470 | 273,05 [ 273.05]9.271 (9.271 |0 s 912926 97.3|1.50 | 64.88

13 [1108 120 Pipe 185 (1.00 1m.7 1B5.5 | 183470 | 273,05 (273059271 (9.271 |0 19 111 |1.50 | 74.33

14]120 |130 Pipe 185 (1.00 10M.7 165.5 | 183470 | 273.05 [ 273.05]9.271 [9.271 |0 1820 21.0(1.50 | 54.00

"15[130 [140 Pipe 185 (1.00 1m.7 165.5 | 183470 | 273.05 | 273.05]9.271 [9.271 |0 1820 81.0(1.50 | 54.00

165|150 [160 Pipe 185 (1.00 1m.7 165.5 | 183470 | 273.05 (2730509271 (9.271 |0 300 111 |1.50 | 74.33

17 |160 [170 Pipe 185 (1.00 1m.7 165.5 | 183470 | 273.05 (27305809271 (9.271 |0 300 111 |1.50 | 74.33

12[170 |190 |Reducer|185 |1.00 1m.7 165.5 | 183470 | 273,05 [ 219.07|9.271 81788 |0 530 129 (1.50|85.97 748545 | 4.0901E+6

13180 |190 Pipe 185 (1.00 1m.7 165.5 | 183470 219.07 [ 219.07 | 81788 | 8.1788 |0 2100 94.5(1.50 |£3.02

"20(160 |200 Pipe 185 (1.00 10M.7 165.5 | 183470 (168,27 [168.27 | 7. 112 |7.112 |0 1000 118 |1.50 | 78.44

21200 210 Pipe 185 (1.00 1m.7 165.5 | 183470 168.27 [168.27 | 7. 112 |7.112 |0 400 136 |1.50 |90.35

FEERED Pipe 260 (1.00 91.70 165.5 | 178574 [ 168.27 [168.27 | 7. 112 |7.112 |0 26.3999 140 |1.50|93.33

23| 2304 | 2308 |Ebow  [260 [1.00 91.70 165.5 | 178574 [168.27 [168.27 | 7112 7112 |0 2286 [491.243 128 |1.50 |85.43

24| 2308 | 240 Pipe 280 (1.00 91.70 165.5 | 178574 [168.27 [168.27 | 7112 7112 |0 2714 140 |1.50 | 93.33

25240 | 250 Pipe 280 (1.00 91.70 165.5 | 178574 [168.27 [168.27 | 7112 7112 |0 1800 115 |1.50 | 76.74

265|250 | 260 Pipe 280 (1.00 91.70 165.5 | 178574 [168.27 [168.27 |7 112 |7.112 |0 271.4 140 |1.50|93.33

27| 2500 | 2608 |Elbow  [260 [1.00 91.70 165.5 | 178574 [168.27 [ 166.27 | 7. 112 |7.112 |0 2286 [491.243 128 [1.50 |85.43 w7

Step 3:

The results shown above can also be printed to the printer or to a file using the option File > Print.

Print External Pressure Design: EN 13480-3 (...

Printer

Teut Printer

HP Dfficejet Pro 8520 [514348)

Page setup Orientation : Portrait
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Font Avrial, 10 paint

Prirtt | Cancel | Presview Frint ta File:
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Design of pipe and pipe fittings under internal pressure
according to EN 13480-3 (2017)
Straight Pipes

The minimum required wall thickness for a straight pipe without allowances and tolerances, ep, is calculated
from equation 6.1-1 and 6.1-3 depending on the ratio between inner and outer diameter as follows:
For D/D; <= 1.7
PCDO
Y )

For D,/D; > 1.7

& 1 fz_pc
2

= ~ |fz+p.

where,

D, = outside diameter of pipe

D; = inside diameter of pipe = Do -2 x e,

e, = nominal wall thickness of pipe

f = Allowable stress for material at maximum temperature

z = weld efficiency factor = 1.0

pc. = maximum internal pressure = maximum of CAEPIPE input pressures P1 through P10

€, = minimum required wall thickness

Elbows

The minimum required wall thickness of the intrados and the extrados of the elbow without allowances and
tolerances, epl / ep2, is calculated from equation B.4.1-3

epl=ep2=eB
Dy R [DO R]Z R D,
T2 e 2e e e 2e

where

D, = outside diameter of elbow

e = minimum required wall thickness of corresponding straight pipe computed as per Eq. 6.1-1 or 6.1-3
R = radius of the elbow

epl = ep2 = minimum required wall thickness of the elbow

Bends (formed by cold bending of straight pipes)
Wall thickness of the intrados of the bend

The minimum required wall thickness of the intrados of the bend without allowances and tolerances, epl, is
calculated from equation B.4.1-1

epl=e. By

11



Dy, r [&_{_r

B = %-{_E_ 2e e_l] (ﬁ)z_&(&—l)

r/e is calculated from

O RO 2
e 2(\2e e 4\\2e e Z2e \2Ze e
where
D, = outside diameter of bend
D; = inside diameter of bend = Do - 2 x e,
e = minimum required wall thickness of corresponding straight pipe computed as per Eq. 6.1-1 or 6.1-3
R = radius of the bend

€1 = minimum required wall thickness of the intrados

Wall thickness of the extrados of the bend

The minimum required wall thickness of the extrados of the bend without allowances and tolerances, ep2, is
calculated from equation B.4.1-8

ep2=e.Bg
2
= D[Pt ) ) -G
et 2e 2e e (1)2_&(D__1)

r/e is calculated from

r 1(/D,\* (R\* 1//D,\* (R\* D, (D, R\*
= BG) @) 1+ (3G + (@) ) ~2G-1)E)
e 2 (\2e e 4\\2e e 2e \2e e
where
D, = outside diameter of bend
D; = inside diameter of bend = Do -2 x e,
e = minimum required wall thickness of corresponding straight pipe computed as per Eq. 6.1-1 or 6.1-3
R = radius of the bend

€2 = minimum required wall thickness of the extrados

12



Reducers

Junction between the large end of a cone and a cylinder without a knuckle

The minimum required wall thickness (e;) of the larger cylinder adjacent to the junction is calculated from

Subsection 6.4.6.2 as the greater of e, and e; where g; is determined from

1 |D, tanx
B=7 [--———=—-015 (Eq.6.4.6 — 2)
3% 1+
VCOS X
e = p%;fc (Eq.6.4.6 — 1)

The value of g; is acceptable, if the value given by Eq. 6.4.6-1 is not less than that assumed in Eg. 6.4.6-2

ey = —FPe 1 (Eq.6.4.4 —2)
con 2fZ+pCCOS(a) q.0.4.

o= PcDos
cyl 2fZ+p¢

e, = thickness of larger cylinder = max(ej, ecy;)
e3 = thickness of cone shell = max(ej, econ)

where

D, = outside diameter of the cone

Do; = outside diameter of the larger cylinder

Do, = outside diameter of the small cylinder

D, = mean diameter of the larger cylinder at the junction with the cone = Dy, - e,
e, = nominal wall thickness of the larger cylinder at the junction with the cone

« = cone angle

e; = minimum required wall thickness for larger cylinder adjacent to the junction.
€3 = minimum required wall thickness at cone.

f = Allowable stress for material at maximum temperature

pe. = maximum internal pressure = maximum of CAEPIPE input pressures P1 through P10

Z = weld efficiency factor = 1.0

13



Junction between the small end of a cone and a cylinder without a knuckle

The minimum required wall thickness (e,) of the small cylinder adjacent to the junction is calculated according
to Subsection 6.4.8.2 as follows.
€3

s= —

&

With e; already determined in the earlier section, assume value of ej, and calculate the values of s, and S
When s < 1.0, then

_ S 1+s2
e cos X 2
When s >= 1.0, then
1+ s?
=1 s
2c0s x
D, tan x
By =04 |— 0.5 (Eq. 6.4.8—4)
ejz
pCDCBH
iy = ——— Eq.6.48 — 5
The value of g, is acceptable, if the value given by Eq. 6.4.8-5 is not less than that assumed for Eq. 6.4.8-4
e = pcDo
27 +pe
e, = max(ejz, ecyr)
where

Doz = outside diameter of the small cylinder at the junction with the cone

D. = mean diameter of the small cylinder at the junction with the cone = Dy, - e,

e, = nominal wall thickness of the small cylinder at the junction with the cone

« = cone angle

e, = minimum required wall thickness of the small cylinder at the junction with the cone

f = Allowable stress for material at maximum temperature

pe. = maximum internal pressure = maximum of CAEPIPE input pressures P1 through P10

Z = weld efficiency factor = 1.0

14



Design of pipe and pipe fittings under external pressure

according to EN 13480-3 (2017)
Pipes, Elbows, Mitre Bends and Reducers
Interstiffener collapse

The thickness of the pipe within the unstiffened length L shall not be less than that determined by the
following.

P. > k.P.
Se,
y - Rm
_ Eteae
B, = R

( \.

! ! ! o ( 1+22)2$

&= n..,z —
VAR W ) 2" 12R 5, cyl

Meyiz =1+ 5 t( o+ 1) m*(1-v?) J

TR,
L

using the calculated value of Pm/Py, Pr/Py is determined from Table 9.3.2.1 of Subsection 9.3.2
where
Ney = integer >= 2 to minimize the value of Py,
R, = mean radius of the pipe
L = length between the stiffener, is calculated from CAEPIPE input as follows
for Pipe, L = length of pipe (= distance between the “From” and “To” node of CAEPIPE)
for EIbow and Miter bend, L = arc length measured on extrados of elbow and miter bend
for Reducer, L = Length of the reducer
E: = Young’s modulus of material at design temperature (max of CAEPIPE Temperature T1 through T10)
e, = analysis thickness of reducer at smaller end = e,, — corr.all — mill tolerance
e, = nominal thickness of reducer at smaller end
k = factor = 1.5
P. = external pressure = maximum negative CAEPIPE input pressures P1 through P10
S = elastic stress limits for pipe and stiffener

= Rpo2; for non-austenitic steels

= (Rpo.2: / 1.25) for austenitic steels
Rpo.2,: = minimum 0.2% proof strength at temperature of pipe

=’ for EN 13480 code and

= “Allowable stress” at temperature of pipe for other codes

15



Additional check for Reducers

In addition to the above, as stated in Subsection 9.4.2 of EN 13480-3, the moment of inertia, I, taken parallel
to the axis of the cylinder, of the part of the cone and cylinder with a distance of ,/D,,.e on either side of the
junction is not less than:

I, = 0.18D, LDZpC

- Ixa

where

D1+Dy
2

cos(a)

D1 = outside diameter of larger end of reducer

Deq = equivalent diameter =

D2 = outside diameter of smaller end of reducer
a = cone angle of reducer input in CAEPIPE
lxa = moment of inertia of reducer at smaller end

Ds = diameter of the centroid of the moment of inertia of the stiffening cross section calculated as shown
below

2 D 2

cone - (\/ Deqel 61)< mcon) Acone)( mzcon)
D 2
ICyl - (\/ Deqez 62)< mcyl) - (Acyl)< n;cyl)

2
D 2
Isthf = (Acone + Acyl) (7)

From the above,

Leone + ICyl = Istiff

and

Istiff
(Acone + Acyl)

el = analysis thickness of reducer at larger end = e,,; — corr.all — mill tolerance

Dy =

e2 = analysis thickness of reducer at smaller end = e,,, — corr.all — mill tolerance
en1 = nominal thickness of reducer at larger end

e,2 = nominal thickness of reducer at smaller end
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