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Content SDC M
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This step-by-step tutorial demonstrates the interface of SDC Verifier Optimization
Jacket Model members are Optimized based on AISC 360-10 results;

Shape Library Overview;

Optimization Rules Overview;

Results Comparison;

Automatic Beam Cross Section Change.

https://sdcverifier.com



Project Description

SDCM

This SDC Verifier project has
predefined loading combinations,

recognition of beam members, and
AISC 360-10 Members check.

SDC Verifier 2021 R1.1 - DANextcloud\software\Tutorials\SDC Verifier Tutorials 2021\5DC Verifier Tutorials For Ansys 202 1\Optimization\Optimization tool_files\dpSDCvf\... — O et

File Settings View Model Recognition Job Tool Standard Post-Processing Automation Results Report Help
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- Views (1)
@. Model
i Jobs (1)
=k @ 1..Static Structural
%2 Individual Loads (6)
-+ Load Sets (4)
G-+ Load Groups (1)
FE Fatigue Groups (0)
' R Tables (0)
' -4 Plots (1)
'\ Tools
- Standards (1)
* = 1.Eurocode3 Members (EN1993-1-1, 2005)
B ot

i ®-[¥] Checks (19)
IEI EE —Pmcunng
= W Optimizations (0)
@ s(1)
Messages ~

11:17:19 Floating License was successfully obtained

11:17:22 Read Model

11:17:22 MNodes were read: 11265

11:17:22 Materials were read: 1

11:17:23 Propesties were read: 11

11:17:24 Blements were read: 5727

11:17:24 Constraints were read: 1

11:17:24 FEM Loads were read: 6 b

Nodes: 11265 | Elements: 5727 | SYS.mechdb MKS (Meter/Kg/Second) | Ansys _:
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AISC Results Plot SDC v
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Select AISC 360-10 Members > Checks > Overall

SDC Verifier 2021 R1.1 - DA\Nextcloud\software\Tutorials\SDC Verifier Tutorials 2021\SDC Verifier Tutorials For Ansys 2021\Optimization\Optimization tool_files\dpO\SDCvf\... — ] *

Right Click and Select Criteria Plot

File Settings View Model Recognition Job Tool Standard Post-Processing Automation Results Report Help

e S zddp BEHH BOA L & 4 F =l k(Fl

-4+ Load Groups (1) ~
FE Fatigue Groups (0)
- EB Tables (0)
i -4 Plots (1)
=N, Tools
= Standards (1)
= 1..AISC 360-10 Members (14th, 2010)
E] Input
£+-[#] Checks (16)
i 1..Beam Charactenistics
2

Let’s create a plot to preview the results >
of AISC Members check and pick the - Renume
3 1 1 i ,, Copy
members for Optimization el R
-~ i Optimizations (0
#-[1i Reports (1) Copy To Standard...
_— Clear Results
120453 Calculate [51]Chd -
4.54 M Table (expand/extreme)
12:04:54 CaIFuIae [SHFM @& Components Extreme Table (over selections)
12:04:54 Calculate [ST]Che B Flow Table (over loads)
120503 Abs UF Overal (B8] Criteria Plot lﬂ]
12:05:24 Plot "1..Abs Uf O @ Contour Plot o
Nodes: 11255| Elements] 7 Beam Member Diagram MKS (Meter,ngfSecnnd]| Ansys .
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AISC Results Plot

_0 Selection: All Entities
—a Parameter: UF Overall

Creating a plot to see the Overall UF result on a full
model
—e Press Plot 01

Plot will be displayed in Ansys Mechanical Window

SDC
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Criteria Plot — x
ID Title |
Description | ‘ v
Options Selection
Check 16.Overal | AL RS i it A
Load Group 1. Overal | |k |[CAEnites i (& [#
Parameter LF Overall ~ v X

c Al - 2L
LG Parameter Absolute e
Point Of Interest Total v| Type AbsMax ~

View 1. Default View v| |4 |#|  Bements 5727

Labels None || # Limits | None | |#
s Dt To Cares

M
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AISC Results Plot SDC v
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Let’s preview the plot for one property
Contour Plot

— X
q D - Titl Abs Uf Overall (LG1, Component '3 AISC360 selection (s1)', v1)
—0 Selection: Property Beam 11..300x10 - |
Description | | v
Options Selection
Press Plot [0 Check [16.0verall | . . . . . E .
Load Group |1..Load Group 1 | |+_Beam T1._300x10 Al #
g g q q g P te Uf Overall o
Plot will be displayed in Ansys Mechanical Window e [ Overe | n
Direction All ~ JoaRp
11 LG Parameter |Absolute V|
1 View 1.Defautt View vI[#] ¢ Elemens
0.9
0.8 Labels |N0ne | ’7‘ Data Conversion

sutmmatee z

Some members of property ‘11..300x10’ have UF Overall value above

1. We’re now going to create an Optimization rule for this members

https://sdcverifier.com



Optimization Rule SDC M
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SDC Verifier 2021 R1.1 - D\Nextcloud\software\Tutorials\SDC Verifier Tutarials 2021\SDC Verifier Tutorials For Ansys 202 1\Optimization\Optimization tool_files\dpO\SDCvf\... — O X

File Settings View Model Recognition Job Tool Standard Post-Processing Automation Results Report Help

Select Optimizations > Add B2 So® e pr BLBS BOa 4 L5 EAw
T e
& o . o @
Title: AISC 360-10 Optimization = B Standards (1)
i 1.AISC 360-10 Members (14th, 2010)
-2 Post-Processing
I e B
Press | 4| To create your first Optimization Rule e

= Remove M

©00

24
&% Renumber

Optimization - O X

General
D 1 Titld | AISC 360-10 Optimization| ‘
Description v

Load Standards - Check - Limit Parameters Optimize by Result IE]
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Optimization Rule

Click on Select Load

In the opened window select Load Group 1

Click on Select Limit Parameters |E\

In the opened window select Standard /
Check / Parameter as shown below

Click on Limits. Set Between 0 and 1

SDC
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M

Optimization Tool Rule

Standard - Check - Parameter — m] X
Standacd Check Parameter
1.AISC 360-10 Members (14th, 2010) 1.Beam Characteristics 1.Uf Axial
2.Circular Tube 2..Uf Bending Major
3.Rectangular Tube 3..Uf Bending Minor
4.8ars 4.Uf Shear
5.Section C £11F Ayial and Bendi
6..Section | 8.Uf Overall
7.Axial Strength
8.Shear Strength
9..Bending Strength Bars
10.Bending Strength I-beams
11..Bending Strength Channels
12.Axial
13.Shear
14.Bending
15 Toccion
16..0verall
Limit (D]

(014

=

Load . Ron
Load Group 1..0veral “aruble _Shape Cross Section Area v
Limit Parameters imi iable by: ® Min Value
Standard Check  Limit Parameter Limit ) Max Value
1.AISC 360-10 Members (14th, 2010) 16.0verall 8.Uf Overall None
Grouped Variables
Selection E‘
ok || Cancel
Limits X
- — Note: If you have multiple
ype - q
. n | Standards calculated in your
inimum o pe . .
: | SDC Verifier Project you will
Maximum 1 o o
e have all of them listed in
Absolute Val . .
n | Hesclute Value Select Limit Parameters
oK || cancel |
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Set Optimization Variable:
Shape Cross Section Area

Optimization Tool Rule - O X

Set Optimize Variable By:
1 Load Variable Option
M] n value Load Group 1.0verall Optimization Variable Shape Cross Section Area v

Limit Parameters Optimize Variable by: @ Min Value

Click on |4 to Select the Standard Check  Limit Parameter Limit E\ O Max Value

1.AISC 360-10 Members (14th, 2010) 16.Overall 8.Uf Qverall None 1

Variables to be Optimized Grouped Variables E

000

Selection

ok || Ccancel
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Optimization Rule

12

Using Rule Based Selector
Pick Property ‘11..300x10’

Click on to open
Shape Library

Add Multiple Item

Selections (1) (Elements)

] [o9] 2] [m] 4] | ] [ ]

Beam "11..300x10'

r

e (] [x][~][#]

[<][2]

Shape

SDC v
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=

L | | Yield Stress

at] [ ][]

Young Modulus

][ ][] *

‘ ‘ Cancel
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Shape Library contains a list of predefined or user defined shapes that can be used
in the Optimization, Shapes can be filtered, Organized in Lists, Added or Modified.

Shape Library — ] X

Filter by Selected Shape W40X397

Name Shape Lists | All v Area, [m*2] 0.08 ¥ Shear Area, [m*2] 0
Name Type Y Width[m] ¥  Height[m] ¥ Area [mi2 ¥ Iy, [mA4] ¥ Iz [mad Moment of Inertia, |zz, [m*4] 6.396e-04 Z Shear Area, [m*2] 0

[ wa4x33s I-Beam 040 112 0.06 001 4952¢-04 [ | Momentof Inertia, lyy, [m"4] 001 Nonstructural Mass/length, [kg/m] 0

0 waaxaso -Beam 040 1 005 001 423304 Moment of Inertia, lzy, [m*4] 0 Warping Constant, [m*6] 1.530e-04

O  waaxz62 I-Beam 040 1.10 0.05 0.01 3.893e-04 El

[0 waax230 |-Beam 040 109 0.04 001 3344004 || Torsional Constant, [m*4] 6.039¢-05 Perimeter, [m] 0

[0 waox593 I-Beam 042 1.00 0.11 0.02 1.052e-03

O waox503 I-Beam 042 107 0.10 002 8.498e-04

OO w4ox431 I-Beam 041 1.05 008 001 6.996-04

[0 wa4ox397 I-Beam 041 1.04 0.08 001 6.396e-04 ¢ 0.40894 >

O waox372 I-Beam 041 103 007 001 5.959e-04 A

O  wa4ox362 I-Beam 041 1.03 007 001 5.733e-04 * 0.05588

[0 w4a0x324 I-Beam 040 1.02 0.06 0.01 5.063e-04

O w40x297 I-Beam 040 1.01 0.06 0.01 4.528e-04

0 w4ox277 I-Beam 040 101 0.05 001 4333e-04 ¥ ‘b 030988

[0 w40x249 I-Beam 040 1.00 0.05 001 3.893e-04 - .

O wa4ox215 I-Beam 040 099 004 001 3.344e-04 = T

0 w40x199 I-Beam 040 098 0.04 001 2.933e-04 g .

O w4ox392 I-Beam 031 1.06 0.07 001 3375e-04 —

[0 w40x331 I-Beam 031 104 006 001 2.710e-04

0 waox327 I-Beam 031 1.04 006 001 2.643e-04

[0 w40x204 I-Beam 0320 102 006 001 2332e-04

[0 w4ox278 I-Beam 030 1.02 0.05 001 2.187e-04 ¥

OO w4ox264 I-Beam 030 1.02 005 001 2.037e-04 v 1 0.05588

[0 waox23s I-Beam 030 1.01 004 001 1.857e-04 F Y

O  waox211 I-Beam 030 1.00 0.04 0.01 1.626e-04 0.40894

O waox183 I-Beam 030 099 0.03 001 1373e-04

[ waoxi67 I-Beam 030 098 0.03 4.841e-03 1.180e-04

[] Show Selected Shapes (0)  Displaying 6744 of 6744 shapes ok || Cancel |
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Shape Library SDC M
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_0 Filter the shapes by name or type
Select the cross sections to be used ®swpetiay - oox
For the Optimization s by Selected Shape HSS10X10X.188
“ Shape Lists | All o ‘ E Area, [m*2] 4412e-03 Y Shear Area, [m*2] 0
Name Type ¥ Widh [ml ¥ Height [m] ¥ Area, (m*2] ¥ _lyy, (m~4] ¥_lzz, fmd) ] Moment of inertz, bz (m*4] 458200 ] ZShear Area, [m*2] ’
Cth OK tO C|.OS€ the Shape [ Hss12x6X.250 ectangular Tube! 0.15 0.30 0.01 6.509e-05 2.210e-05 Moment of Inertia, lyy, [m*4] 4.582e-05 Nonstructural Mass/length, [kg/m] 0
. HSS12X6X.313 ectangular Tube ¢ 0.15 030 0.01 7.988e-05 2.692e-05 Moment of Inertia, Izy, [m*4] 0 Warping Constant, [m*6] 0
L]brary [ HSS12X6X.375 ectangular Tube ! 0.15 030 0.01 9.413e-05 3.148e-05 D
HSS12X6X.500 ectangular Tube ¢ 0.15 030 0.01 1211e-04  3.987e-05 E Torsional Constant, [m*4] 0.937e-05 Perimeter, [m] 0
Cl-lck OK tO Close the Var-iables []  HSS12X4X.500 ectangular Tube ! 0.10 0.30 0.07 9.529e-05 1.553e-05 D
HSS12X6X.625 ectangular Tube ¢ 0.15 030 0.01 1.460e-04 4734e-05
Selector And OK to Close [ Hss12x8X.250 ectangular Tube ! 0.20 0.30 0.0 7.852e-05 4.203e-05
9 ..Q q [] Hss12xex.213 ectangular Tube ¢ 0.20 030 0.01 9.649e-05 5.145e-05 " 0-254 -
Optlmlzatlon RUle [ Hss12Xex.275 ectangular Tube ¢ 0.20 030 0.01 1.13%-04 6.048e-05 A — -
HSS12X8X.500 ectangular Tube ¢ 0.20 030 0.01 1.468e-04 7.742e-05
[ Hss12xex.625 ectangular Tube ¢ 0.20 030 0.01 1.776e-04 9.291e-05
[] HSS12X10X.250 ectangular Tube ! 0.25 030 0.01 9.195e-05 6.953e-05 balns
[]  Hss12%ex.188 ectangular Tube ¢ 0.20 030 4412e-03 5.961e-05 3.203e-05 0_004762!
[] HSS12X4X.375 ectangular Tube ¢ 0.10 030 0.01 7.440e-05 1.253e-05 - z
[ Hss12x4x.212 ectangular Tube ! 0.10 030 0.01 6.327e-05 1.082e-05 0 |
[ Hss12x4x.250 ectangular Tube ! 0.10 030 4.670-03 5.166e-05 8.981e-06 t\!
] . . HSS10X10X.188 Rectangular Tube ¢ 0.25 0.25 4412603 4582605 4,582e-05
NOW Opt]m1zat]0n RUle 1S ready [] HSS10X10X.250 ectangular Tube ! 0.25 0.25 0.01 6.027e-05 6.027e-05 ©
tO be Calculated [ HSS10%10%.313 ectangular Tube ¢ 0.25 0.25 0.01 7.387e-05 7.397e-05
[] HSS10X10X.375 ectangular Tube ¢ 0.25 0.25 0.01 8.717e-05 8717e-05
[] HSS10X10X.500 ectangular Tube ¢ 0.25 0.25 0.01 1.121e-04 1.121e-04
[ HSS10X10X625 ectangular Tube ! 0.25 0.25 0.01 1.352e-04 1.352e-04 L ]
[] Hss12x2x.188 ectangular Tube ¢ 0.05 030 3.065e-03 2.923e-05 1.508e-06
[] HSS12X2X.250 ectangular Tube ¢ 0.05 030 4.0692-03 3.823e-05 1.885e-06
HSS12X2X.213 ectangular Tube ¢ 0.05 030 0.01 4,666e-05 2.201e-06
[ Hss12x3x.188 ectangular Tube ¢ 0.08 030 3.280e-03 3.429e-05 3700e-06
(l_\ [RET P ESVIIVIEY . . . - “_nan PNEY-Y PR T 4 ame Ar P ;,—
[] Show Selected Shapes (8) Displaying 6744 of 6744 shapes oK ‘ ‘ Cancel
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Calculating the Optimization SDC M
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—0 Execute Calculate to run the Optimization

Optimization - O X
General
D 1 Title |AISC 360-10 Optimization |
Description | v
Load Standards - Check - Limit Parameters Optimize by Result [ ]
1.AISC 360-10 Members (14th, 2010) . . .
LeT Overal 16.Overall - 8.UF Overall, Limit: [0;1) Min Shape Cross Section Area |
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Optimization - O
g General
Click on Table > All results , —
ID |1 | Title |AISC 360-10 Optimization
Description |
Load Standards - Check - Limit Parameters Optimize by Result
LG1..Overall L O e (LB J010) Min Shape Cross Section Area  Calculated

16..0verall - 8.Uf Overall, Limit: [0;1]

Results for all variables

Result Table - m} X

1..AISC 360-10 Members (1:

Group Yield Stress Young Modulus Shape 16..Overall
Sl Cuasall
Beam "11..300x10 Original Madel Original Modgl Original Model 1.51
Beam '11..300x10' HSS520X8X.625 - Rectangular 0.58
Beam "11..300x10° HSS20X4X.500 - Rectangular 1.66
Beam '11..300x10' HS520X4X.313 - Rectangular 2.50
Beam "11..300x10° HSS16X8X.250 - Rectangular 1.63
Beam '11..300x10' HS514X10X.250 - Rectangule 137

=

B
H Optimal Result

T Al Resuit | I

Calculate ‘ ‘ Change Beam Shape ance

iBck To _Torsion’ results were cleared

Optimal result is Beam HSS20x8x625. It will be used for changing the

Beam shape

Close
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—0 Click on Plot Optimal Result

Optimization - O X
General
1D |1 | Title |A\SC 360-10 Optimization |
Description | |V|
Load Standards - Check - Limit Parameters Optimize by Result |:|
1..AISC 360-10 Members (14th, 2010) - )
LG1..0verall 16.0verall - 8.Uf Overall, Limit: [0;1] Min Shape Cross Section Area Calculated
1 4
Calculate | | Change Beam Shape | oK | | Cancel |
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Result Before the Optimization Result After the Optimization

1.1 1.1
1 1

0.9 0.9

0.8 0.8

0.7 0.7

0.6 0.6

0.5 0.5

0.4

, 0.3
L{ 0.2
X 0.1

0.

This Tutorial only demonstrates the workflow with Optimization Tool.
Optimization rule can be set 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.

16 https://sdcverifier.com



Changing the Beam Shape SDC M
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Optimization - | X

General
—0 Click on Change Beam Shape ID 1 | Title |AISC 360-10 Optimization

Description ‘

Load Standards - Check - Limit Parameters Optimize by Result

1..AISC 360-10 Members (14th, 2010)
16..0verall - 8.Uf Overall, Limit: [0;1]

Maodel change

& L

LG1..Overall Min Shape Cross Section Area Calculated

| Add beam properties (cross sections) to Femap?

Yes | ‘ MNo

Calculate | | Change Beam Shape ‘ oK | | Cancel |

Property 300x10 is automatically replaced by

HSS20x8x625(0Optimal Result)
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