VVD - Visual Vessel Design

Version 18.0 (2018)

Read Me File

Version 18.0 — (2018) Updates to latest code amendment

Version 18.0 includes a number of improvements and additions. This version is also in
compliance with:

- ASME VIII Div.1: 2017 Edition
- EN13445:2014 Issue 4:2017
- PD5500:2015+A3:2017

- EN13480:2017 Issue 1:2017
- AD2000:2017

The material libraries have been expanded and updated to be in compliance with the
latest edition of the following material standards:

- ASME Il Part D : 2017 Edition
- EN 10028-2:2017

- EN 10028-3:2017

- EN 10028-4:2017

- EN 10028-5:2017

- EN 10028-6:2017

- EN10213:2016

- EN10222:2017

Updated the wind and seismic codes to ASCE 7:2016.
Added a new feature to the EN13445 module that will check the difference in thickness
between elements adjoined by welding, and make reference to Table A in EN13445-3

Annex A when special provision is required.

Added a new option to include reinforcement plates on nozzles located in flat ends and
blind flanges for design according to ASME VIII Div.1.

Added straight bar reinforcement ribs to the design of flat plates.
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Added calculation of deflection for flat plates with or without reinforcement ribs.

Added calculation of non-circular flat ends to AD2000 section B5.

The STEP file converter has been significantly improved, this tool allows export of the
3D drawing generated in the VVD software to a STEP file format. Most 3D CAD systems
supports the STEP file format, hence allows the end user to import the 3D drawing from
the VVD software into their 3D CAD modeller.

If the VVD software was forced to close while minimized, it remained minimized when
VVD was re-started. This problem has now been corrected.

Added a new option so the end user may specify the stress concentration factor when
calculating the number of cycles for bellows to EN13445-3 section 18.

The maximum number of tubes handled by the tube-layout module was extended from a
maximum of 17 000 tubes to a maximum of 40 000 tubes.

Corrected a problem related overflow when designing large diameter tubesheets to the
alternative tubesheet design method in EN13445-3 Annex J.

In case the external pressure is larger than the internal pressure the external pressure is
used instead as internal pressure according to EN13445-3 section 8.4.1 for internal
pressure calculations with a weld joint coefficient of 1.0. In VVD however for conical
shells the weld joint coefficient z could in some cases remain less than 1.0 resulting in
over conservative design, this problem has now been corrected.
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Added a new option to design tapered saddle support, so the saddle width at the bottom
at the base plate can be less than at top, at the attachment to the vessel. This new
saddle option will reduce material and fabrication costs.

[® Saddle is tapered, the saddle width at bazeplate is less than at attachment to vessel.

The zaddle width at top iz approximately: 770 mm
B Saddle width at bottom at baze plate Law 50000 mm

A new feature was added to the Material Library Manager to enable the user to specify
the allowable stress as a function of temperature instead of yield stresses and material
category when adding new materials to the custom material library.

| Material Library Manager,

3 Maternialz Stored in Custom M .atenial Libran b aterial Categony
Filename and Location [location can be changed from the SETUP menu) : " Carbon Steel
Y DACUS TLIBSADMAT LIEB " Austenitic Steel
(" Steel Castings
Grade/M ame: |Test M atenal j " Baolts
f* Specify Allowable Stress
MATERIAL DATA
Index [ Standard | Material Mo | Product_Form | M aterial_Grp [ Mote
EM10023-6 Plate 1.1
taw. Thk. (| Bm{M/mm2) | Rp(200C] | Rptt | Rpt2 | Rpt3 | Fiptd | RptS [
Temperature ['C 20 a0 100 150 200 250
Stresz Set 1 1] B0 355 340 30 285 2E0 235
Stresz Set 2 150 B0 355 320 290 265 240 215
Stress Set 3
Stresz Set 4
Strezz Set B -
] | LIJ
Actions Frinter Optionz

MOTE: To zpecify the tenzile stress az a function of kemp.go to caolumn for

. . - p » i i
Me_::-:.Thk. and press character B for Bmt to identify this row as tenzile strezs pe Frint Material Data

Update Clear Selection [ Plat Mat.Crata on Pricker

Add/Mew E wit [ Print &0 M aterial Names
Delete Clear all
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The maximum pressure for the central ring in a flat plate radial reinforced by ribs was
incorrectly calculated according to equation 21.8-1 in EN13445-3, this has now been
corrected.

Added a new feature that allows easy comparison with previous calculation results. The
impact of any changes can easily be seen as the results from the previous run can be
shown simultaneously together with the results from the new run, see below:

[FIVVD - Previous Calculation Resulis

Ja - [ox)]

EM13445:2003 lzsue 1:2009 16.8 HORIZONTAL YESSELS OM SADDLE SUPPORTS Wer:18.0:04

15 UTILIZATION CHART UTILIZATION CHART - 35.1 FIXED SADDLE
30 30
UTILIZATION CHART - S5.1 FIXED SADDLE
30 30 25 25
25 25
20 4 b
0 +—— r 20
15 1 T 15 [ 0.3-0.4% Web Plale Stresses(Spliting Force)
15— T 15 [l 0.8-2.2% Wigh Plste StressesSpliting Force) 0.3-2.56% Saddle Stresses dusto Sxial Loads
01.4-3.1% Saddle Stresses dus to Axial Loads Il 0.3-1.5% Wsbplate Bucking
B 1 5-2.7% Welplate Bucking . 0 0.1-0.3% Loads in Tapered Ssction
10 1 10 £13.0.5% Loadts in Tapered Sction I 41-10.4% Foundstion Bearing Pressure
15.5-20.2% Bassplate Thickness

. 10.5-13.9% Foundation Bearing Pressure
22-27 1% Baseplats Thickness
W 104-10.6% Yessel Stress Btwn Saddles(16.6-10)
. 06-0.7% Instability Check Btwn Saddles
[ 0-25 4% Instabilty Check(16 8-14)

[l 10.4-10.5% Vessel Stress Bwn Saddles(15.6-10)
| 5 [ 0507% Instablity Check Btwn Saddies

[ 0-25.9% Instabiity Chack(16.5-14)

[l 25-4% Max Sacdle Forces

[ 0.4-25.5% Instabilty Check(15.8-28)

—
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Mex LtilizetioniCondition 27.1% CASE:OPERWND (z = 1347 )(Fixed Sacldle)
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= i e N P
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8 oc mAnic e wmme

Use the new command ‘Previous’ as shown encircled in red above to display the results
from the previous run.

Corrected some problems with the German translation.
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A new feature was added that allows all input data and result summary to be exported to
MS-Excel spreadsheets. The name and location of the MS-Excel file will be the same as
the vessel file name including a name extension of ‘spreadsheet’. To use this feature, go
to the pull down menu ‘Action’ and select ‘Export Input Data and Results to

Spreadsheet’, see below:

(¢ rosoft Excel - HBDD-T-39XX_Spreadsheet

B Bl Rediger s Settin Format Verkisy Data Windu Hielp Acrobat

EBX

ETET

115/5L.1 Leg Support /
T16|SL.1 B off Legs;Pipe B" Sch. 805, H= 1600;, Reinf.Pad PL 450 300X &

A COMPONENT ATTACHMENT/LOCATION---——-
118| 193 Detailed Load Analysis Included{wind, seismic, blast etc.)
119 ~-SHELL DATA- -

120/ B0 Cylindrical Shell
121| 41 OUTSIDE DIAMETER OF SHELL

122] 31 NOMIMNAL WALL THICKNESS (uncorraded)

123 16 NEGATIVE TOLERANCETHINNING ALLOWYANCE

124 7 SHELL MATERIAL: EN 10028-7:2007, 1.4404 X2CiNiMo17-12-2 C=Caold Rolled Strip,
126 e (N e N ——

126| 195 Pipe

127| 27 Legs are Cross Braced MO
128/ 38 B" Sch. 805

129) 381 QUTSIDE DIAMETER OF SUPPORTING LEG PIPE

130| 382 WALL THICKNESS OF SUPPORTING LEG PIPE

131 380 LEG CENTERLINE DIAMETER

132| 384 NUMBER OF LEGS

133| 444 LEG END CONNECTION COEFFICIENT FOR BUCKLING(1.5-2.0)

134] e LEG MATERIAL AND WELDING DATA:-------

135 3 LEG MATERIAL: EM 10216-5:2013, 1.4404 32CrNiMo17-12-2 seamless tube, HT:AT
136|233 Hot Finished

137 367 WELD BETWWEEN LEG AND PAD/SHELL/END, THROAT DIMENSION

138 333 HEIGHT OF BRACKET

139 291 WELD JOINT COEFFICIENT

400 e DATA FOR REINFORCEMENT PAD-——-----

141|192 Included

142 336 WIDTH OF REINFORCEMENT PAD

143| 337 HEIGHT OF REINFORCEMENT PAD

144| 338 THICKMESS OF REINFORCEMENT PAD

145| 397 WELD BETWWEEN SHELL AND PAD, THROAT DIMENSION

L —— ANCHOR BOLT DATA—---—--

147 20 Perform Calculation of Anchor Bolts and base plate MO
L s GENERAL LOAD DATA-mmmmu-

149 1 Wind Load YES

150|161 User Defined - YWind Pressure

151| 162 Evenly Wind Load Distribution

152| 301 WIND PRESSURE

1583| 302 WIND FORCEAVESSEL SHAPE/DRAG COEFFICIENT

154 2 Seismic Load

185 3 Acceleration Loads

14/ 4| » [ 1} HBDD-T-39%X_Spreadsheet ,/ |4]
Klar

3140 rarm

8/mm
0.3/ mm

168 27 \mm
10 97 mm
3140 mm

B
15

6/mm
400 mm
085

300 mm
450 mm
8 mm
5/mm

2,04 kMN/m2
1,05

DS SV &t BERT - @ AL B 2 A »
jrife]

Al | =| Wessel Tag Mo.: HBDD-T-335
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114
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Version 17.0 — (2017) Updates to latest code amendment

Version 17.0 includes a number of improvements and additions. This version is also in
compliance with:

- EN 13445:2014 Issue 2
- EN 13445:2014 Issue 3
- EN 13480:2012 Issue 4
- PD5500:2015+A2:2016

The material libraries have been expanded and updated to be in compliance with the
latest edition of the following material standards:

- EN 10028-7:2016
- EN10272:2016
- EN10273:2016

The PED classification tool was updated to reflect the latest requirements to PED
2014/68/EU. The user must now select the edition of PED to be applied:

Fressure Equipment Directive PED
* PED 2014/68/EL)
O PED 97/23/EC

Added - EN 13445:2014 Part 10, Additional requirements for pressure vessels made of
nickel and nickel alloys. Added the Nickel material in Table A.2 to the VVD material
library. VVD modifications was implemented to accommodate the new requirements
related to calculating allowable stresses to Table 6.2-1, Fatigue design to section 6.5,
testing groups to Table 8.2-1, NDT requirements to Table 8.3-1 etc.

To perform an analysis to Part 10, select Nickel or Nickel alloy materials and use test
groups (TG) 1 Ni, 2 Ni or 3 Ni, as shown below:
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Wezzel Tupe tode of Operation
(& Pressure Vessel () Jacketed Vessel (" Spherical Yeszel ® Yizual Made

() Shell & Tube Heat Exchanger () Rectangular Yessel I Momal Maode

Yeszzel Orientation

(8 Horizantal
) ertical

Deszign Code File O ptions
E |Test Group 1a ﬂ [ Always keep matenial temperatures as given in CyL
EN7 244 T est Group 3c ~|| v “4ddLiguidHead (LH)  LH calculated based on comp.location
| Test Group 1 Mi to calculation pressure € LH input by wser
Test Group 2 Mi

. . .
Test Group 3 Ni Weight contingency %] | 5

Test Group 1 Alu
g Test Group 2 Al pde/Options l Process Data l
——— Test Group 3 Alu
ration and H Test Group 4 &lu ¥ he selected once when the file iz created, while the Vessel Qrientation can

Added a new feature so that multiple drawings/sketches can be included in the design
report. Any drawing/sketch shown on the screen can now be saved and included in the
design report. To save a drawing go to ‘Action’ and ‘Save Current Drawing’. Added a
drawing organizer that allows the user to change the description of the drawing and
delete/undelete any drawings. Up to ten different drawings can be inserted into the
report.

. Drawing Organizer,

Drawing List:

Change Drawing Descriptions: .
Drawing No.: 2 Top View

oK. Delete/Undslete |
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Added a new option so that a standard blind flange can be attached to a standard flange
without performing calculations. The flange/blind flange design is then only based on the
applicable pressure/temperature rating curves in the standard.

Added - EN 13445:2014 Part 8, Additional requirements for pressure vessels made of
aluminium and aluminium alloys. Added the aluminium materials to the VVD material
library. VVD modifications was implemented to accommodate the new requirements
related to calculating allowable stresses to Table 6.3-1, testing groups to Table 8.2-1,
NDT requirements to Table 8.3-1 etc. Applicable test groups (TG) are 1 Alu, 2 Alu, 3 Alu
and 4 Alu. To perform an analysis to Part 8, select aluminium materials and applicable
test groups (TG) 1 Alu, 2 Alu, 3 Alu or 4 Alu.

Added a new option so that the user can select not to check the minimum thickness to
ASME VIII Div.1 UG-16, for special type of components/application.

Corrected a functionality problem when importing components from an existing file, the
user was in some cases unable to specify the filename of the file to import from.

Corrected a functionality problem related to calculation of reversed full faced flanges to
PD5500, sometime the calculation would stop and not be completed when calculating
the maximum test pressure.

Corrected a problem for calculation of blind flanges to PD5500, after re-calculation the
thickness of the blind flange could in some cases be changed to the same thickness as
the mating flange.

In some cases an incorrect warning message could be displayed for the AD2000 module
when generating a report for hydro-testing.

Corrected a problem for calculation of MAWP for conical transitions to the standard
EN13480, the MAWP value could in some cases be underestimated.

Corrected a problem when using the standard ASME VIl Div. 1:2013 edition, for some
materials the yield stress could become zero when obtained from the material database.
This problem was only related to the 2013 edition in the new VVD version 2016.

Version 16.0 — (2016) Updates to latest code amendment

Version 16.0 includes a number of improvements and additions. This version is also in
compliance with:
- ASME VIl Div. 1: 2015 Edition (A validation document to ASME PTB-4 is also
available upon request).
- ASME Il Part D : 2015 Edition
- EN13445:2014 Issue 1
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- PD5500:2015+A1:2015
- EN13480:2012 issue 3

The new licensing model has now been adopted for the VVD software. The software is
no longer sold as separate modules, but now includes all available modules. With this
version all users are given access to all modules/standards and full capabilities.

Below is a brief summary of additions and enhancements:

e A new option has been included to allow the use of any existing file as a template
for new design. The end user can select an existing file and easily change the
design code, process conditions, materials, and/or any major dimensions. This
will in many cases give a significant time saving compared to starting a vessel
design from scratch. To re-use any file, click on the file name in the list of files
and then click on the command ‘Template’ (see sketch below).

¢ Newsflash - Direct communication with end users. Newsflash allows a direct
communication with end users. Information can very quickly be transmitted to the
end user. Newsflash will automatically update after a few days as long as the PC
is kept online, however in case the PC is offline the text box will show ‘Connection
Unavailable’. This information channel will be used to better inform the end users
of new modules available, new features, discovered/solved problems, changes to
standards, testing of new modules, available courses and general information.
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' Visual Vessel Design, Version:16.0. Build:134 Date:04.01.2016 - Software Licensed to Ohmtech as

Mewsflash This License Includes:

Connection Unavailable AD2000 ~
ASME VIl Div. 1:2007 409
Show Messages | ASME ¥l Div.1:2010
——— ASME VIl Div.1:2010411a
Hirity-Sefecton ASME VIl Div.1:2013
|Uti|it5-l Selectar ﬂ ASME Il Div. 1:2015

Copyright © 1984-2016 Intergraph CAS, Inc. Serial # 174357262 EN12352:2011 e

SAMPLE FILE LIST [35 fileg)

| File Name |Vessel D ﬂl
AD2000 C:\ADVFILESYNAD_WERTICAL WD Wertical Wessel
ADZ000) C:\WADAVFILEShAD_FLANGE WD Flange
ASME W Div. 1 I8 S CRUBBERMWD Scrubber
ASME W Diwe 1 Tall Tower
ASME VI Div. 1| C:NWWDAFILESNA_LEGS WD Weszel on legs
ASME VI Div. 1) C:MWWYDAFILESYA_FILTERAWVD Filker House
ASME Wl Div.1 | C:WADAWFILES WA _WESSEL WD Harizantal Weszel with Wac. Rings
ASME W Div. ]| CAWADAWFILESYNA_WESSELT WD Horizontal YWeszel on Saddle Support
ASME VI Div. 1| C:AWYDAFILESSA_VESSELZWWD
ASME VI Diw. 1| C:MADAFILESAUHA_FIXED_B.\WWD UH:-20 Fixed Type Heat Exchanger
ASME VI Diw. 1) C:MWYDAFILESSUHA_U_TUBEMWWD UHx-20 U-Tube Heat Exchanger
ASME VI Div. 1) C:NADAFILESUHA_FLOATING_HEADMWVD | UHX-20 Floating Head
EM13445  CMADAVFILESVS TEAMGEMN WD Steam Generator
EM13445 C:AWWDNFILESASTRIPPER COLUMN YWD Stripper Colunnn
EM13445 C:\WAWDAFILESAREACTORMVD Oxidation Feactor
EM13445 CWAYDAVFILESAEM_LEGS WVD Wertical Weszel on Legs
Soby: | | Listan EN13445 C:AWDAFILESAFILTER WD Filter House
oy - | E— EM13445  CMASDAVFILESAEM_SERPARATOR WD Separator With Sump
. — = = EM13445| CWAYDAYFILESAT OWER WD Condensate Stripper - I
Build/E xpand/U pdate file list with existing VWD files | l? LIJ
Mew vessel desig:.:w—ﬁ\ Open an existing vessel fle Help
o P o =
S| m|= @ | FOD 2 = ¢
New Model [ Template Open SelFile || OpenFile ||3ecent Files| | File Viewer ||| Code Assist || Help | | FAQ Mat. Library {[ RelMotes || PED Exit

e The unit conversion option has been significantly improved.

o The STEP file converter has been significantly improved, this tool allows export of
the 3D drawing generated in the VVD software to a STEP file format. Most 3D
CAD systems supports the STEP file format, hence allows the end user to import
the 3D drawing from the VVD software into their 3D CAD modeller.

e Updated the material library to latest editions of the material standards.

e Added a new feature named QuickDesign that allows the end user to modify the
input of multiple components at the same time. The input data is shown in a
matrix for multiple components as shown below. This allows a much more rapid
design and modification to existing components. QuickDesign also shows
essential information like error and warning messages, weight and CG of vessel,
maximum utilization for each components etc. To activate QuickDesign go to the
scroll down menu and click on ‘Action’ > ‘QuickDesign’. When using the
command ‘Apply Changes’, all the modified components will be recalculated. It is
however advised to use the ‘Recalculate All' function after all modifications have
been completed.
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& QuickDesign

Modify Dimension(35] |10 M. M.2 M.3 1.4 W10 M.11

L’lﬂl All Shells M awimurm Utilization max(%] 38.9% 35% 99.2% 99.2% 95.1% gv.rx

&= 51 Cylindrical She | Description M anway at b Marway at 7 Condenzate | Stripping Ga ' Condensate | % apour Duth

e__'} 02 Comical Shell | Dutside nozzle diameter deb [rmm) E03.60 603.60 215.07 213.07 219.07 219.07

_H_ Ex Tonsphencal E MNaominal nozzle thickness [uncorroded] | enb [mm) 22.00 16.00 17.00 24.00 16.00 12.00
% Megative tolerance/thinning allowance [mrn] 0.00 0.00 0.00 0.00 0.00 0.00

Mozzle standout measured from vessel oc| ha [mm) 400,00 400,00 200,00 200,00 200,00 200,00

m SK Sklrl Support

Crozs-zect.area of fillet weld between noz| Abw [mma] 180,00 M- 100.00 100,00 100,00 M-
LT Lifting Trunnio | Anle phicfablique in transverse.cioss se| PhiC Dear 0.00 0.00 M- 0.00 A 0.00
Angle phillablique in lang crozs sect Jfig.9| Phil [Degr 0.00 0.00 M- 0.00 -MA- 0.00
Thickness of the reinforcement pad eap [rmm] 25.00 20.00 M- M- -MA- 12.00
\width of the reinforcement pad Ip [mm] 200.00 250,00 M- M- M- 150.00
Protruding measured from shell iz [corrod | 1bi [mm] M- 50.00 M- M- M- M-
£ » | | Angle bebwn branch axis and a line nom:| Phi [Dear.] M- M- 0.00 M- 0.00 M-
Design Status -» Needs Altention
Ettors =0 TT.1.Waming: MO: 1-HYDROTEST -wiKD INDUCED WIBRATION-POTENS|AL PROBLEM, FURTHER INVESTIGATION A
: _4 |REQUIRED.
e S11 Cylindrical Shell Shel 01 e
MWOTE: FLATE TO SPEC. EM-10028 NORMALLY PERMITS A MEGATIVE TOLERAMCE OF 0.3 mm[EM 10029 Clazs B).
---------- 51.2 Cylindrical Shell  Shell 02 b7
Wieight / Volume ¢ Center of Gravity
i + [CENTER OF GRAVITY AT CONDITIONS BELOW e X — — ¥ — — 7 — -
DeadWEIth'EmptyVessel.................................: 20 -13 9610 ]
233072.93 kg Test Condition of Vessel (Testing with Water) a -6 10305
Operating Condition of Vessel ... ... ... ... .: 13 ] 8561
Volume: Total Operating Weight of Vessel . ...............:. 67671 kg
-
1.21 m3
Itilization of &ll components-
Umax= 99 9%2; | 20.5%. 51.3 Shel 03, limited by:Internal Pressure -~
f LT 1 85.9%, 51.4 Shell 04, limited by:Internal Pressure :
or G 90.7%. 521 Cone 01, limited by:Cone Thk. Mear Junction
96.2%, E3.1 Bottom End, limited by Internal Pressure
93.4% E3.2 Top End. limited by:Intermal Pressure
98.9%. M1 Marway at bottom, limited by:Mozzle Feinforcement v
Cammatids
Process Data File Infarmation I aterial Library Recalculate Al Apply Changes

Shown above is the QuickDesign window.

Version 15.1 — (2015)

The new licensing model has now been adopted for the VVD software. The software is
no longer sold as separate modules, but now includes all available modules. With this
version all users are given access to all modules/standards and full capabilities.

Corrected a problem with the error handler, in case of an incorrect input the error
handler could terminate the software instead of displaying the equation generating the
problem allowing the input to be corrected by the user.

Added a new option in tubesheet design for automatic calculation of the thermal

expansion coefficients in case of multiple load cases and with different calculation
temperatures.
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Added calculation for deformation of conical shells and torispherical dished ends due to
forming to EN13445-4 section 9.

This version is now in compliance with EN13480:2012 issue 3.
Updated the material library to latest editions of material standards.
Improved the error handling for the external loads module.

Corrected a problem that after recalculation could reset/alter the load weighing factors
back to the default setting.

When calculating a tubesheet, the user may now select any material design
temperatures that is not directly linked to the process data.

When calculating a tubesheet with extended flange to EN13445-3 section 13
configuration d2 (threads in extended flange), the user may now specify two different
bolt loads.

Corrected a problem related to selecting the pressure rating for ASME flanges, in some
cases the selecting box could be overwritten by another selection box.

Corrected a problem when adding a flange calculation, in some cases the VVD software
could incorrectly report an error: File Missing

Corrected a problem related to nozzle locations in dished ends to the PD5500 module,
the software could in some cases incorrectly display a warning message related to the
limit L>= D/10 according to Figure 3.5-8.

For the alternative flange method to EN13445-3 Annex G and EN1591 the criteria for
non-uniformity of gasket stress was altered from generating an error message to
generating a warning message, since this criteria deals with potential leakage and is not
related to an overstressed flange.

Version 15.0 — (2015) Updates to latest code amendment

Version 15.0 includes a number of improvements and additions. This version is also in
compliance with:

- EN13445:2014

- PD5500:2012+A3:2014

Below is a brief summary of additions and enhancements:

e Added new commonly used materials to the VVD material library. Updated the
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material library to latest edition of the following material standards:
EN10216-1:2013
EN10216-2:2013
EN10216-3:2013
EN10216-4:2013
EN10216-5:2013
EN10217-7:2014
EN10269:2013

e Additions to the EN13445 standard includes:

New section EN13445-3:2014 Section 22, Static Analysis of Tall Vertical Vessels.

This new section provides all necessary design rules to perform a complete analysis
of a tall vertical vessels/columns, with the definition of columns as vessels with a total
height h < 10 m and with a ratio of total height to outside diameter h/d > 6,5, and
vessels with h > 10 m and with a ratio h/d > 4.

The new sections of the standard gives requirements for dead loads, live loads, wind
loads, seismic loads, loads from external piping at nozzles, load cases, load
weighing factors, safety factor for anchor bolts, recommended minimum torque for
anchor bolts, considerations for foundation loads, and detailed design of skirt base
including base ring, gussets, chairs and top ring.

EN13445:3 Table 22-1: New Load Combinations for columns. The load cases and
load weighing factors as given in table below are now the default values suggested
by the external loads module for vertical vessels. The user may however delete or
add additional load cases, and change the load weighing factors as applicable.

Table 22-1: Load Combirations for columns

Lozq Types of load Lo=ad combination Allowabl| Allowable| Allowabld Explanations
Casq included inzluding weighting factord = compress| tensila

tensile | we stress

stress stress for | for

for shelld shell= anchor

bolts

LCA| Py, Diar, L, F, W 0,9F) & Dipap BLEF 2 1,1-W f4 [ fpgo | Operstionwith internal pressure and
LCZ| Py, D, L, F, 00 Py & D & L & Fa 1,14 Ty (i feon Operation with external pressure and
LC3| Dpas, L, F, W Do & L& F &1, 1% fy O, a1 feon Operation without pressure but with
LC4 | Dy, W Dgorr & 1,1-40 fy [\ feon Shut doven [ pressure, contents and
LCS| Dy, W D & 0,7 - Ty [ A T In=tallation
LCE| Py, Dyasy L, E 09P &0 ELAE faoct Oyantet | 1:2Fge0 | Operation with int pressure and
LCYT| Py, Dy, L, E Fo & Doy &L & E Tioct O, anbet | 1.2 Teo | Operation with ext.pressure and
LCE| Dpas, L E Dpas #L & E fioct Oy anbet | 1.2 Teo | Operation without pressuref«ith
LCH| Pact O Lot ™ | Poot® Omay & Lot 0EW|  Ton o bt feon | Test withtest pressure,test filling and

L = Live Loads, F = Loads from External Piping, W = Wind, E = Earthquake, Dmax =
Maximum dead loads, Dcorr = Corroded dead loads, Dmin = Manimum dead loads
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The wind load has become more conservative as the wind load for operating
conditions with the new rules is multiplied by 1.1 instead of 1.0 previously in VVD
(0.6 for hydrotest case while 0.5 previously in VVD). The factor 0,6 is in accordance
with EN 1991-1-6 and DIN 1055-4, Table 1 for duration times < 3 days (0,5 x 1,1 =
0,55 = 0,6. The seismic loads allowable stress is however now taken as ftest (less
conservative) while previously it was 1.2 * f in VVD, the allowable stress for anchor
bolt are however still multiplied by a maximum of 1.2 for exceptional load cases. The
factor 0,9 is applied to the internal maximum allowable pressure PS because the
internal operating pressure is normally 10% below PS due to the pressure limiting
device. For more information reference is made to the relevant sections in the
standard and the VVD Code Assistant (technical help section 7.1 External Design
Loads).

In EN13445-3 Section 16.12, four different methods have been added for complete
design of skirt base to one of the following options:

- Type 1: Simple bearing plate

- Type 2: Bearing plate with gussets

- Type 3: Bearing plate with chairs

- Type 4: Bearing plate with top ring plate

11 LOADING DATA

1-1| -- Load Dezcription - 0| Unitg| Load Caze 1
1| Prezsure P |MPall
2[Radial Load Fz [kM |1E.463
3| Longitudinal b oment by | kMm| 30107
4| Circurnferential Morment: k| kM| 200107
8| Longitudinal Shear Force FI |kM |16.463
&| Circurferential Shear Force Fo|kM |16.463
7| Torzional Maoment bt | kMm
° [® External Loads in Table Above acts at Intersection at Flange Face

e Added a new option to specify the nozzle loads at the flange face instead of
having to always specify the nozzle loads at the nozzle to shell intersection as
required by the design methods in the standards. If this option is checked as
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shown above, the VVD software will convert the forces and moments acting at the
flange facing to forces and moments acting at the nozzle to shell intersection.
This new option is particularly helpful for hillside nozzles, and other non-radial
nozzles.

e Added a new module for wind loading to ASCE-7-10.

¢ Added a new module for calculation of pipe bends to ASME B31.3 section 304.

e The minimum thickness due to external pressure is now calculated based on
given value for unsupported length when the vessel is subjected to external
pressure/vacuum conditions.

e Fixed a problem related to design of conical shells to AD2000, sometimes the
results would show 100% utilization, while the actual utilization was less than

100%.
T2 EDIT :N.1 NOZZLE,SEAMLESS PIPE/INLET M=
EM13445:2003 |zsue 1 A.5150OLATED OPEMINGS IN SHELLS Ver:14.03:01
2 GENERAL DESIGN DATA
0] oliix . ek 1-7 | Tupe of Opening
) 2| Mozzle with Standard ASME or [

Mozzle ‘with Standard ASME or [
Opening 'with Benforcement Rir
Opening 'Wwithout Mozzle/Ring
Eutruded Shell[z
Butt WWelded Nozzle(zee sketch

ee zketch weld

/o A | L AF
~" Extrusion radius measured on inside of veszellfig.9.4-11] r 30,00  mm
~" Length between centre of weld and start of extrusion radius(fig. 9.4-11 le 3600 mm
B Area reduction factor section 9.5.2.4.4. 2[narmally 0.9] Fre 09000

1-2 |PRESSURE LOADING

Dezign Component for [nternal Preszure Only
1 2| Design Component for Intemal and E stemal Pressure

ﬂ| 1 Corponert sttachme.. 2 General design dat.. | 3 Shell datz =1.1) ] 4 Mozzle matenal da.. ] i Mozzle dinﬂl

1 COMPOMENT ATTACHMEMT/ALOCATIO A | ¢
x Iﬁ 1 & 2 GEMERAL DESIGM DATA i
d ASHELL DATA[S1.1)
Cancel ionz | | Calculate|| Pre¥ous ik 1 NOZZLE MATERIAL DATA o
||$ M1 | Irlet ConnlD:51.1 [ Comment |Unit= 51 |24 (&
[ ]
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¢ Added a new module for calculation of extruded shells and butt welded nozzles
according to EN13445-3 Section 9.5.

¢ The calculation for saddle stresses in the web plate due to the splitting force was
modified to always include the area of the wrapper plate. Previously the area of
the wrapper plate was only included when the conditions in EN13445-3 section
16.8.8 for using a reinforcement plate was met. Furthermore the allowable stress
limit for bending stresses due to axial loading was increased from 1.0*f to 1.5,
due to the stress classification (bending stresses caused by external loading).

i/ EDIT :SK.1 SKIRT SUPPORT/SKIRT

EN13445 EM13445: 16.12 - VERTICAL VESSELS WITH SKIRT Wer:05
9 SKIRT OPENINGS

Specify location and diameter of all openings in gkirt.

—

1| Opening ID. | Dia. Awidth{mm] | Center z-valus(mm) | Angle(dear ] | Height{Hlimm) | Reint thk (stilimm] | Beinf Lenath{ltillmm)
1| Marway 594 R a(ua] a0 16 EN
Pipe penetral 300 5500 225 10 130

rJ

Specify the diameter and location of all openingz{openings for inzpection and pipe penetration) in the gkirt. The zection with the minimum rezistance will be A
calculated and termed section 4-4, and the streszes in thiz section is vernified to code section 16.12.7. The openings can be reinforced(increase the
morment of inertia of crogs section] by specitving the parameters eti and It
MOTE: z-value at bottorm of base ring iz(rmm]-6000
MOTE: z-value at top of skittis  [mm)-172.3 mm
In case of a non circular opening specify width and total height Hzze figure).
Reinfarcement of the opening can be specified by parameters:
eti = Thickness of the opening reinforcement(zee figure),

Iti = Length of the opening reinfarcemeant (in radial direction)(zee figure). 2

H

Add a Hew Opening | | Delete Selected Opening |

ﬂF Load cases/combina.. I i Load case factors 9 Skirt openingz | 10 Vesszel data J 11 Anchor bolt data J 12 Data for kit ba.. I 13 Calculation summa.. I 14 Calculaﬁmﬂ

B DESIGN LOADS ~|  Single Sereen
7 LOAD CASES/COMBINATION :

8L0AD CASE FACTORS QL e

9 SEIRT DPENINGS w | Iv Print Utiization Chart

Cancel ﬂs Calculate F'rtus ﬂ!xt

Iﬁﬁ, 5K | Skin ConnlD:ERT &% Comment |Unitz 8 Ei[& | 2 2 M EA <3<z
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¢ The skirt openings module has been improved and made more flexible, any
number of reinforced or un-reinforced openings can now be accommodated. The
skirt strength calculation is now performed at all weakened sections in addition to
the bottom of the skirt where the largest moment occurs. The moment is adjusted
according to the elevation of the weakened section.

e The external loads module has been made more flexible and can now
accommodate almost any type of vessel geometry. Below is an example for a
vertical vessel with two bolted on horizontal vessels, and an example of a
horizontal vessel that includes a vertical shell and tube heat exchanger. The
vessels are subjected to wind loads and seismic loading. The VVD software will
automatically calculate the wind load, based on the total calculated projected area
of all components. Similar for the seismic loading, the weight and centre of gravity
of all individual components are included in the seismic analysis.

FES EGESD L)

) 3

@

)72

2

L N

Version 14.02 (Service Pack 2)

A new option has been included for the ASME VIl Div. 1 module to allow nozzle loading
to be applied to nozzles that has been designed to Appendix 1-10 instead, previous this
option was only available for nozzle designs to UG-37/Appendix 1-7.

A new option in the 3D Drawing options has been included to enable the camera
position to revert to the same location as previous view. If the end user zooms in on any
parts, makes a modification, the re-drawn vessel will be shown in the same view as
previously drawn.
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{1} Options

Print-Out Options Liquid Head T Language
[ Dezign Files |
Page Header T it T

3D Drawing Options

v [nchude bolkz/balt holes in all flanges

[v Include Reinforcement Pads on Mozzles
[v Include Welds

[ Left Handed coordinate system

[v Set camera location to previous view

Rotation of Yeszel
o Around center of model

" Around origo of coord. swestem

Camera Orbit [ncremental Angle

|
/

Al the checked itemz on the left hand
zide will be included in the 30 drawing.

These optionz will have an impact an the
drawving speed.

The Liquid Head option has now become part of the VVD file to ensure that the same
values for liquid head are applied for the vessel, even if the VVD file is run on a different
PC. Previously the Liquid Head option was part of the set-up on each individual PC.
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Fast Track - New Vessel Design

Vessel Type, Orientation and Mode of Operations

Wezsel Type Mode of Operation
(® Pressure Vessel ) Jacketed Veszel (C) Spherical Veszel ® Vizual Mode
() Shell & Tube Heat Exchanger () Rectangular Yessel " Marmal Mode

Weszel Onentation

() Horizontal
@ Veitcal

Dresigh Cods File Optians
E |Test Group 1a j [ Abmays keep material temperatures as given in CYhL
Add Liquid Head [LH] ™ LH caleulated bazed on comp.location

|EN1 3445 ﬂ o to calculation pressure © LH input by user
|2I:IDE| lszue B ﬂ Weight contingency [%] | 5
Yeszel Infa, l Code/0ptions l Process Data J\

TheVeszel Type, Mode of Operation and the Design Code can only be selected once when the file iz created, while the Vessel Orientation can
be altered later.

Wizual and Marmal are the bwo modes of operations available to the designeVisual Mode iz the preferred mode for a complete veszsel design,
while Mormal Mode will reduce the extent of necesszary input if only a imited number of components shall be calculated. Visual Mode has
hawewver the following advantages

1] Provide a 20 and 30 sketch of the complete vessel with all components and dimensions
2] Calculate Center og Gravity for complete vessel

3] Calculate nozzle interaction reinforcement check[with no additional input]

4] Apply external loading(wind, seismic, accelerations etc. ). and tall tower analpsis,

{ Back | | Meut > | Cancel | Help

For multi-compartment vessels that uses two or more different design/calculation
temperatures the material properties shown in the report section would in some cases
show material properties at only a single temperature. This had no impact on the
calculation results, however a new option has now been included to freeze the
temperatures as specified originally.

A problem could occur with calculation of factor C1 for welded flat ends in EN13445-3
section 10, in some cases giving a non-conservative result. This problem was first
introduced in version 14.0 and was also included in version 14.01, but has now been
resolved.

Corrected a problem related to a single group of nozzles located in dished ends
according to ASME VIII Div.1 section UG-42. For a single nozzle group the calculation
could in some cases become over-conservative, this problem has now been corrected.

A new option has been included to allow the user to specify the thinning in % (when
using a pipe as shell component) instead of mm when designing cylindrical shells.

In some cases the utilization graph was included in the report without left margins, this
has now been corrected.
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Corrected a problem related to the nozzle list in the report section that could in some
cases show a standard flange attachment, even if the nozzle was designed without a
standard flange.

Sometime when calculating a welded flat plate according to EN13445, and selecting
‘Stayed Flat Plate to section 20.2’, this option could in some cases be turned off if all
components was later re-calculated.

When the nozzle is connected to the nozzle neck of another nozzle, after all components
was re-calculated the nozzle could in some cases be re-attached to a different nozzle. If
the original attachment was nozzle N.11, after recalculation of all element this nozzle
could be re-attached to nozzle N.1. This problem has now been corrected.

Corrected a problem related to page numbering in the report, sometimes two
consecutive pages could be given the same page number.

Corrected a problem related to user specified comments in the print-out, sometime the
printed text could be repeated.

Corrected a problem when exporting 2D drawings in dxf file format to AutoCAD, an error
could show up related to the drawing header and aborting opening of the file.

Version 14.01 (Service Pack 1)

A new option has been included for the ASME VIl Div. 1 module to allow nozzle design
to Appendix 1-10 instead of UG-37/Appendix 1-7.

Sketches of all Optional-Type Flanges to Figure 2-4 in ASME VIII Div. 1 Appendix 2 has
now been included in the flange calculation module.

Corrected a problem with some of the allowable stress values from ASME |l Table 3
bolting material for the 2013 edition, tensile stress and yield stress was however always
correct.

Corrected a problem with regards to the AD2000 module related to the classic AD2000
approach for materials in temperature range between 100 to 120 ‘C. For some materials
selected from the EN material database the allowable stress could become smaller than
allowed by standard resulting in an over conservative design.

Corrected an incorrect warning message related to EN13445 Section 18, detailed
analysis of fatigue for unwelded components with a thickness less than 25 mm.

Increased maximum number of permutations for groups of nozzles from 400 to 2000.
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Version 14.0 — (January 2014) Updates to latest code amendment

Version 14.0 includes a number of improvements and additions. This version is also in
compliance with:

EN13445:2009 Issue 5

EN 1591-1:2001+A1:2009/AC:2010
ASME VIII : 2013 Edition

ASME Il Part D : 2013 Edition
PD5500:2012+A2:2013

Version 14.0 — General

The new module for flange calculations to EN1591-1:2001+A1:2009/AC:2010 includes
many new features:

Any number of load cases can be included

Each load case can be given different calculation temperature

Each load case can be given different external loads, including shear forces and
torsional moment

Each load case can be given different thermal expansion coefficients

3D flange drawing significantly improved, it now includes the gasket, bolts & nuts,
Ioo%e flange and collar.

Several hundred hours have been spent in the verification process of this new
module. The module have been subjected to a verification against results from other
software packages, Excel spreadsheets and Mathcad applications. A large range of
different flange design cases has been investigated in the verification process. Two
different Notified Bodies have participated in this verification process.

EN13445 Issue 5 includes a relaxation of restrictions for use of test group TG4,
increasing the applicability of TG4. The thickness and temperatures limits have been
increased.
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EN13445 Issue 5 includes a significant reduction in the extent of NDT requirement,
resulting in reduced manufacturing costs. Please find below a copy of EN13445-5 Table
6.6.2.1 with changes shown in red ink, the ‘new’ values has a red underscore and the
‘old’ values are shown in the brackets():

EN 13445-5:2009 (E)

Issue 5 (2013-07) NEW ( OL.D)

Table 6.6.2-1 — Extent of non-destructive testing

TESTING D | EXTENT FOR TESTING GROUP 9 1/ Wi
W la ] /b ] 2i [ oK | ad | 3b
ITNREOF.AWEL0 S5 EXTENT FOR PARENT MATERIALS hm.n
1t 10 11,12, [8284, [14,12 82,84, [11,12,
8.1 9.2,9.3,10 |81 9.2, 10 8.1
Full penedration 1 Longitudinal joints RT oruUT 100 % 100 % {100-10) % | ( 0% |25% 10 %
bult weki MTorPT  |10% uwd . |L% L o (i) |9 (io)
Za | Circumferential jeints on a shell, including RTorUT  |25%(loeY 10% (I8 N5 90 % |(d0-5% [10% L“*‘ﬂcﬂ-‘l)
circumfirentiel joints between a shell and a non- MT or PT 10 % d 10 % o 0 ( } 0
hemispherical haad it (JS) =\le) |2 U‘-"}
Zb | Circumferential jonts on a shell, Including RTorUT  |NP TN CDILE A, NP NA (2%
circumfsrential joints bebwaen a shell and a non- MT ar BT [¥=] 100 % NE 160 % ME 100
hemispherical head, with backing strip ¥ —’Tro}
2c | Circumferantial joggle |oini, including circumierential | RT or UT NP uA (Joo) [nP NA NP Ny @5
joints batwean a shell and & non-hemispherical haad ¥ | MT or PT NP 100 % m) 100 % NF 100 %{Ib
3a | Circumierential joints on a nozzle d > 150 mm RTorUT  [25%(loc ) 0% (AS)[@E-10i% [(0-5% [i0% 5%° (1o
and @ = 16 mm MT or PT 10 % 10%9 10 % 10%d 10% Jowd
3 | Circumisrential joints on a nozzle d = 150 mm RTorUT  |NP A Qw} NP NA NA na (28]
and e = 16 mm with backing strip ¥ MT or PT NP 100 NP 10 % 100 % 1_0_Q%[’io
4 Circumterential joints on a nozzle RT or UT 0% 0% 0% 0% 0%
< 150 mm or & < 16 mm MT or PT g%[loo) 10 % @ﬁg}% (0-5% |10% 5% (10)
] All welds in spheres, heads and hemisphenical heads | RT or UT 100 % 100 % (100-10) % | (100-10) % [25% 10%
to shells MTorPT  |10% 10%d 10% o g.(m’] 0
6 Assambly of a conical shell with a cylindrical RT or UT 100 % 26 % (100-10) % | (25-10) % | 10% 10 %
shell without a knuckle (large end of the cona) 9. 7 MT or PT 100 % 100 % 100 % 100 % 100 % 100 %
7 Assambly of a conical shell with & cylindrical RT orUT 100 % 25 % (100-10) % | (25-10) % |10 % 10 %
shell without a knuckle (small end of the cone) MT or PT 10 % 10 % d 10 % 109 d 10% 1mewd
Circumferential lapped |63 | General applicalion shell to head RT or UT NF NF NP NP NF NF
joirts & MT of PT NP NP NP NP NP NP
&b Bellows to shell RT or UT 0% 0% 0% 0% 0% 0%
< Bmm - MT o1 PT 100 % 100 % 100 % 25 % 2% |10%
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Table 6.6.2-1 {continued)

TESTING b 1 »+ EXTENT EOR TESTING G‘iGUF"’ i
1a b 2 26 = T
TYPE OF WELD &. P EXTENT FOR PARENT MATERIALS ™ ) &l
1to 10 1.4, 1.2, 82,91, 1.1,1.2 82,91, 11,12,
8.1 9.2,9.3,10 B4 9.2, 10 B
Assembly ofaflsthead |9 | With full penetration RTor UT 25% (oo)| 10% (100 )| @8- Jm % [(10-5)% [10% (28) 5% (Io)
rAtmalast i n MTorPT [ 10% 10%d 105 (o) 10 % 3 (Jtg)] 10 % 108 d
Camlic b 10 | With partial penetration if a > 168 mm RT or UT NP NA NA NA HA (15‘} Na (Ib)
Assembly of a flange or a (2 as definad in figura & 6.2-1) | MT or PT NP 100 % 100 % 100 % 100 % 0%
Goller wilh 4 shell 11 | with partial penetration i & < 16 mm RT or UT NP NA MA A NA NA
(@ as defined in figure 66.2-1) ] MT or PT NP 100 8% 100 % 100 % 10 % 10%
Assembly of a flange or a | 12 | With full penetration RTorUT  |25% (los) 1% (oo} (25-10)% [(10-3) % 10%(25)|5% (lo)
collar with & nazzls MT or PT 10% e, d 10 % C‘W\J 10 % ([00 10% 10 % d
13 ‘With partial penetration | RT ar UT NP NA NA, MA MNA NA,
MT of PT ME 100 % 100 % 10 % 100 % 10 %
14 With full or panial penetration RT or UT 0% 0% 0% 0% 0% 0%
o = 150 mm and & = 16 mm | MT s PT 0% 10%d N 10% 10%d 10% 10%
Sioin oi biaachi® 15 | With full penetration di= 150 mm and & > 16 mm RoruT  [28%(1we)] 10% (3525 Jo % [E:aé‘:s 1o%(2s)[5% (Is)
MT or PT 10 % 0% 10%  (fo0)| 105 0 )| 7o 10% o
16 With full penetration of < 150 mm or & < 18 mm. RT or UT 0% 0% 0% 0% 0% 0%
MT or PT 100 % 10 % o (00105 % (10 % 10 % 10 %
17 with pariial penetration for any df RT or UT A (mn) NA (25 Na _Nifj_f—fo) WA, (25} NA
a =16 mm {see figure 6.6.2-2) MT or PTI 100% 10% (100-10) % | 1g = d 10 % 108 d
18 | with partial penatration of > 150 mm. RT or UT NP [ NP NP [ o
@ = 16 mm.{see figure 6.6.2-2) MT or T NP NP NP MNP 10 %. 10%
19 Wiih partial penetration of < 150 mm RToruUT 0% 0% 0% 0% 0% 0%
& <16 mm.{see figure 5.6.2-2) MT or PTI 100 % 10 % {100-10) % | 10 % 10% 10 %
140 With reinforcing plate MT or PT 25 % 10 % 10 % 10 % 10 % 5%
18] | \ed joint in reinforcing piate ® RTorUT  [100% 100°% (100-10) % | (100-10) % | 25 % 0%
MT or PT 100 % 10% "U%d 10 % 4] i}
Tube ends inta hibeshest | 20 MT or PT 100 % 100 % 100 % 100 % 25 % 10 %
Parmanent attachments | 21 With full panatration or partial penetration MT ar PT Jo% (loC 10% 100 % 10% 10% 10%d

Version 13.2 — General

e The fatigue analysis can now also include the effect from mechanical loading in
addition to pressure cycles. If a nozzle load calculation has been performed for

the nozzle, suggestive values for the stress range will be suggested when adding
these mechanical loads to the fatigue analysis. An option is also included to allow
the cycles from pressure loading coincide with the cycles from pressure loading.
Added a new module for detailed analysis of fatigue to section 18 of EN13445,
covering both welded and un-welded components.

When calculating the flange extension of a tubesheet, the required input data can
now be automatically retrieved from the mating flange.

Seismic loading to EUROCODE 8 can now be applied to horizontal vessels on
saddle support.

Added a new module for seismic loading to ASCE 7.

Added a new option for seismic loading on vessel located inside
building/structures, the user has to select location of vessel if it is ground
supported or building/structure mounted.

Added a new option for wind loading to EN 1991-1-4 for calculation of the
structural factor cscd according to Annex C, procedure 2 as this method may be
alternatively used by some national annexes.

Added new options for adding external loads to vessels. The user may select any
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of the four alternatives below:

1-3| Load Description [ 1D | FackN| Fy-kN| Fz-kM | sfmm) | wimm] | z(mm)] |
1|Loads on M. 11 n1101.414 11,414/ -2 BO04.22 | -504.22 1 BOD
2[Loads onM.4 nd |2 1] -2 S04 |0 12700
3| Loadz on M.7 ny o i 2 -2 1] a04

1-4 | Summation of External Loads Listed Above

[l 1 "Wectar cambined[Maoments Meglected]

T 2| Conzervative, absolute values usedMoments Meglected)

&

Yector combined(Moments [ncluded)
Conservative, abzolute values uzedMoments Included]

0

The summations of absolute values ensures a conservative design, while vector
combination is the recommended method in section 16 of the EN13445 standard.
The inclusion of external moments from nozzles may according to standard in
most cases be neglected, however in some special cases when the nozzle
diameter is large compared to the shell diameter it can be included.

e The buckling calculation for vertical vessels supported by legs have now been
modified so that a buckling analysis is performed for all legs and all load cases.
Previously this analysis was only performed using conservative load values,
resulting in some cases in a over-conservative design. The results are however
still conservative as in the EUROCODE EN 1993-1 fY is the yield point, but in the
VVD calculations fY is taken as the nominal design stress since no partial load
factor has been included.

e A standard flange ASME B16.5, DIN or EN1092-1 can now be attached to all
relevant components without performing detailed calculations. Previously this was
only possible for attachment to nozzles.

e Corrected a problem with regards to movement of the ref. datum line for tall
vertical vessels. In some cases the ref. datum line would move without operator
instructions, this problem has now been corrected. The command Set/Move Ref.
Datum Line, to move the datum line along the z-axis has also been improved.

e Corrected a problem with regards to material temperature changes of multi-
chamber vessels. When changing the temperature in the process card and
requesting an update of the related material properties, the software could in
some cases also update materials not belonging to the selected process card,
this problem has now been corrected.

Version 13.1 — General

- Added calculation of circular flat ends with radial reinforcement ribs to EN13445
section 21. This section applies to both bolted and welded ends.
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- Added a new feature for fatigue analysis of multiple chamber vessels, the
selection of components can now be related to the connected process card.

- Added a new option to apply the fatigue analysis method in EN13445 section 17
to vessels/components designed with the ASME VIII Div.1 module. By using the
method given in EN13445 section 17, the maximum number of cycles can be
determined for all components.

- Added deflection check of covers to TEMA RCB-9-21 for multipass units.

- Corrected a problem for calculation of untubed area in the tube layout module, in
case of multi pass layout and switching to a single pass layout the untubed area
could sometimes remain non zero from the multi pass calculation.

- Included a new option to exclude the use of section 10.4.4.4 for calculation of
welded flat ends in case the end user do not want to include an analysis of fatigue
to section 17.

- Added calculation of deformation to EN13445-4 section 9.2, and check of cold
forming deformation limits to Table 9.4-1.

- When calculating openings/nozzles located in rectangular vessels the user may
now specify the value for the ligament efficiency manually.

- The module for fatigue analysis has been modified so that it will automatically
update the component list if any of the input parameters in this table has
changed, i.e. thickness, Pmayx, f etc. Suggestive values for Etta for piping bends
are now taken from Table 10.3.2-5 in EN13480.

- The material database has been expanded and updated.

- Added a new option to accommodate a local reduction of thickness in the
periphery of the tubesheet for a gasket/relief groove to EN13445 section 13.5.2.1
b) and 13.6.2.1 c).

- The volume for jacketed vessels could in some cases become overestimated,
resulting in too conservative loads on the vessel support. This problem has been
corrected, however when defining a new model the type of vessel to be selected
needs to be ‘Jacketed Vessel in order to avoid this problem.

- The command for moving the ref. datum line has been improved. However keep
in mind that some parameters may need to be altered manually, like the liquid
level in the process card(s).

- When applying skew/side loads on a lifting lug, the additional stresses in the pad
and shell are now checked in addition to the stresses at the foot of the lifting lug.
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- Itis no longer possible to delete the main component(parent) if other components
are copies of this component. In case the main component is re-named all

references for the copies are now automatically updated.
ErM13445 13.5 Fized Tubeshest Heat Exchangers

6 DATA RELATED TO BUCKLING OF TUBES

-4 [ Baffle Plates
Buckling Length Specified by Uszer

O_;

C 2| HE without baffle plates or with one baffle plate MOT supporting all tubes

3| HE with several batfle plates MOT supporting all tubes

[CIE] HE with ore or zeveral baffle plates supparting all tubes

~ Tube length between inher faces of tubeshesets L T
" Distance between baffles az shown in sketch below N 643.00 mm
+" Distance between baffles a3 shown in sketeh belaw M 643.000 mm
+" Distance between baffles a3 shown in sketeh belaw 2 640.000  mm
" Distance between baffles az shown in sketch below ['2 640,00  mm
~" Distance between baffles a3 shown in sketeh belaw 3 640.000 mm

A new option to calculate the value for buckling length according to equations 13.9.3-1
and 13.9.3-2 has now been included.

Version 13.0 — (January 2013) Updates to latest code amendment

Version 13.0 includes a number of improvements and additions. This version is also in
compliance with:

- EN13445:2009 Issue 4
- PD5500:2012+A1:2012

Version 13.0 — General

¢ Newsflash - Direct communication with end users. Newsflash is a new
functionality that allows a direct communication with end users. Information can
very quickly be transmitted to the end user. Newsflash will automatically update
after a few days as long as the PC is kept online. This information channel will be
used to better inform the end users of new modules available, new features,
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discovered/solved problems, changes to standards, testing of new modules,
available courses and so on. This new feature will greatly enhance the
communicating with the end users.

e VVD Version 13.0 is compatible with Microsoft Windows 8.

e For external loads on nozzles, a new method has been added for calculation of
stresses in nozzle neck to accommodate all external loads including shear forces
and torsional moment. Design method has been based on PD5500 Annex B.

e Improved the 3D drawing module

e The module for calculation of expansion bellows now can handle half a
convolutions, so that the cylindrical shells on either side of the bellow can have
different diameters.

e The module for calculation of rectangular vessels to EN13445 Section 15 and
ASME VIII Div.1 Appendix 13 is no longer is test status.

e Added TEMA Table R-4.41 for minimum thickness of baffle/support plates.

e Updated the material libraries. Added a new column for minimum material
thickness for the EN-material library according to Table E.2-1 in EN13445-2:2009
issue 4. For some EN-materials, the material properties for thicknesses between
150 mm to 250 mm was not yet included, these have now been added.

Hexagon PPM, Visual Vessel Design (VVD) version 2018



E| PED Classification Tool

4‘5*0

s OaMTECH. AS

*.r i-‘ PR[SS[ RE VESSEL SOFTWARE

chmTech PED Clagsification Tool Version 1.0, Page 1

Vessel ID | Eguipment Type fo Arfice 3: 1.1 Vessels
Fluid State: Gzsous

Equipment Type to Aricle 3 Fluid State Flaid Group: Group 1 - Hazardous Fliids
Lol e  Gasous Maximum Alowable Pressure(PS) in Barg): 22
1.2 Fired/Heated Vessels || Liquids Maximum Volume(V) In Litres: 200

o Fluid Group Produet of PSV = P35 *Voi= 4400 Bar lifres

@ Group 1 - Hazardous Fluids Tani flssooategoliid

B 2 o Haetds Modwle Combingfions Modukes B+ D, arModues B + F, or Modwie G, or Modue H T
© Flide WOTE: Exceplionaily, vessels infended 1o confain an unsizbie gas and falling wihin categories! orif
on the hasis of table T must be classified in category il

PS5
Input Parameters (bar) }
M arimum Allowable Pressure(PS) in Barlg) 22 10 000
I arimum *alume] in Litres 200

Module Selection p@ 1000
Modules B + D

Mgdtjl: B : F Calculate/Find Category @))
Module H1

Mo Module(s) Selected Clear all fields
Create a PDF file
PRINT 35355

Close ‘

Article3, paragraph 3

il
u O\\O\® ...,
T T T T T
0.1 1 10 100 1000 10000 VL)
Table {

Vessels referred to in Article 3, Section 1.1 {a). first indent

Selected Module G
Module G (EC unit verification)

1. This module describes the procedure whereby the manufacturer ensures and
declares that pressure equipment which has been issued with the certificate
referred to in section 4.1 satisfies the requirements of the Directive which apply
to it. The mamufacturer must affix the CE marking to the pressure equipment and ~

Avar nm a daclaratrion nf conformd e

< >

o A new tool has been added for PED classification of vessels. Based on fluid type,
pressure and volume the applicable PED category is determined and a report can
be generated. The applicable module combinations will also be displayed and
when selecting a module/module combination all relevant requirements will be
included in the report.

The external loads module have been rebuild and significantly enhanced:

¢ Any type of vessel, no limit on geometry, is now supported by the external load
module. The external loads module can now be used on all the different support
types, including skirt support, bracket support, ring support and leg support (legs
welded to bottom head or in cylindrical shell). In case of a vessel where loads will
be transferred thru nozzles, the required nozzle loads will be determined.

¢ Added seismic load calculation to EUROCODE 8 / EN1998-1, the horizontal
elastic response spectrum is generated based on values for TB, TC and TD. TB
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and TC are the lower and upper limit of the period of the constant spectral
acceleration, while TD is the value defining the beginning of the constant
displacement response range of the spectrum. A library has also been included
with values for all required input parameters.

B Comment S eizmic responze spectrum for BASF in Ludwigshaten Ground Type BASF - LU

B Design ground acceleration ag 0.4000  m/s2
'ﬂ"_Tl Lawwer limit of the penad of the constant spectral ace. TH 0.1000 E 2
A Lpper limit of the period of the constant spectral ace. TC 0.5000(+ =
M v/ alue defining the beginning of the constant displrange D 2.00]% =
M & oil/ground factor 5 0.7500] %
# Damping corection factorbetal=2.5 for 53 viscous damping) Betal 2.50
B Behavior factor(g=1.5 for steesl structures in ductility class 1] q 1.50
'ﬂ"_Tl Critizality factor[gamma=1.0ta 1.6 depending on impact and fluds] — gamm. 1.00 E
VI F0.00 od

B Yertical spectral responze in percent of harizontal

Openings in the skirt are now checked according to the new EN rules, and a
complete analysis is performed for all specified openings. Openings of non
circular shape can also be included. The reinforcement of the opening can also
be specified and checked. The moment of inertia is calculated along the complete
length of the skirt and the report will show the location of all weakening spots and
the strength reduction. There is no limit to the number of openings that can be
included in the analysis. For more information regarding this method, reference is
made to the relevant sections in the VVD Code Assistant. The printout includes a
table listing all weak points of the skirt as shown below.

WEAK AREAS IN SKIRT DUE TO OPENINGS

Z Loc.(mim) Skirt hiean O{mim) Fred AHmimie) Sect.hod mm3) ep=(mm]) Ma. Open. psil psil
848 2050 112347 681 7S84 11806 2| 0872 | OFI6
435 Z050 118072 SO0ZT004 0000 6 [ 0817 [ 0817
psil area reduction of skirt = actual area / area of unpierced skirt.

psiz

section modulus reduction of skirt =

actual value/value of unpierced skirt.

Mote: Skitis plerced and has e maximum weakening &t z= -048mm

New module for Tall Tower Analysis. This new module allows the user to apply a
global load analysis of all vessel geometries, on any type of support.

The required torque of the anchor bolts will now be calculated for vertical vessels
on skirt support, the user may however specify any value for the bolt assembly
factor.

Safety factors for the anchor bolts are now taken from the new equation 22.8-1 in
EN13445, using a safety factor of 1.65 against yield at calculation temperature of
the anchor bolts, and 2.0625 against tensile stress at 20 ‘C. The user may specify
a different calculation temperature for the anchor bolts.

A new option has been included so the calculation temperature for the base of the
skirt can now be specified by user, and set to a different temperature than the
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design temperature of the vessel.

e A new option has been included to allow the user to select different materials for
the lower part and upper part of the skirt.

e The calculation of exposed area is now uniquely defined in section 22 of
EN13445, for all components, including body, skirt, platforms, ladders, external
piping etc. The drag/force coefficients have also been defined for all these
components.

e The external load module for i.e. wind and seismic loads to UBC or Eurocode can
now be applied to all the different types of support available in the software, not
only limited to skirt support.

e Platforms can now also be located on top of the vessel.

e Live/traffic loads on platforms can now be included in the external load analysis,
EN13445 recommends a uniformly distributed loads of 2.5 kN/m2 to be used. If
more than two platforms exist, the traffic loads only on the three largest platforms
have to be considered.

e The force/drag coefficient can now be specified separately for all user specified
components, default values are as suggested in the EN13445 standard.

e The anchor bolt calculation for vessels supported on legs have now been
corrected as previous design was over-conservative.

e Foundation loads can now be included in the report for all type of vessel supports.

e The module for detailed load analysis of external loads can now also be used for
vessels with legs attached to the end/head of the vessel.

e The external loads plot function is significantly improved and can be used as a
tool to verify the applied external loadings on the vessel. It is possible to plot the
deflection, forces, moments, shear forces, mass distribution and stresses in the
vessel along the z-axis for all the individual load cases.
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(7 Wisual Yessel Design - Material Chart

Load/Deflection Diagram
20
L
10 e
- re
"JI | | et I P B 9 |
a0 e — .r"| 1 \‘\ .__,..."_ == | Z1 Hydrotest - Moment(kMm)
"“\H/ __,,.-#"' T L 2 Oper ¥Wind - MomentrkNim)
-10 L _,..--’ = |C 1 Hydratest - Shear Farce(kM)
20 LiC 2 Oper Wind - Shear Force(kM)
(= g o= === ||| |—|=|=— |— [= |— |
& (P (L — @ = | e = (@ | e e | e = i e | (6
- o I e R == B T o = e el = 7 B R T B = B o
\ T o e S0 R e 0 ) o o oo LD
Z-Walue
External Loads and Deflection T For Future Lze
Properties
Select LoadCases Selected ltems ZH4alue |2000 S}"':"'“'\“EE‘I“ES| Show 3D ‘ Save
4l LoadCases - LC 1 Hydratest - Moment(kMm] LC1 [LCz
LC 2 Opertind - Moment(kMm] | Fu[Fareeiny|  1.350098E-04  2.700195E-04
FrlForce in =-dirl(kh) LC1 H_I.Jdrote;t - Shear Force(kM) Fz(Farce in: i i}
FylForce in y-dir)[kM] >3 ||LC 2 Operwind - Shear Forcelkh M{kNm] 0792773875 1 FAEE47T5
lmy[dmd] : z
WMazs Distibutionikamm Fu[kMm] B4 5972 -23, 063026
Shear Farce[kM] kA z[kMm] 1] 1]
Mament(kNm) a8 Lig.Head 00082433 i
Deflzction{mm) ly[dmd] 220927E+09  2,20927E+03
ﬂ Maszs Distrib 1.05353; {3
tazs(kalmn 1.05393 04997526
Shear Force -9403,867 144 611
Fram |-138 mm To|5473 o Undate Chat Moment{kNr 1144201 2689143
pdate Char -
Paint Value [+.Y) | Deflection[rr]  1,340788E-03 -7 463944E-03

The plot above is related to the sample file Steam Generator, a vessel located on
saddle supports, where the load distribution is asymmetrical. Shown are the shear
forces and moments for the two load conditions Hydrotest and Operating Wind. It is
also possible to display the results at any z-value along the length of the vessel,
above is the value displayed at z = 2000 mm.

External loads from nozzles can now be retrieved automatically in the external

load module. The combination of nozzle loads can be performed conservatively.

platform can be located on top of the vessel.

Components can now be located outside the boundaries on the z-axis, i.e. a

Added a new module for calculation of natural frequency of complete vessel for

all load cases. The natural frequency can now be calculated for all vertical
vessels, not only those supported by skirts as in previous versions. To enable
calculation of natural frequency with high accuracy the mass distribution needs to
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be specified in detail by the end user. For non-pressurized parts please add ‘User
Specified Components’ (U) to define additional weight, live loads, projected
surface area etc. A number of pre-defined user specified components are
available, including platforms, ladders, insulation, lining, trays, packing box, and
external pipes.

Natural Frequency of Vessel

The natural frecquency of wibration iz based on Rayvleighs method of approximation:
T = Z%pi*Sgr (Sum (Wi%yi*2) Alg*um(Wi*vyi) ) ) where
Wi iz the weight of the i th. element and vi iz the deflection of this element.

LOAD CASE Fundamental Perodi=) Matural Frequency He)
LOAD CASE NO: 1 - HYDROTEST 0.0195 = 5116 He
LOAD CASE NO: 2 - ERECTION 0.0109 = 91.56 He
LOAD CASE MO: 3 - OPERMYIMD 0.019% = 50.56 He

e Added a new option so that the user may connect a conical shell directly to the
nozzle pipe.

e PD5500: Figures 3.9-3 to 3.9-10 applicable for floating tubesheets have all been
re-digitised.

o The error handler has been improved, and should be able to provide valuable
feedback to the end user with regards to the cause of the error/problem. Below is
an example of a of cylindrical shell subjected to external pressure, the value for
the unsupported length L was incorrectly set to zero by the end user. In this case
a division by zero is encountered for the calculation of parameter Z, a reference
to formula in standard is provided and the formula along with the values is
displayed.

VVD X

31,3 Cwlindrical shell Main shell
Unexpected Errar # 11 OP=2,3 Z Description: Division by zero

Formula Ref.:8.5,.2-7
Formula; Z=FI*R [L :l
Walues =3, 14+427.5/0

e Corrected some functionality problems i.e.:
- Sometimes a warning could be incorrectly displayed when using the ASME
module with temperatures above 343 ‘C.
- In some cases the drawing of expansion bellows was incorrect/missing
- In some cases the reinforcement pads was drawn incorrect.
- The error handler could sometimes go into a loop when division by zero was
encountered.
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¢ Almost any odd shaped vessel can be designed using the VVD software.
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