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Working with a single module in pressure
vessel design

Program start

The basic features and the graphical interface are identical in all strength calculation modules. Start the
strength calculation program and select the 'ENO7' module in the tree view. In the next window select

‘cylindrical shell' as construction type.

I icemeed b0, Werlahrenstechitk Licenee Ne 280080 honmesimaehssvistiel
Module Feezing

* -F: € — Search for keyword

Start Prices ‘ Keyword, 1 _.EE'E.U I
— Show
| ¥ Fulkicence |l

AD section B
European Standard EN 13445-3
: Flanges according te EN 13445-3:2010-12 Chap. 11
Shells under internal pressure DIN EN 13445-3/7:3010-12 ‘and EN14025:2008
Shells under external pressure DIN EN 13445-3/7 edition 2010-12
Openings in spherical and cylindrical shells EN 13445-3/9:2010-12 + EN14025:2008-08
: Flat ends DIN EN 13445-3/10, 2010-12
: EN 13445-3/13.4 U-Tubesheets EN 13445-3:2010-12
13445-3/13.5 Fixed tubesheets EN 13445-3:2010-12
EN 13445-3/13.6 Floating tubesheets EN 13445-3:2010-12
Rectangular pressure vessels EN13445-3/15:2010-12
Vertical wvessels on brackets DIN EN 13445-3/16.10:2010-12
: Vessels on supporting legs DIN EN 13445-3/16.11:2010-12
: Vertical vessels on skirt support EN 13445-3/16.12:2010-12
Global Loads acc. EN 13445-3/16.14:2010-12
: Local loads on mozzles in spherical shells DIN EN 13445-3/16.4:2010-12
: Local loads on nozzles in ¢ylindrical shells DIN EN 13445-3/16.5:2010-12
De=zign of horizontal vessels on saddles EN 13445-3/16.8:2010-02
SBimplified fatigue live assessment EN 13445-3/Chapter 17:2010-12
Detailed fatigue live assessment EN 13445-3/Chapter 18:2010-12
: Reinforcements for flat walls or round ends EN 13445-3/20/21:2010-12
[ European Standard EN 13480
[ AD section 5

m

| Activates this module as a new chapter

EN 13445 Program start o 3




Input of design data

Enter your design and material data into the input mask. Input values are printed in black and calculated
values are printed in blue.

8 *Lauterbach Verfahrenstechnik EI =] @
File ATLAS Module Options VDI-Heat Atlas Feezing Language Help
0ldEw| 8o~ ==aHmS el
Shellz under intemnal pressure
DIN EN 134453/7:2010-12 and EM14026:2003-08
Lauterbach Werfshrenstechrik
Weld factor (= L acc. EN 14025) z 1 j
Material:
Material designation Number 1.0345
Wall thinning allowance ée 04 mm
Corrosion allowance € 1 mm
Thinning allowance during manufacturing am 0 mm
Sum of allowances E(8) 1.4 mm
Material strength (Re. Rp. Rm} K 207 N/mm?
Safety factor acc. EN 13445 S 1.5
Allowable stress f 138 N/mm?
— Result
Inside diameter Di 592.8 mm
Mean diameter Dm 596.4 mm
Geometrical ratio eiDe 0.004314
Analysis thickness en- E(8§) ea 3.6 mm
Required thickness e 2.589 mm
Required thickness with allowances ed 3.989 mm
Maximum permissible pressure Pmax 16.66 bar
Load case Operation
The strength condition is valid
The geometrical condition is valid
The design is adequate for EN13445-3 requirements

Selecting the material

Enter the material number 1.0345 into the material field:

u *Lauterbach Verfahrenstechnik
File ATLAS Module Options VDI-Heat Atlas Feezing Language Help
D|=|@|S[m]| 5|o|o| =|=HeD| v ol

Shells under internal pressure

DIM EM 13445-3/7:2010-12 and EM14025: 2008-08
Lauterbach Yerfahrenstechnik

1.4.2 Cylindrical shells under internal pressure

Regulation (0=EN13445-3, 1=EN14025) TFZ 0 (0.1)
EM 13445-3: Unfired pressure vessels
Load case: Operation =1/ Test=2 lc 112
Calculation temperature t 120 °C
Calculation pressure P 12 bar
Final wall thickness acc. drawing en 5 mm
Outside diameter De 600 mm
Weld factor (= & acc. EN 14025) z
Material:
Material designation Number
Wall thinning allowance e Material code []
Corrasion allowance c mim
Thinning allowance during manufacturing &m 0 mm
Sum of allowances (8) mm
Material strength (Re, Rp, Rm) K N/mm?
Safety factor acc. EN 13445 S
Allowable stress f Nfmm?

In the next field select the plate according EN 10028-2:2009 by double-click:

4 « Input of design data EN 13445



- B Material-Server: C:\P;oglam FFSI\LV\Fesf\werkdata.mdb: 4696 records

File Material Documentation Results

-Select an item by Double-Click!

Options  View Info

Help

- Searching for:

[1.0345

oK

d

1.0345 = H [ ASME; Plate; - DIM 17155
1.0345 = P235GH: AD W-4:2005; AD W-4, Pipe

1.0345 = P235GH: EN 10028-2:2009; Plate
1.0345 = P235GH:
1.0345 = P235GH:
1.0345=P235GH:
1.0345 = P235GH:
1.0345 = P235GH:
1.0345 = P235GH:
1.0345 = P235GH:
1.0345 = P235GH:

EN

EN

1.0345 = P235GH: EN 10028-2:1992; AD W-1; Plate
1.0345 = P235GH: EN 10028-2:1992; AD W-1; Plate

Operation: K = 207,60 Nmn?

Test

Fegulation: |_
Specific.: [EM 10028-2:2009
Product: [Blech / Flate
EN 10028-2:2030; AD W-1; Plate T Matrumber  [{0345
10028-2:2009; TRD 101; Plate i
ENSelect with doubleclickless pipe ot name: [P23EGH
102716-2:2004; AD W-12: Seamless pipe Id.-nr.: 3895
EM 10216-2:2004; AD W-4; Seamless pipe T Shength val ]20?'00 M
EN 10217-2; Welded pipe Hoiss. F
EN 10217-2; AD W-12; Welded pipe SR
EN 10217-2; AD W-4: Welded pipe - PR
Pressure: 12.00 biar
Temperature: (120,00 T
— Dimenzions -
Thickness: 5.00 mm
Diarneter: 500,00 mrm
|EM = 205,40 kN/mne s =150 [12E0+1E6 C
| = 235,00 Mdme? |EM = 212,00 kN /e |s=1,08 11,90+ 1E6/C
|Density=7.85 * ka/dn? |Reenrnin, =360,00 N /mn# |E1=0.40 mm |£2 =100 mm

8D 10 bis -10/-60/-85°C |

BN
- Plate

The regulation

The material

The standard

The material number

PobpE

Please make sure that the options 'Safety factors according EN 13445’

a new start:

- EN 10028-2:2009
- 1.0345

+ LV Material-Server: C\Program Files\LV\Fest\werkdata.mdb; 4696 records

File Material Documentation Results

Options | View Info Help

Select an item by Double-Click!
Searching for:

Override error messages

Disable message: "Strength value not found”

|1.0245
1.0345 —H I ASME. Plate. - DIN 17155 v Adapt regulation options automatically according to module
1.0345 = P235GH: AD W-4:2005; AD W-4; Use always regulation options as specified in the windows registry
1.0345 = P235GH: EN 10028-2:1992; AD
1.0345 = P235GH: EN 10028-2:1992; AD Allowable stress according te AD 2000, B0
1.0345 = P235GH: EN 10028-2:2009; Pl Creep properties acc, AD-56 (10-year concept)
1.0345 = P235GH: EN 10028-2:2009; AD )
1.0345 = P235GH: EN 10028-2:2009; TR Creep properties acc. AD-56 (200 000h)
1.0345 = P235GH: EN 10216-2:2004; Se No interpolation between 0 and 49°C (only AD/TRD)
1.0345 = P235GH: EN 10216-2:2004; AD
1.0345 = P235GH: EN 10216-2-2004- AD No interpolation between 0 and 50°C (only AD/TRD)
1.0345 = P235GH: EN 10217-2; Welded Mo interpolation between 100 and 120°C (only AD/TRD)
1.0345 = P235GH: EN 10217-2; AD W-12
1.0345 = P235GH EN 10217-2AD W-4. | v | Allowable stress according EN 13443
v | Consider creep properties acc. EN13445
Allowable stress + creep properties according TRD
Reduction factor 0.8 for creep strength
Mechanical and creep properties acc. EN 13480
Safety factors for pressure shock acc, VDI 2263
Apply heat treatment diameter
Operation: =
peration:  Kal A i Message for strength values in creep range activated
Test [ = 2330 Wi Show tabulated material properties
Density=7 85 * k v Calculation mask visible
D 10 biz 10 v Return immediately
Client data base
Stress evaluation acc. KAH
Delete evaluation acc. KAH
I\«} Save Options
P

EN 13445

Selecting the material « 5

is activated and save the options for




By clicking the button 'Update strength’ , the material data are updated on the mask. The button

Documentation shows a detailed material documentation with characteristic values and comments
from the according regulations.

[ Material documentation Eil

File: Close-Window

Lauterbach Verfahrenstechnik - Material documentation A

Firm: Company name not specified
Topic: Shell / SUIR
Date: 2010.Rug.S

Material specification:

Regulation: - Spec. No.: EN 10028-2:2005Product: Blech / Plate
Material code: 1.0345 Short name: F235GH

Design conditions and dimensions:

m

Temperature [“CI: 1z0 Pressure [barl: 1
Thickness [mm]: 5 Cutside diametver [mm]: &00

Material values for test and design conditions:

Test condition Operating condition
iNominal design strength [N/mm®]: 235,00 207,80
Safety factor: 1,05 1,50
21lowsble stress [N/mm®]: 223,81 138,40 i
Modulus of elasticity [kN/mm*=]: 212 205,4
Wzll thickness tolerance [mm]: 0,40 acc. to EN 10025 Clasa A

Creep rupture strength for 100000 h [N/mm=]:
Creep rupture strength for 200000 h [N/mm®]:

{EN 10028-2 - Table 3 (in parts):

Thickness - -|Thickness - -|Tensile str|Tensile str|Elastic lim|Strain a2t clnoteh impac|notch impac

----------- = = 1 - = 0 et
min oo e fmage < =rn —ooes bmin oo fmage < =rn —oes ottt D PR & Amin) - | mrme e | e e
. g e ats S |N/mme < - |/ - - - |N/mme < - 1% min------ 1*c (T et
L LG e [360 e 1480 e 1235 e T [EEm |

By clicking the OK button, the material values are transferred to the input mask and the program switches
back.

6 ¢ Selecting the material EN 13445



Calculation

Enter the missing data. Each input value leads to possible calculations, which are performed immediately. For
example after having entered the material code, the analys wall thickness ea is calculated at once.

1.4.2 Cylindrical shells under internal pressure
Regulation (0=EN13445-3. 1=EN14025) TFZ 0 (0.1)
EN 13445-3: Unfired pressure vessels
Load case: Operation =1/ Test =2 Ic 112
Calculation temperature t 120 °C
Calculation pressure P 12 bar
Final wall thickness acc. drawing en 5 mm
Outside diameter De 600 mm
Weld factor (= i acc. EN 14025) z
Material:
IMaterial designation Mumber 1.0345
Wall thinning allowance de 0.4 mm
Corrosion allowance c 1 mm
Thinning allowance during manufacturing im 0 mm
Sum of allowances Z(38) 1.4 mm
Material strength (Re. Rp, Rm) K 207 Nimm?
Safety factor acc. EN 13445 S 1.5 I
Allowable stress f 138 N/mm?
— Result
Inside diameter Di 592.8 mm
Mean diameter Dm 596.4 mm
Geometrical ratio e/De
Analysis thickness en- ZI(§) [ea 3.6 mm |
Required thickness e M
Required thickness with allowances ed mm
Maximum permissible pressure Pmax [ | bar

If a field has not been calculated, the required input values are missing. To see which values are required to
calculate the missing value, right click on the variable and select 'Ask variable' or enter a 'question mark (?).
All dependent values are highlighted:

7.4.2 Cylindrical shells under internal pressure

Regulation (0=EN13445-3, 1=EN14025) TFZ 0 {0.1)
EM 13445-3: Unfired pressure vessels
Load case: Operation =1/ Test =2 lc 112
Calculation temperature t 120 °C
Calculation pressure P 12 bar
Final wall thickness acc. drawing en 5 mm
Qutside diameter De 600 mm
| Weld factor (= . acc. EN 14025) z |
Material:
Material designation Mumber 1.0345
Wall thinning allowance Ge 0.4 mm
Corrosion allowance c 1 mm
Thinning allowance during manufacturing &m 0 mm
Sum of allowances Z(38) 1.4 mm
Material strength (Re, Rp, Rm) K 207 Nfmm*
Safety factor acc. EN 13445 S 1.5 I
Allowable stress f 138 Nfmm®
— Result
Inside diameter Di 592.8 mm
Mean diameter Dm 596.4 mm
Geometrical ratio e/lDe
i en- (3§} ea 3.6 mm
IReqmred thickness e Zl mm I
Equired tHICKNEsS With allowances g% i
Maximum permissible pressure Pmax bar
Load case Operation
The strength condition is
Tha nenmeatriral canditinn is -l

In our example it is required to enter the missing weld factor to obtain a result.

EN 13445 Calculation o 7



7.4.2 Cylindrical shells under internal pressure

Regulation (0=EN13445-3, 1=EN14025) TFZ 0 {0.1)
EM 13445-3: Unfired pressure vessels
Load case: Operation =1/ Test =2 lc 112
Calculation temperature t 120 °C
Calculation pressure P 12 bar
Final wall thickness acc. drawing en 5 mm
Outside diameter De 600 mm
Weld factor (= & acc. EM 14025) z 1
Material:
Material designation Mumber 1.0345
Wall thinning allowance Ge 0.4 mm
Corrosion allowance c 1 mm
Thinning allowance during manufacturing &m 0 mm
Sum of allowances E(3) 1.4 mm
Material strength (Re, Rp, Rm) K 207 M/mm?
Safety factor acc. EN 13445 S 1.5
Allowable stress f 138 N/mm?
— Result 1
Inside diameter Di 992.8 mm
Mean diameter Dm 596.4 mm
Geometrical ratio e/De 0.004314
Analysis thickness en- EI(3d) ea 3.6 mm
Required thickness e 2.589 mm
Required thickness with allowances ed 3.989 mm
Maximum permissible pressure Pmax 16.66 bar
Load case Operation
The strength condition is valid
The geometrical condition is valid

The design is adequate for EN13445-3 requirements

Reverse calculation

The program allows you to enter result values to obtain input values. Enter for example a maximum
permissible pressure Pmax = 20 bar to obtain the final wall thickness en with allowances. After having entered
Pmax = 20 bar a list with all depending variables is displayed. Clear the variable 'Final wall thickness".

Clear value of variable in 1 ENOT

Expert Help
Please l_::lear a dependent value for the Clear value of el
calculation: wariable

-=> Maximum permizzible pressure
Strength for operation

S afety factor for operation

Wield joint factar

‘wall thickness tolerance
Corrosion allowance

Forming allowance

Final th

Outside diameter

The original input value for the final wall thickness en is overwritten by the calculated value:

8 ¢ Reverse calculation EN 13445



Calculation pressure

Outside diameter

Material:

— Result

Inside diameter
Mean diameter
Geometrical ratio

Required thickness

Load case

7.4.2 Cylindrical shells under internal pressure
Regulation (0=EMN13445-3, 1=EN14025) TFZ 0 (0.1)
EM 13445-3: Unfired pressure vessels
Load case: Operation = 1/ Test = 2 lc 11.2
Calculation temperature t 120 °C
= 12 har
Final wall thickness acc. drawing I en 716 mm I
)] GO0 T
Weld factor (= & acc. EM 14025) z 1
Material designation MNumber 1.0345
Wall thinning allowance de 04 mm
Corrosion allowance C 1 mm
Thinning allowance during manufacturing am 0 mm
Sum of allowances T(3) 1.4 mm
Material strength (Re, Rp, Rm) K 207 MN/mm?®
Safety factor acc. EN 13445 5 1.5
Allowable stress f 138 N/imm?
Di 591.4 mm
Dm 593.7 mm
e/De 0.004304
Analysis thickness en- E(3) ea 4.316 mm
e 2.582 mm
Required thickness with allowances ed 3.982 mm
Maximum permissible pressure IF'max 20 bar I
Operation
The strength condition is valid
The geometrical condition is valid
The design is adequate for EN13445-3 requirements J

Parameter study

With the option "Parameter study"

values on a third value.
Find detailed information in the ATLAS manual.

in the "Atlas" menu you can determine the effects of one respectively two

EN 13445

Parameter study ¢ 9



Connect modules

Starting and loading several modules

All the modules of the program system ATLAS are similar in usage and they offer nearly similar options. Often,
it is not possible to solve a problem by one module only. Then several modules interchanging information
among each other are necessary for solution. To calculate a cylindrical shell with a nozzle, start the strength
calculation program and perform a calculation with the ENO7 module as described in the previous chapter:

Wl * auterbach Verfahrenstechnik

0| |&m| & o|a| ==Ee|o

File ATLAS Module Options VDI-Heat Atlas  Feezing  Language

N2 ||

Shellz under internal pressure

Lauterbach Werfahrenztachnik

[BEET)

DIM EM 13445-3/7:2010-12 and EM14025:2008-08

Help

E=N [HOR =3

1.4.2 Cylindrical shells under internal pressure

Calculation pressure

Qutside diameter

Material:

— Result

Inside diameter
Mean diameter
Geometrical ratio

Required thickness

Load case Operation
The strength condition is valid
The geometrical condition is valid

The design is adequate for EN13445.3 requirements

Regulation (0=EN13445-3, 1=EN14025) TFZ {0.1)
EM 13445-3: Unfired pressure vessels
Load case: Operation =1/ Test=2 Ic 11,2
Calculation temperature t 120 °C
P 12 bar
Final wall thickness acc. drawing en 5716 mm
De 600 mm
Weld factor (= Loacc. EN 14025) ¥ 1
Material designation Mumber 1.0345
Wall thinning allowance ie 0.4 mm
Corrosion allowance C 1 mm
Thinning allowance during manufacturing &m 0 mm
Sum of allowances (&) 1.4 mm
Material strength (Re, Rp. Rm) K 207 M/mm?
Safety factor acc. EN 13445 S 1.5
Allowable stress f 138 Nimm?
Oi 591.4 mm
Dm 585.7 mm
e/De 0.004304
Analysis thickness en- E[§) ea 4.316 mm
e 2.582 mm
Required thickness with allowances ed 3.962 mm
Maximum permissible pressure Pmax 20 bar

1 EMOD? 123 Tank wehicles acc. DIMN 14025 0-

10 « Starting and loading several modules
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In this cylindrical shell there is a nozzle with an outside diameter of 60 mm. This opening must be proofed
according EN09. Select "Atlas/chapter” and then ENQ9 in the tree view:

Licensed to: Verfahrenstechnik License No: 20008 nonnenmacher-virtual
Module  Feezing
*

Keyword: I Searchl ‘

Delete| Prices

’rSearch for keyword

Start
Show
’7 V¥ FulHicence i Feezing ¥ Demo [no saving or printing) ¥ without permissions ‘
European Standard EN 13445-3 -
L] EFL : Flanges according to EN 13445-3:2010-12 Chap. 11
B ENOT : Shells under internal pressure DIN EN 13445-3/7:2010-12 and EN14025:2008-08 i
“ ENOE : Shells under external pressure DIN EN 13445-3/7 edition 2010-12 |ﬂ

: Openings in spherical and cylindrical shells EN 13445-3/9:2010-12 + EN14025:2008-08

EN10Q : Flat ends DIN EN 13445-3/10, 2010-12
e EN13a : EN 13445-3/13.4 U-Tubesheets EN 13445-3:2010-12
e EN13b : 13445-3/13.5 Fixed tubesheets EN 13445-3:2010-12
Ml FW13C - FM 134453713 & Flnating tuheshests FN 13445_%.2070-172

| Activates this module as a new chapter Vi

u *Lauterbach Yerfahrenstechnik

The input mask of the ENO09 File [ ATLAS | Module Options VDI-Heat Atlas Feezing Language
mod'ulleslls displayed. Activate Qg Chapter =z =
the 'Link Optlon in the 'Atlas Link in zpherical and cylindrical shells
menu. -3/5:2010-12 + EN14025:2008-08
v Check immediately terbach Yerfahrenstechnik
= Parameter study

| 9. Isolated openings in spherical and cylindrical shells

Joint
Current value
Total allowance shell mm
Then select “the ENO7 module and — Link with: Please select a value from the list:
link the complete module by double- 14| Neme TVabe | Unis T

click.

Yariable to the connection
No.l K..I I odule | Mame | Walle | Unitz |

&I kiitelonlst ¥ Show only connections with suitable unit

Or the complete module:

Shellz under internal preszure DIMN EM 13445-3/7:2010-12 and EM14025:2008-08 Y

All values of the shell in ENO7 are now linked to the values of the ENO9 module and are displayed in italics on
the mask.

If such a linked variable is changed in one module, the data is automatically transferred to the linked module.

EN 13445 Starting and loading several modules ¢ 11



i+ auterbach Verfahrenstechnik — @
File ATLAS Module Options VDI-Heat Atlas Feezing Language Help
D|2|@|Slm| B]o|x| =[z=meD] ko]
Openings in spherical and cylindrical shells
EM 13445-3/9:2010-12 + EN14025:2008-08
Lauterbach Verfahrenstechik
B 1 ENDT |
9. Isolated openings in spherical and cylindrical shells
Regulation (0=EN13445-3, 1=EN14025) TFZ (IR
EM 13445-3: Unfired pressure vessels
Load case: Operation = 1, test = 2 1
Calculation temperature t 120 °C
Calculation pressure P 1.2 MPa
Material properties shell nozzle reinforcement
Material designation 1.0345
Thickness allowance ie 0.4 mm mm mm
Corrosion allowance c 1 mm mm mm
Manufacturing allowance 0 mm 0 mm 0 mm
Total allowance Z(6) 1.4 mm mm mm
Strength Re, Rp. Rm K 200 MPa MPa MPa
Safety factor 5 1.5
Allowable stress f 138 MPa MPa MPa
Weld factor 9.5.2.3 1 1
Remark:
Geometry of shell:
Shell: Cylinder=1; sphere+semi-sphere+torispherical=2;
elliptical=3; cone=4 1
Final wall thickness acc. drawing ens 5.716 mm
Calculation thickness without allowance - eas 4316 mm
Reduced calculation thickness without all. ! ecs 4.316 mm
Qutside diameter of shell De 600 mm
Actual length Is mm
Conical shell: semi-apex angle o 0r-
Elliptical shell: internal height h mm
"izas=ecs must sstisfy the strength condition: ecs*required thidness
Geometry of openina: v]
«| | 5
2END9 129 Semi apex angle of a conical shell 0

Drag and drop

Alternatively you can link complete modules by drag and drop. Drag the ENO7 module tab into the ENO9 input

-y
mask by holding the left mouse button. The linking sign (™) will appear and the modules are now linked.

4 "l auterbach Verfahrenstechnik

e es

File ATLAS Module Options VDI-Heat Atlas Feezing Language Help
Dlz|d|@lm] S)o|~| =|=|m@D] x|o|wl
Openings in zpherical and cylindrical shell:
EM 13445-3/3:2010-12 + EN14025:2008-08
Lauterbach Werfahrenstechnik
Av s
R g— l " 4 -
equlation (0=EN1344§-3. 1=EN14025) TFZ [ < K
EM 13445-3: Unfired pressure vessels
Load case: Operation =1, test = 2 1
Calculation temperature t 120 °C
Calculation pressure P 1.2 MPa
Material properties shell nozzle reinforcement
Material designation 1.0345
Thickness allowance ie 04 mm mm mm
Corrosion allowance c 1 mm mm mim
Manufacturing allowance 0 mm 0 mm 0 mm
Total allowance §) 1.4 mm mm mm

12 « Drag and drop

EN 13445



