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» This step-by-step tutorial demonstrates the functionality of SDC Verifier Optimization Tool, incorporating Plate Element Rule;
* Model members are Optimized based on Criteria Plot results;

» Optimization Rules Overview;

» Optimization results in Tables and Plots;

* Results Comparison;

» Adding new Thicknesses Objects in Ansys Mechanical geometry node.

» Complete information on Optimization Tool may be found on our website via this link: Optimization Tool | Help | SDC for Ansys

(sdcverifier.com)
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Predefined Project

This tutorial uses a Project with predefined Individual
Loads, Load Sets and Load Groups.

The model contains Plates, Beam elements and Welds.

Also, a relevant Standard has been previously added.

I @ Views (1)
I B Model
I E Recognition
« B
4 [ 1.Installation/Retrieval
I & Individual Loads (T)
*% Predefined Load Cases (0]
I ++ Load Sets (12)
4 Load Groups ()

I FG Fatigue Groups (1)
R Tables (0
" A" Plats (0) vooo 200 ol
: Tools © T 2 aaaaaaas 002020202 Saaaaaaas
4 Standards (1) 1,250 3,750

I 1..Eurocode3 Fatigue (EM 1993-1-9, 2005)
[ Post-Processing
[Z] Optimizations (0)
[}l Reports (0)

A separate Tutorial with detailed instructions on how to add,
define and edit the Standard can be found via this link:
https://sdcverifier.com/tutorials/eurocode3-fatigue/
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Run Analysis SDC Iz
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Eurocode3 Fatigue (EN1993-1-9,2005) Criteria Plot SDC
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I @ Views (1) Th f g C . . .
Expand Standards => 3..Eurocode3 : amz"mo“ e purpose of creating Criteria PlOt.IS to
_a Fatigue (EN1993-1-9, 2005) => Checks (3) : ;Bé#,h;m preview the results of Eurocod.e3. Fat.lgue Check
° Lale)
and select 2..Fatigue Check e ) and pick the members for Optimization.
r] 1;Eurocode.3 Fatigue (EN 19393-1-9, 2005) . —
_a Execute right click on 2..Fatigue Check LB oS ) g
and select Criteria Plot n 2 Fatigue Chec) o [ el |
| POH_PE;-;: e ' ; Default Title |Overall Summed Damage (FG1, All Entities, v1, Total) |
oe = PRI & Edit escription
Press | i¥] to select Load Group %g;::"ﬂ;““ e Peciin | &
[d | Copy Options |Selection
. . Remove Check 2.Fatigue Check kS i}
_e In Fatigue Group, select Fatigue Group, Copy o Standard N :1 FHZUEG = & ,,- ED n
- . @ Show Parameter References in Formulas - = - e
gnd thoelr(‘ 1’ ‘Fat'gue Group 1’ MWEP b F | Show Result for 1.Fatigue Group 1 - I:‘ Iz‘
ress Clear Results arameter _Summed Damage
Table (expand/extreme) P_ Et i 5
Parameter: Summed Damage; Components Extreme Table (over selections) Disdtion —
. . . B Flow Table (over| Point of Intere v e | AbsMay ~
Direction: Overall e 5 tel |
Contour Plot W EEmeus
. e e [ select Load —
_e Selection: All Entities o s SR N I [Nore [#] uimis [none =
Individual Load [ search | oK | | Cancel |
Lmjd . [ 1.Fatigue Group 1 —
Press [2)| and then Preview AEeeT n n Bl Preview
—— jZ‘ Preview with Current View
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The Plot has been created to see the Overall Summed Damage on full model.

It is displayed in Ansys Mechanical.

B: Static Structural
Overall Summed Damage (FG1, All Entities, v1, Total)
Expression; RES1000 (Unaveraged) (Scoped to Elements)
Position:

Time: 7 s
21/01/2025 14:56
1,2

1.1
1
09
0,3
07
0,6
0,5
04
0,3
0,2
0,1
0 Min

-

0,000 2,500 5,000 (m)
I 2 . ]
1,250 3,750

https://sdcverifier.com



https://sdcverifier.com/?utm_source=pdf&utm_medium=tutorial&utm_campaign=get-started

Set Limits for Criteria Plot (Additional Functionality) SDC

VERIFI

In order to single out the segments with high Utilization Factor, excluding the
rest of the elements, Limits function serves for that. The settings of Check
Criteria Plot from Slide 6 should remain the same.

In Limits, press ol

Type: Above Maximum;
Maximum: 1;

Fatigue Check Criteria Plot — *

Press OK

ID 1| Tite| |
Press e and then Preview The Result Default Title | Overall Summed Damage (FG1, All Entities, v1, Total) |

Description [ 92 it x| [v

Options I -

/ “:3!,,52 Check @ I::plr | Above Maximum ] E

ms e .feig Minimum 0 >_[_n [~][]

Show Result for E S . | D E

:::::r % [ Absolute Value

Point of Interest Total | ok || cance |

Wiew 1.Default View w uﬂemmfs 25154
wes o B e —l

ok || cancel |

/
@l Preview ||
ﬁ Preview with Current View
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Eurocode3 Fatigue (EN1993-1-9,2005) Criteria Plot for One Property §DC Iz

RIFIER

ol X
Select + All Entities and press to Faigne Check Crtera Plot — »
remove them
®  Components
= D |1 | Title | | &  Materials
Press |_=/|to add Condition; Diefault Title |O\.rerall Summed Damage (FG1, All Entities, v1, Total) | I  Properties
Named Selecti
Select Components Description | Q [ | B Nomedselectors
_L Joints 3
. . . Options Select #1  Beam Members [
Select 4..0ptimization Elements; Check [2-Fatique Chect | [ ] [ 5 | Bear Section ,
PreSS OK Fatigue Group |1..Fatigue Group 1 | = Sections b
Ak Welds ’
Show Result for | 1..Fatigue Group 1 v | & | Connections \
Limits: None Parameter | Summed Damage | Property Type (Rod, Beam, Plate, ..)
Add Components Condition — =] % Direction | Owerall v | 0  Property Shape (Circular Tube, |-Beam, ..)
) B = t Tepelogy (Tri, Quad, Brick, ...)
Press @l and Operation | Add v| Point of Interest | Total *’| Type | Absha: V| A;::i:ib:paogy . ne
then Preview SlreaarCh [ e | View | 1-Default View ’|E Elements T Additional Rules ,
Filter | | | Y. | ‘L) Recent (6) »
Show | Al || = | Labels |Ncme | Limits 4 , Import from Components
Press OK T ¢

[J 1.Component 1

[ 2.for results @I Preview ||

[ 3.Eurocode3 Shapes (s1) . _ _
3 ] 4.0ptimization Elements ﬂ‘ Preview with Current View

The members of Components have UF Overall value above 1. An Optimization

Rule for these members will be created.

Selected: 1/4 [ ok || cancel
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Criteria Plot for One Property(Continuation) SDC Iz

VERIFIER

The Plot has been created to see the Summed Damage Overall for one Property.

Ansys

2024 R2

Zoomed-in elements before
Optimization

0,000 2,000 4,000 (m)

1,000 3,000
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Optimization Tool and Optimization Rule. Theoretical Aspects SDC M
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Optimization Tool allows to take the best design decision for the
structure by calculating different combinations of design input.

Optimization Rule consists of a set of conditions that represent the part of the model, the type of
optimization and the referring parameters (usually, Utilization Factors) of design standards to be
optimized.

The following types of the rules can be created:

Beam Rule - beam/bar element cross section, yield stress and young modulus can be optimized;

Plate Element Rule - plate/shell element thickness, yield stress and young modulus can be optimized;

Plate Buckling Rule - plate buckling plate thickness, yield stress and young modulus can be optimized;

Weld Strength Rule - weld type and dimensions (leg sizes, throat thickness etc.) can be optimized.

Note: Only one Rule of each type can be
created within one optimization tool. Plate
Element and Plate Buckling Rules cannot be
created within one Optimization Tool.
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Create Optimization Rule SDC Iz
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In the Model Tree, execute right click An alternative method of using Optimization
on Optimizations and select Add Tool is placed in Home section of the Ribbon.
_9 Title: Eurocode3 Fatigue (EN1993-1-9, 2005) " —
r‘ > m Results Manager | ‘g Governin g Loads E] SDC APl Console
w/ © [& ExportResulis | iy, Peak Finder = 2 Run Script
. .. . UpdateModel  View  Analyze v Report Layout @ Freebody Optmiztion . Run Predefined Seript
_e Press [*lto create first Optimization Rule; S— Mai Resit Fost Prosessing Automation
Select Add Plate Element Rule Evosd
I @Jolﬁ?ﬂ
I # Tools
™ Optimization — 0 % 4 [ standards (1)
4 BH1.Eurocode Fa atigue (EN 1993-1-0, 2005)

Bl Following variables in formulas of the

General
D 1 Title |Eurocode3 Fatigue (EN1993-1-9, 2005 “ ecks (3) 0 .
B [ e e S a a 1 Nomine Crec Standards will be replaced with the

Description | [T 2. Fatigue Check

oo p 3 Fetlgue tress Overshoots values, defined in optimization during

Lasd Standards - Check - Limit Parameters Optimize Result b E che . )
: i | S 1 the calculations: S, SMat, SWeld, SPrin,
Eurocode3 Fatigue (EN1993-1-9, [— Add Beam Rule O] TR o Yield, Young. Stresses will be

2005) Standard, along with its
Checks and Parameters, can be
optimized by Plate Element Rule.

Add Plate Buckling Rule =  Remove Multiple
. Add Plate Element Rule

Add Weld Strength Rule

recalculated in the formulas of the
standards using the updated thickness.

Renumber

HT =

Plate Element Rule is used to optimize plate/shell
element thickness, yield stress and/or young

modulus. It is typically used for Fatigue Standards.
Common options are described in Optimization Rule.

Note: If there are multiple Standards, calculated in the SDC Verifier
Project, all of them will be listed in Select Limit Parameters.

EllS

Cancel
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Optimization Tool Rule. DNV Buckling Strength of Plated Structures §DC Iz
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Y o imization Tool Rule — O Y
_G In Load, press i¥| to select Fatigue Group ~ |= ™= ™™
Load Variable Option
Fatigue Group 1.Fatigue Group 1 1 “ Optimization Variable Thickness N
Select Fatigue Group => 1..Fatigue Group 1; | imipeometers Optimize Variable by; ® Min Value
PI"GSS OK Standard Check Limit Parameter Direction Limit ) Max Value
'3‘ rouped Variables
. . _ Selection
_e Press |*| to add Limit Parameters E

Select Load - O x
Load Type Fatigue Group
O Individual Load | Search |

@ L=riw | 1.Fatigue Group 1 |
) Load Group
(®) Fatigue Group

Jobs

1.Installation/Retrieval

ok || cancel

| oK | Cancel |
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Optimization Tool Rule. DNV Buckling Strength (Continuation) SDC Iz
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Standard: Eurocode3 Fatigue (EN1993-1-9, 2005); Note: Only chgcks that fiF the type of thg rule (l?eam, plate
Check: 2..Fatigue Check; buckling etc.) will be displayed in the list.
Parameter: 6. .Summed Damage Standard - Check - Parameter — O et
. . . Standard Check Parameter
Dl reCtlon. Overall n 4..Euracode3 Fatigue (EN1993-1-9, 2005) 1.Mominal Check 1.Use Hot Spot Stress
2.Fatigue Check 2.5ize Effect

= Owershoots 3.Delta Stress
In lelt, preSS "‘i 4, Fatigue Strength at 2 million cycles
5.Fatigue Damage
_o Type: Between;

n 6.5ummed Damage
7.Damage root 3

Minimum: 0 and Maximum: 1; 8.Damage root 5
Press OK Limits are qsed to.ﬁlter results and find the
best matching optimal result. A result that
passes the limits and matches the variable
Press OK type (e.g. Min Cross Section Area) will be
Limits X chosen as an optimal result. a
e Direction | Overall v
- s’ 6 |

| —

H Minimum |ﬂ | | = ‘ | p— |
| Maximum | 'I| | n

[ Absolute Valus

Note: If the parameter had already been added, it will not be
m ok |[ Cancel | shown in the list when adding another parameters.

https://sdcverifier.com
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Add Multiple Item §DC Iz
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o ) ) Optimization Variable - select the type of the variable to be optimized
Optimization Variable: Plate Thickness; (Plate Thickness, Young Modulus, Yield Stress);
Optimize Variable by: Min Value is ON

Optimize Variable by - find an optimal result based the on min/max value
of the variable type. For example, to optimize the structure according to
the lowest weight - select Min Value of Plate Thickness.

Press |*| to add multiple Grouped Variables

° L4 Optimization Tool Rul - O x
Press and select From List 2 Optimzaton Tl e N\
Load Variable Option
Fatigue Group 1..Fatigue Group 1 | Optimization Variable n{fhicknﬁs v
Select 4..0ptimization Elements;, it Paramcters Optimize Variable by: ® Min Value
Press OK Standard Check Limit Parameter D IE‘ () Max Value
4.Eurocode3 Fatigue (EN1993-1-9, 2005) 2.Fatigue Check 6&.5ummed Damage ¢
I:‘ Grouped Variables
ltem — O b4 I:‘ Selection
LS ) Thickness [m] Yield Stress [Pa] Young Modulus [Pa] Components - o x |:|
l:‘ l:‘ l:‘ Search D
o [ e |
Filter ‘ ‘ | ?. ‘ |:|
Show | Al =l
[J 1.Component 1
[ 2.for results
] 3.Eurocode3 Shapes (s1)
@ 4.0ptimization Elements
| ok || cancel
15 Selected: 1/4 https://sdcverifier.com
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Add Multiple Item (Continuation) SDC Iz

VERIFIER

Note: When defining Thickness [m], that
refers to Step 5, it is required to press | <=
each time the parameter is incorporated.

Press |*] to define Thickness [m]:
0.015; 0.025; 0.040

_e
_O

Press OK N
Add Multiple ltem - O e
Selections (1) (Elements) _ ﬁ .
IE |E| O;:\:kness [m] 5 Yield Stress [Pa] % Young Modulus [Pa] %
Component '4..Optimization Elements’ E 0:{]25
Thickness - create a list of variables that 004 |
will replace Thickness of the plate/shell (%]
elements in all defined selections;
Yield Stress - create a list of variables
that will replace Yield Stress of the
material in all defined selections;
Young Modulus - create a list of variables
that will replace Young Modulus of the -]
material in all defined selections; ]
| ok || cancel

Note: Optimization result will be calculated for all combinations
of Selection + Thickness + Yield Stress + Young Modulus.

https://sdcverifier.com
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Selection of Grouped Variables; Calculation SDC Iz
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Thickness=0.015
Thickness=0.025

CIE

_G Press OK Optimization Tool Rule - O X
Load Variable Option
Fatigue Group 1..Fatigue Group 1 | Optimization Variable Thickness ©
. . o Optimize Variable by: ® Min Value
_a Activate the section Frammets — .
Standard Check Limit Parameter IE‘ ) Max Value
1.Eurocode3 Fatigue (EN 1993-1-8, 2005) Z2.Fatigue Check 6.Summed Dam,
9 e = Grouped Variables
. . . Iz‘ Selection
Press Calculate to run the Optimization Component 4. Optimization Elements'

Optimization _ O % Thickness=0.040
PreSS OK General
D 1| Title |Eurocode3 Fatigue (EN1993-1-9, 2005)
Description | |

' Load Standards - Check - Limit Parameters Optimize by Result '

1..Eurocode3 Fatigue (EN 1993-1-9, 2005)

R ue G 2.Fatigue Check - 6.5ummed Damage.Overall, Limit: [0:1]

Min Thickness

(][] S

SDC Verifier *

\ oK Cancel
0 1 of 1 rules have result

\

Grouped Variables that are calculated.

@

Tl ok || cancel
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Optimization Results in a Table

SDC W
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000

Activate the section

Press ||E ||and select All Results;

Press Close

Press LB and select Optimal Result;

Press Close

Result Table - m} X
1.Eurocode3 Fatigue (EM 1993-1-9, 2005)
Group Thickness [m] 2.Fatigue Check
6.5ummed Damage.Overall
Component ‘4. Optimization Elements’ 0.025 0.86

This is the Optimal Result, which will
be used for changing the Plate shape.

18

Optimization - O >
General
I 1 | Title Eurocode3 Fatigue (EN1993-1-, 2005] |
Description | |V|
Load Standards - Check - Limit Parameters Optimize by Result
. 4.Eurocode3 Fatigue (EN1993-1-, 2005) .
FG1..Fatigue Group 1 T Min Thickness Calculated
Result Table — O X

Calculaty

Group

Yield Stress [Pa] Young Modulus [Pa] Thickness [m]

Companent '4.Optimization Original Madel (250.00e+8) Original Model (200000.002- Original Model (0.008)

Component ‘4. Optimization
Component '4..Optimization
Component '4..Optimization

0.015
0.025
0.040

The results for all variables.

1..Eurocode3 Fatigue (EN ~
2.Fatigue Check
6..5ummed Damage.Overs

28.85
4.12
0.86

0.20

2,3

oK Cancel

Bl Optimal Result
BH Al Result

https://sdcverifier.com
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Plot Optimization Results SDC
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Optimization - O >
Activate the section Genersl

ID |1 | Title |Eurocode3 Fatigue (EN1993-1-9, 2003) |

Description | |V|
Press @I to pIOt optimal resu It on the mOdeI Load Standards - Check - Limit Parameters Optimize by Result I

; 4._Eurocode3 Fatigue (EN1993-1-9, 2005) S
FG1.Fatigue Group 1 2-Fatigl.: T Min Thickness Calculated
_e Press OK

The Result

/

/
Zoomed-in elements after Optimization

0,750 2,250
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Compare the Results SDC Iz
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This Tutorial demonstrates only the workflow with the Optimization Tool. Optimization Rule can be set even
more precisely. For example, using the Peak Finder you can group only the overshooting elements into a
Component and run the Optimization on this Component. Multiple rules with different variables can be set.

The Result before the Optimization. The Result after the Optimization.

20 https://sdcverifier.com
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Add Plate Properties SDC Iz
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Optimization

- o x
Activate the section Genera :

ID 1| Title |Eurocode3 Fatigue (EN1993-1-9, 2005) |

Description | |V|
Press Chanee Model ' Load Standards - Check - Limit Parameters Optimize by Result '

g EG1.Fati G 1 1..Eurocode3 Fatigue (EN 1993-1-9, 2005) Min Thickne Calculated
RanTEe ot 2.Fatigue Check - 6.5ummed Damage.Overall, Limit: [0;1] 1N fhickness aicuia

Press Yes n

SDC Verifier

Press OK

Add Thickness object to Geometry node in Ansys Mechanical
tree? Warning: Results in Ansys Mechanical will be cleared!

Press OK

| Yes | | Mo

(2]
Calculate || Change Model | B ok || Cancel |

SDC Verifier *

Mew Thicknesses objects were added in Ansys Mechanical
Geometry node,

Check Thicknesses objects in Geometry node

.!
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