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» In this tutorial an ABS 2014 Plate Buckling Check is reviewed in details.
» A part of a plate model of the ship has been used as a start FEM model.
» Load Sets and Load Group (Envelope) are created.

» Recognition of plates using Panel Finder.

» Plate Buckling tables and plots.

» Reporting: preparing and generating the final report.
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Open in Ansys Workbench # pRaRrt
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Double Click on +2 @ soc verfier & | - e HEmmee
4 @) HarmonicAcousts 5 @ souton v 4 5 B staderss 7.

or execute Edit from context menu e o 7o HEE=_ .

&) HydrodynamicResponse
Modal
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) Random Vibraton
' ) ResponseSoectum

Press ... on toolbar and select Analyze § i
selected job | e

— A ’ [ Results Manager | @ Gaverning Loads L—] [ SDC AP! Console
1 [} Export Resuhs | iy, Peak Finder = 177 Run Script e
B inecsonMoldingoma Analyze™ Repor Layout & Fresbody Optimization s o 1, Predefined Script
2 @ sewp ) Hausteoesim [B_ Analyze Selected Job EHE Ty || Automation
External Model ‘ P Analyze Multiple Jobs/Standards T
4h  Dupicate
Transfer Data From New 3
Transfer Data To New »
#  Update
Update Upstream Components
Clear Generated Data
[2] Refresh
Reset
Rename
Properties e g o
11:28:40 Updating Beam -
Quick Help. 11:28:40 Updating Weld Finder...
11:28:40 Updating Beam Section Finder...
Add Note 11:28:40 Updating Panel Finder...
11:28:40 Updating Connection Finder...
11:28:40 Updating standards...
11:28:40 Project EATutorials SDC 2023\Plate Buckling ABS\Plate Buckling ABS.files\dpO\SDCYIVACT\dnv.ansv was opened v
Modes: 8824 Elements: 8999 EXTutorials SDC 2023\Plate Buckling ABS\Plate Buckling ABS_files\dpD\globah\MECH\SYS-1.mechdb MEKS (Meter/Kg/Second) Ansys
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Load Sets

SDCM

RIF
4 [ Jobs (1)
. . . .Static S |
_0 Right click on Load Sets => Create/Edit N e R
. "*"L d A [O)
mUIt’p le. n u Lg:d [E Create/Edit Multiple N I
ST s e A9 FGFatigy =/ Rename Multiple ~
Fill in “4” into Count and press E to B Tables _ .
S Plots| = emove Multiple
add four Load Sets. \ & Tools B
Standards (C T
. . . . b a‘ Post-Proces: afety Factors
Select highlighted cells in the table like B optimizatiol B Lot o Mo
shown on the picture and press Set to (i3 Reports (0) Exiport to Solution Combination
define Factors of Load Sets. (By default
LS Factor is 1)
Create/Edit Multiple LoadSets = (m] X
~ | F Add load Sets
Press OK P le e | coma |
_; é % E l From Clipboard ]
;Q_ E g :i % Factor
QR T
E % E E g g l Set Diagonally ]
2 |lg |& |[& |2 |2
. ) “’E ; g 2 j 2 l Clean Selected ]
Load Sets are created with default titles oadser . o
. o ipboar
“Load Set #”. It is possible to rename them by Load et 2 a B [ oy |[ reme |
. . . Load Set 3 1 - -
double-click on the respective load set title. Load 5ot 4 | R
Alternatively, the titles and factors can be | bpottobeel |
pasted from the Clipboard using Paste button. Selected Rows
l Copy H Remove ]
n l oK H Cancel ‘
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Load Groups SDC Iz
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I & Individual Loads (5)
4 ¥ Load Sets (4)

it.Load Set 1 Safety Factor 1 | [ Set to All ]
2.load Set 2

'*"3..Load Set 3 g 1.Gravity - step #1 Title (4) Sf
Press Create n "*"4..Lcad Set4 {& 2.Ballast + crane inside - step #2 -'i* 1.Load Set 1

. C Verifier 2023 R1 - E\Tutorials SDC 2023\Plate Buckling ABS\Plate Buckling ABS _files\dpO\SDCvAACT\dnv.ansv
Click on Load Groups
Settings Recognitions ~ Tools  Standards  Help
r‘ ’ m Results Manager ‘éf Governing Loads E] SDC API Console
_a Press "i" tO SeleCt a'.l w/ @ [ Export Results | [y, Peak Findsr =4 471 Run Script
Update Model ~ View Analyze v Report Layout - Freebody Optimization @ Run Predefined Seript
Load Sets ° Main Result VPm—Pru[:essing Automation
I @ Views (1)
i B8 Model .
I @ Recognition Title |Envelope ‘
2 . 4 [ Jobs (1) e
T’ tle . Enve lope P E 1_Static Structural Description

H Load Groups (1
i 1..EnveE)p(e) ‘& 3.Ballast + crane outside - step #3 -oit- 2 load Set 2
FG Fatigue Groups (0) ‘£ 4.Hydroload outside - step #4 ..i., 3.load Set 3
%;Tgtljs(é? ‘&' 5.Hydroload inside - step #5 -oio— 4.Load Set 4
I % Tools
Standards ()
I &3 Post-Processing
[Z) Optimizations (0)
IE Reports (0)

[~][~]
(D] [

Load Sets and Load Groups are analyzed by SDC

Verifier. Count:5 W

TG UG Ty UCGETT SOUTRT S

11:28:40 Updating Panel Finder... “
11:28:40 Updating Connection Finder...

11:28:40 Updating standards...

11:28:40 Project E\Tutorials SDC 2023\Plate Buckling ABS\Plate Buckling ABS _files\dpO\SDCvA\ACT\dnv.ansv was opened

11:31:42 Static Structural Analysis analysis started

11:32:21 Static Structural Analysis analysis finished

11:33:45 Load Group '1..Envelope' created v

Nodes: 8824 Elements: 8999 E\Tutorials SDC 2023\Plate Buckling ABS\Plate Buckling ABS_files\dp0O\globah\MECH\SYS-1.mechdb MKS (Meter/Kg/Second) Ansys
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Panel Finder. Recognize Sections. §DC Iz
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Select Recognition tab - Panel on the File Home Settings [MAEWLENTGNENN Tools Standards  Help

_0 toolbar menu 1[N AR — S| G iy

Recognize All Joint Beam Member Panel Weld Connection Beam Section
Click on Find

Panel Finder - a

] 4[]
Recognition | Filter

X

Sections Section Details
Show X Show Y Show 7 Show Custom | Pﬂ“e|5| Plates |5tiﬁ’5"9f5 |
Title Type Coord [m]  Panels Title Length [m]  Width [m] Direction e iireners Rectangular ~ Same Material

along Length along Width

&l [

&

EllelEE EEEEEE N

117

H
[

Settings || Find nl OK || Cancel |
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Panel Finder. Custom Section SDC Iz
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Show Custom: ON (rest OFF)

Panel Finder - [m] X
Press and [@ to export selected |[] 4
1 1 R iti Filt
sections to Named Selections scognition |Eile
Sections Section Details
[]showX []ShowY []ShowZ Show Custom | Panels‘ Plates ‘Stiﬂeners ‘
. . ) ... Stiffeners Stiffeners . E‘
Press Q Title Type Coord [m]  Panels Title Length [m]  Width [m] Direction along Length along Width Rectangular ~ Same Material l:‘
I 53
Custom Section 22 (16 Eler Custom 4 Plate 21.2.1 [71.68; -9.47; 13.3] 336 30221 1000 |o 0 Edges: 4 Yes l:‘
Custom Section 23 (16 Eler Custom 4 E‘ Plate 21.3.1 [75.04; -8.12; 1042] 336 27703 1,000 o 0 Edges: 4 Yes l:‘
Custom Section 24 (16 Elel Custom 4 Plate 21.4.1 [71.68; -9.12; 10.42] 336 27703 -100) o 0 Edges: 4 Yes
Custom Section 25 (16 Elel Custom 4 l:‘

& [&

E

@4 As One Component

. Each Section as Component

@ As One Named Selection .
|

Iq, | Eyach Section as Named Selection NS ll [set Parameters..|

—

[2][=]

0.000 5.000 10.000 (m)
| E— S—
2.500 7.500 Analyze

I@!!H

[ setings || ind [ ok [ coneal |

v

Example: It is possible to create custom

section based on hull selection:
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Panel Finder. Find Free Edges SDC Iz
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Note: Before plates recognition, the model should be checked on free edges. Not correct plate dimensions/direction, plates with undefined
dimensions and as result wrong buckling factor - possible consequences of free edges.

Panel Finder (m| X
—a Click [ to find free edges W 4
[ Recognition lFiIt‘eI’
Sections | Free Edge Finder = (m] X |
[(Jshewx []ShowY
. _ | Selection .
ﬁ PreSS F’nd | Title @ E - 9 elements IE "};:;n\e‘:dm Rectangular  Same Materia
| Custom Section 21 (136 E [, Al Entities |— _l ;Zez::';:':‘ @ o Edges: 4 Yes
| Custom Section 22 (16 Ele T 12 clements 0 0 Edges: 4 Yes
.Custom Section 23 (16 Ele: |_. E 40 elements 0 0 Edges: 4 Yes
Select all free edges |Custom Section 24 (16 e (2 0 0 Bgesd  ves
Custom Section 25 (16 Eley
Elements 8999 n
olerance !
Press to preview elements with free T 000007
edges
-
Mesh does not coincide [
2
| _ >
.
o [ o]

Note: Free edges should be fixed by remeshing the model and run recognition of

plates. (In tutorial we skipped step with remeshing but for commercial project it
is crucial step to do).
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Panel Finder. Recognize plates SD Iz
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Panel Finder k — [m] X
In Selection details select Plates Tab W
Sections Section Details
S l t S t . X3 ShowX []ShowY [ |ShowZ [_] Show Custom Panels | Plates  Stiffeners
e ec eC lo n ¢ Title Type Coord [m]  Panels Title Length [m]  Width [m] Direction :Itti)FrflegnE;gth :lt::]egn;;? dih Rectangular ~ Same Mat¢ E]
Section X 1 (X = 70) X 70 17 D Plate 3.0.1 (Y = -85Z=1.1) ) [lo.895 0o [ lo [Edgesia | ves ~ E]
n Section X 2 (X = 71.68) X 71.68 13 Plate 3.1.2 (Y = -7.61; Z = 1.1) 2.2 0.895 Q0-1) o 0 Edges: 4 Yes
SectionX3 (X=7336) X 7336 17 Plate 3.13 (Y =-671:Z=1.1) 22 0.895 ©0-1) o 0 Edges: 4 Yes B]
SectionX 4 (X =75.04) X 75.04 8 @ Plate 3.1.4 (Y = -5.82;7 = 1.83) (895 0.7333 0-100 o 0 Edges: 4 Yes
Section X 5 (X = 76.72) X 76.72 16 Plate 3.1.5(Y =-4.92; Z = 1.1) 22 0.895 00-1 o 0 Edges: 4 Yes D
Plate 3.1.6 (Y = -5.82; Z = 0.37) 0.895 07233 (0:1:0) 0 0 Edges: 4 Yes @
Plate 3.1.7 (Y = -4.03; Z = 1.83) 0.895 07333 (0;1;0) 0 0 Edges: 4 Yes
Plate 3.1.8 (Y =-3.13; Z = 1.1) 2.2 0.895 00-1) o 0 Edges: 4 Yes
Plate 3.1.9 (Y = -4.03; Z = 0.37) 0.895 0.7333 (0:1:0) 0 0 Edges: 4 Yes U
Plate 3.1.10 (Y = -224;Z=1.1) 22 0.895 @0-1) o 0 Edges: 4 Yes
Plate 3.2.1 (¥ = 12.75: Z = 626) 25 0.6083 @10 o 0 Edges: 6 Yes
Plate 3.2.2 (Y = 12.9;Z = 5.7) 25 0.6083 0100 o 0 Edges: 4 Yes
Plate 3.2.3 (Y =12.07:Z=692) (.8333 0.6083 0-100 o 0 Edges: 4 Yes
Plate 3.24 (Y =129:Z=5) 25 0.8 (0:1:0) 0 0 Edges: 4 Yes
Plate 3.2.5 (Y = 13.73; Z = 6.62)  (.8333 0.4867 (0;1;0) 0 0 Edges: 4 Yes
Plate 3.2.6 (Y = 1207, Z=7.53)  (.8333 0.6083 0-100 o 0 Edges: 4 Yes
Dlatn 3271V = 12 07- 7 — AN PEEEN no 1M ~ Ednac: A Vac h
» < > EI

Section ID. Panel ID. Plate ID [Csenngs ][ nd o | Pamee
) . . Stiffeners Stiffeners

Title Length [m]  Width [m] Direction along Length along Width Rectangular

Plate 3.1.1 (Y = -8.5; Z = 1.1) 22 0.895 0:0-1 ¢ 0 Edges: 4

Plate 3.1.2 (Y = -7.61; Z = 1.1) 22 0.895 ©0-1) o 0 Edges: 4

Plate 3.1.3 (Y = -6.71; Z = 1.1) 22 0.895 00-1) o 0 Edges: 4

9 https://sdcverifier.com
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Plate Dimensions and Thicknesses SDC Iz
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Dimensions: Results depend on plate dimensions and direction and it is important to understand how Panel Finder performs recognition.
Length is considered the longest edge of plate and width the longest perpendicular to the longest edge:

Plate Thickness: Calculations are performed on every element and thickness is taken directly from each element. It is possible to set
thickness manually for plate, in this case element thickness will be ignored and user defined thickness will be used.

Example: Plate with 2 properties 0.01 and 0.02 thicknesses. Left picture displays property labels with property thicknesses and right
presents plate buckling plot of thickness parameter:

10 https://sdcverifier.com
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Plate Buckling Dimensions by CSR

SDCM

-
Panel Finder Recognition Settings

[A“ Entities I l:‘
Empty] |[#]

Predefined Stiffeners l[Empty] l |Z|

Predefined Borders [0 l |Z|

Selection

[] Use Selection

Predefined Girders

Default Titles by Section Type

Plates
Minimum Angle Between Plate Edges [0;90]

[] Skip Not Four Edged Plates
[] Skip Triangular Plates
[] Split Plate on Thickness Difference

[] Split Plate if Different Property IDs

Include Section Number in Title

Sections

Coordinate Deviation Limit of Section Plane |0.005

Section X ‘Section X | I [] Calculate Dimensions by CSR Method I
Section Y ‘Section Y | Stiffeners

Section Z ‘Section z | Skip Curved Stiffeners

Section Custom ‘Custom Section | Treat Stiffener as Straight if Angle <

Lengthen Stiffener (Dummy) if it Covers Panel More Than, %

Minimum Elements Count in a Section

Minimum Angle Between Inclined Plane Normals [0;90]

Minimum Angle Between Flat Plane Normals [0;90]

If selected:
Value > 80% Value > 60%
B £
v v
66,7% 66,7%
% v
| OK | | Cancel |

v

11

2.3.2 Modelling of an unstiffened panel with irregular geometry

Unstiffened panels with irregular geometry are to be idealised to equivalent panels for plate buckling

assessment according to the following procedure:

e) The length of shorter side, b in mm, is to be taken as:

b=A/a

where:

A : Area of the plate, in mm?

a : length defined in (d), in mm

c) The width of the model, /,, in mm, is to be taken as:

l, = A/,
where:
A : Area of the plate, in mm?

https://sdcverifier.com
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Editing plates manually

To modify plates select them from the list and press Set
Parameters. It is possible to edit (Length / Width / Thickness

/ Coefficients / Direction).

It is possible to define parametric stiffeners along the Length

and Width.

If thickness is changed you can see in table what was the

original thickness recognized from model:

Thickness [m]

0.012 (Original: 0.015.

0.012 (Original: 0.015.

0.012 [Original: 0.015:

12

SDC
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™M

Panel Finder

d 27
: ._..
Recogpnition | Filter

Sections

Show X [ ] ShowY [ ]ShowZ [ ] Show Custom

Title Type Coord [m] Panels
Section X 1 (X = 70) X 70 7
Section X2 (X = 7168) X 7168 13
Section X3 (X = 7336) X 73.36 17
Section X 4 (X = 75.04) X 75.04 8
Section X5 (X =7672) X 7672 16
Set Plates Parameters (Leave Empty Field to not to Set a Value) X

Dimensions Direction

® Set Length/Width Value [] swap Direction for

]
L]

() Set Stiffeners Amount along Plate's:

Length [m]
Width [m] All Plates

[] Set Direction

Direction X

® Plates where Width > Length

L]

& [x][g][ [+

NEOoE

Section Details

Panels | Plates | Stiffeners

Title

Plate 1.1.1 (Y = -85:Z = 1.1)
Plate 1.1.2 (Y = -7.61; Z = 1.1)
Plate 1.1.3 (Y = -6.71; Z = 1.1)
Plate 1.1.4 (Y = -5.82; 7 = 1.83)
Plate 1.1.5 (Y = -492; Z = 1.1)
Plate 1.1.6 (Y = -5.82; Z = 0.37)
Plate 1.1.7 (Y = -4.03; Z = 183)
Plate 1.1.8 (Y = -3.13; Z = 1.1)
Plate 1.1.9 (Y = -4.03; Z = 0.37)
Plate 1.1.10 (¥ = -2.24; Z = 1.1)
Plate 1.2.1 (Y = 12.75; Z = 6.26)
Plate 1.2.2 (Y = 129, Z = 5.7)
Plate 1.2.3 (Y = 12.07; Z = 6.92)
Plate 1.2.4 (Y = 129, 7 = 5)
Plate 1.2.5 (Y = 13.73; Z = 6.62)
Plate 1.2.6 (Y = 12.07; Z = 7.53)

Dlata 127 (V —12N7-7 — A 2\

Length [m]  Width [m] Direction Stiffepers Stlﬁenerls Rectangular  Same Mate E]
along Length along Width
1 4
22 losss  |(aillo lo [ Edges: 4 .|
2.2 0.895 ©0-1 o 0 Edges: 4 Yes
22 0.895 00-1) ¢ 0 Edges: 4 Yes @
0.895 0.7333 ©-1;00 o 0 Edges: 4 Yes
2.2 0.895 ©0-1 o 0 Edges: 4 Yes D
0.895 07333 ©10 o 0 Edges4  Ves
0.895 07333 0;1;0) 0 0 Edges: 4 Yes
22 0.895 ©0-1 o 0 Edges: 4 Yes
0.895 0.7333 (0;1;0) 0 0 Edges: 4 Yes
22 0.895 00-1) ¢ 0 Edges: 4 Yes
25 0.6083 ©:1;0) 0 0 Edges: 6 Yes
2.5 0.6083 ©0:1;0) 0 0 Edges: 4 Yes
0.8333 0.6083 ©-1.00 o 0 Edges: 4 Yes
25 08 (0;1;0) 0 0 Edges: 4 Yes
0.8333 0.4867 ©;1;0) 0 0 Edges: 4 Yes
0.8332 0.6083 ©-100 o 0 Edges: 4 Yes
noaan no 0-1-m o n FAnoc- A Voc b
> _|[#]
e

= o=

Length

X 1
Width

Y 0

4 0
Coefficients
c E—
@ —

OK H Cancel

Usually you

should not modify plate

directions. But in case it is required press
Set Direction.

https://sdcverifier.com
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Panel Finder. Plates Plot SD Iz
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Panel Finder — m} X

=] 4 [=]

.
Select Section X1  Recognition ||
Sections Section Details
ShowX [ ]ShowY []ShowZ [ ] Show Custom Panels | Plates | Stiffeners
Se lect A l l Pl ates ( C tr l + A ) Title e Coord [m]  Panels Title Length [m]  Width [m] Direction zliieg"f;gth ilt:l:"g”;;ls i Rectangular  Same Mate
Section X 1 (X = 70) X 70 0895 0 EE= I D
n Section X2 (X = 71.68) X 7168 yos o = D
Section X3 (X = 7336) X 7336 0895 0 [Fdgesz | B]
Section X 4 (X = 75.04) X 75.04 07333 0 |
Press ‘g“l Section X5 (X = 76.72) X 76.72 0,895 0 [Fages 4|
07333 0 fdges4 | B
L]
e [
Cl'ICk OoN MM Colors + Labels of Ids 0.895 o Er
0.6083 0 fdgesa |
-
0.6083 0 [ Edges: 4 <

,

e

Colors Only

’g‘
n I'I- Colors + Labels of Ids E

Colors + Labels of Corners Count

Colors + Labels of Dimensions
Length Values (no labels)

Width Values (no labels)

Coordinate Systems

Draw Stiffeners along Length/Width

>EE

13 https://sdcverifier.com
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Panel Finder. Stiffeners Plot SD Iz
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Panel Finder — m}

X

Select Stiffeners tab

Sections Section Details
ShowX [ ] ShowY [ ]ShowZ [ ] Show Custom Panels | Plates Stiffeners ‘

Sel All Sti Ctri+A Title W Coord [m]  Panels Title length [m]  Width fml Lo Iml  Ltiml ™Y iscCurved Property [=]
e eCt t’ffeners ( tl' + ) i = 70 e ” . 0895 0 s ]- . E]
SectionX2 (X =7168) X 71.68 . 0.895 0 2.2 l 9.CrossSectio @
SectionX3 (X =73.36) X 7336 0.895 0 22 [ves | @

Section X4 (X =7504) X 75.04 0895 0 22 res |

Press » Section X5 (X = 7672) X 7672 Stiffener 1.1.5 [70.09; ] 0.895 0 22 [ves |

Stiffener 1.1.6 [70.09; - . 0.895 0 2.2 I

Stiffener 1.1.7 [70.09; 5 3 0.895 0 22 l 7..CrossSectio:

Stiffener 1.2.1 [70.16; X 0.5272 0 2.5 I

Stiffener 1.2.2 [70.15; 13. . K 0.4258 0 1667 l

Cl‘ick On _._ CDlﬂrS + Lﬂ bEIS U‘f |ds Stiffener 1.2.3 [70.13; 11.98; 6.6 . 0.6083 0 0.833 ]

Stiffener 1.2.4 [70.16; z 0.7042 0 25 l

Stiffener 1.2.5 [70.13; 8; . 0.6083 0 0.833 ]

Stiffener 1.2.6 [70.16; 3 0.8 0 25 l

Stiffener 1.2.7 [70.14; . 0.4867 0 0.833 ]
Stiffener 1.2.8 [70.15; 12.8; . 0.5678 0 25 I
Stiffener 1.2.9 [70.13; 11 . 0.8 0 0.833 ]

. R - . [ —

E]

iy

' Colors Only
I.' I Colors + Labels of Ids E l

Colors + Labels of Corners Count

Colors + Labels of Dimensions

— et L

>HE®

Length Values (no labels)

Width Values (no labels)

Coordinate Systems

Draw Stiffeners along Length/Width

[

-
06 oowdddo. 1
01 Q05 @03 Ro4 .1 .2 .3 4 55 6 5.7 1 ] 3 4 & 23 f22 §21 3.1 §32 2] 1
&
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Panel Finder. Filter

SDC W

VERIFIER

Note: Before plates recognition, the model should be checked on free Note: It is very important to check that all plates dimensions were
recognized. If in the model, there are coincident nodes, coincident elements or free edges Panel Finder cannot recognize plate dimensions.
edges. Not correct plate dimensions/direction, plates with undefined dimensions and as result wrong buckling factor - possible consequences of

free edges.

Click on Filter tab

Selection: All Entities

Filter: Undefined dimensions

Press Apply Filter

Table with plates is empty means that
there is no plates with undefined
dimensions. Press OK

00000

Tip: It is also possible to filter plates by shape (triangle,

- [w] X
Recognition
Information
Selection ‘AII Entities | Display O Panels ® Plates O Stiffeners
Filter Rule | Undefined dimensions i E n
Current Filter: All Entities; Display Plates Undefined dimensions;
Title Length [m]  Width [m] Direction g}cif}gngigth z}ioiegns\”is dth Rectangular ~ Same Material Thickness [m] Related Panel c1 [e7] PsiX PsiY D
Undefined dimensions €]
None
Find by ID ‘ | ‘ ‘ ‘ Detailed Section Overview {Per Element)
Undefined dimensions [}I
Settings Find v OK Cancel
Rectangular [ el |

rectangular) or number of edges parameters.

E.g. Plates with numbers of edges > 4 can be displayed.
Control using Selection plates from which Sections should
be filtered.

15

Not rectangular (4 edges)
Number of Edges

Length

Width

Thickness

https://sdcverifier.com
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Panel Finder. Plot Options SDC Iz
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Note: Plate Plot can be displayed with different colors labels (labels of ids, labels of corners count or labels of dimensions). Also it is
possible to show plates in length and width, coordinate systems etc.

-—

" Colors Only

Colors + Labels of Ids E ‘

Colors + Labels of Corners Count

Colors + Labels of Dimensions

Length Values (no labels)

Width Values (no labels)

Coordinate Systems [
Draw Stiffeners along Length/Width ’

Labels of Ids Labels of Corners Count Labels of dimensions

>EE®

16 https://sdcverifier.com
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In some cases (e.g. stiffener is not modeled) plate is recognized not correctly, dimensions are bigger than in reality which leads to wrong
results. Plate has to be updated manually. In Section X1 plate with Id = 1.9.49 should be split on 2 plates
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Panel Finder. Split Plate SDC Iz

VERIFIER

Panel Finder — (m] X

(=] 4[]

Split by Nodes (by 2 end nodes on plate edges)

Split by Nodes (ordered)

| Split by Elements
: . }:l

o
_a SeleCt Sectlon X 1 Recognition | Filter
Sections Section Details
ShowX [ ] ShowY [ ]ShowZ [ ] Show Custom Panels | Plates | Stiffeners
Title Type Coord [m]  Panels Title Length [m]  Width [m] Direction iltti]ff\egnfgigth iltti]f:(\egnaidlh Rectangular ~ Sam
SeleCt P Iate 1 ° 9 ° 49 n Section X 1 (X = 70) X 70 17 D Plate 1.9.43 (Y = -9.38; Z = 5.7) 0.8667 0.6083 0:1;0) 0 0 Edges: 4 Yes E]
SectionX2 (X =7168) X 71.68 13 =D Plate 1.9.44 (Y = -11.12,Z = 34) 08667 08 (0:1;0) 0 0 Edges: 4 Yes =0
SectionX3 (X = 73.36) X 7336 17 @ Plate 1945 (¥ = -10.25Z = 4.2)  0.8666 08 (0:1;0) 0 0 Edges: 4 Yes @
Section X 4 (X = 75.04) X 75.04 8 Plate 1.9.46 (Y =-9.38:Z=5) 0.8667 08 (0:1;0) 0 0 Edges: 4 Yes l:‘
* Section X 5 (X = 76.72) X 76.72 16 [E Plate 1.9.47 (¥ = -9.82;Z = 3.4) 17333 0.8 (0;1;0) 0 0 Edges: 4 Yes
Press and Spl’ t by elemen ts Plate 1.9.48 (¥ = -9.38;Z = 4.2) 0.8667 (0 1,0) 0 0 Edges: 4 Yes a
Plate 1.9.50 (¥ = -11.12, Z = 1.83) 0.8667 07333 (0,1,0) 0 0 Edges: 4 Yes
. . . Plate 1.9.51 (¥ = -9.35;Z = 1.1) 22 0.8 (0;0;-1) 0 0 Edges: 4 Yes
SeleCted plate ]S dlsplayed ] n Ansys ° Plate 1952 (Y =-11.98, Z=1.1) 22 0.8667 (0;0;-1) 0 0 Edges: 5 Yes
Select elements for one plate and press Pate 1953 (V= 11.122=037) losgs7 o7 010 o 0 Fgesd__ Ves
Plate 1.9.54 (Y = -12.79; Z = 1.17) 21645 0.8666 (0;0;-1) 0 0 Edges: 5 Yes
Yes Plate 1.9.55 (Y = -13.59; Z = 1.45) {7347 0.8667 (0;0;-1) 0 0 Edges: 6 Yes
Plate 1.10.1 (¥ = 13.73; Z = 13.68) .8333 075 (0;-1;0) 0 0 Edges: 4 Yes
Plate 1.10.2 (Y = 13.73; Z = 1442) 8333 075 (0;1;0) 0 0 Edges: 4 Yes
@ Plate 1.10.3 (Y = 12.9; Z = 14.42) 08333 075 (0;-1;0) 0 0 Edges: 4 Yes
Press Ok Dlata 1 1N AV = 4907-7 = 1A AN nannn o n-1.0 n n CAnae 4 Vac Y
[# =
n |
I
|

Plate 1.9.49 is replaced with Plates 1.9.56 and

1.9.57
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Add Plate Buckling ABS 2014 standard SDC

VERIFIER

Thickness factor gives a possibility to increase /
In Standards Context menu execute Add decrease all plates thicknesses without reanalyzing

. th del. E.g. 1.2 i thick 20%
=> ABS => ABS Plate Buckling (2014) o docresse stresses s OIS SR

¥ ABs 2014 — X

Utilization Factor (Eta) = 0.8 Materials with Yield Stress = 0 shows how 0 T | Tle ABS Plate Bucking (2014 |
many materials have yield equal to 0. If Miss [Standan |

value is > 0 press to define yield. e [v]

Press |&

Buckling Parameters

By default all sections will be checked.

Maximum Allowable Strength Utilization Factor (Fta).
g = g Eta is multiplied on Critical Buckling Factor. _
Cl]Ck to mOd]fy' eg If safety factor = 1.25, Eta = 1/5f=1/125 =08

Press Update from Ansys

©0000060

. . . .. Thickness Factor ‘1.0 ‘
Pr - proportional linear elastic limit (0.6 for steel) | |
Pr 0.6
n Use Plate Average Stress [] Use Absolute Shear for Plate Average (Conservative)
Press OK . . A
I _— ” tress on Element wverage
! &ZPost |4 Add » ABS ABS Plate Buckling (2004) Materials with Yield = 0 0 i
%2:;: = Rename Multiple 8 |asc ABS Plate Buckling (2014) J e “ ‘ 3 }
= Remove Multiple 8 [an '}* Include Plate Dimensions (Length, Width, Thickness) in table
. Renumber E Al (2005 Edition, 2017) p—
Use Plate Average Stress: On e Sl S 25 sections |
RIS GoME g ¥ Material Fatigue Parameters = o x|
B | DIN 15018 (1984) N ) l oK l I Cancel ]
E DNV » Materi Tensile Strength [Pa] Yield Stress [Pa] ’.:rr:np:‘::mm [Pa) 4
B | Dvs 1608 and 1612 = . P
Press OK B | en 13001 (2018) Yield Stress [Pa]
B | Eurocode3 » L
B | FEM1.001 (3rd, 1998) Set
Plate Buckling transforms stresses O |t v o0
automatically into plate direction. B | Compartson Standard
Options about element stresses and petection
L

Custom
plate stresses are described on the o iy
next slide . B
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Plate Buckling Stresses

20

Plate Buckling Stresses pe

4

Average Element Stress:
Sel =(S1+52+53+54+55+56+57+58) / 8

Minimum Element MidPlane:
Sel = Min((S1+55) /2, (S2+56) / 2, (S3+57) /1 2, (S4+58) 1 2))

S1-58 - translated element stresses into Plate Direction

Use Plate Average Stress

On/ \Off

Spl = (Sel1"A1+Sel2"A2+Sel3"A3) | (A1+A2+A3) Sel1, Sel2, Sel3 - Average or min MidPlane
One Buckling Factor for plate Plate Buckling Factor = Max(BF1, BF2, BF3)

SDC W

VERIFIER

https://sdcverifier.com
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SDCM

To make nice plots first Views should be created (set of settings how to display plot).

Execute Views => Add

& SDC Verifier 2023 R1 - EX\Tutorials SDC 2023\Plate Buckling ABS\Plate Buckling ABS _files\dpO\SDCv\ACT\dnv.ansv —
Settings  Recogniions  Tools  Standards  Help

f\ @ ’ m Results Manag Settings
/ [l Export Results Title |Frame | Deformation Undeformed

Update Model ~ View Analyze~  Report Layout

Title: Frame

escription I v | Geometry Exterior

Orient model in Ansys as shown on : L Rosut | Contou Barcs_~
picture below (ZY p[ane) CenterX [7336 | Centerv [0.00 | etz s e B

+  Add
;b_l Rot X |72.52 | RotY |'8'95 | Rot Z Independent Bands None

i #  Edit
4 & Jobs (1) ‘EIJ “ I locX [10730 | Locy [835 | Locz
b B 1Sttcsy — tename Up Vec X [0.00 Up Vec Y [0.00 Up VecZ [1.00
Press Get " K Tools Copy pecx [p00___|Upvecy o] Up vec
4 [ Standards (1 3¢ ViewX  [1.00 | viewy [000 | Viewz

Remove

4 41.A85Pla [ Autoscale Digits

% Input Preview
b [ Check Preview Location o
I g2 Post-Proce [] Logarithmic Scale

@ imizati Preview Setti
Press OK C] Optimizatio A [] Min, Max on Colorbar

[} Reports (0)

Color Scheme Rainbow

Display on Result Only

Model Display Wireframe

W
|| ¢ < || < < < <
X

["] Semi Transparency

Date and Time

[] Show Legend [] Show Triad
["] Show Ruler Show Mesh

["] Show Thick Shells and Beams

Legend Limits

]

@® Use limits from legend settings

O Use local limits

eSS pLanng T aner nraet. Mode Automatic ~
11:28:40 Updating Connection Finder...

11:28:40 Updating standards... Min 0

11:28:40 Project E\Tutorials SDC 2023\Plate Buckling ABS\Plate Buckling 4

11:31:42 Static Structural Analysis analysis started Max !

11:32:21 Static Structural Analysis analysis finished Number of levels »

11:33:45 Load Group '1..Envelope’ created
11:39:29 Load Group "1..Envelope’ edited Format General v

21 https://sdcverifier.com
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Plate Buckling Plot

SDC

VERIFIER

Execute Criteria Plot from Plate
Buckling ABS 2014 context menu

Load Group: 1..Envelop

—e View: 2..Frame
—e Press ¢ and Select: 1..Section X1

Press OK

Press Preview

« [ Standards (1)
4 [ 1.A8BS Plate Buckling (2014)
t @ Input
4[] Checks (1)
(8] 1.Plate Buckling ABS 2014 (Plat~-Aewm-r
I &X Post-Processing * Add ¢
Optimizations (0) £ edit
Reports (0)
Rename
Copy
Remove
Copy To Standard...
< Move
Clear Results
Table (expand/extreme)

Flow Table (over loads)
Criteria Plot N

'ﬁr- s

Plate Buckling Plot — X
1D 1 Title
Description v
Options Sections on Selection
Check 1_Plate Buckling ABS 2014 (Plate Avg, Lk FE R R W
Lna 1_Envelope 0k ~ e
Parameter Buckling State Limit v v | x
Values to plot Element Values v JCAR
Vn 2 frame i * ‘ Elements 1491
Edit + 1.Section X 1 (X = 70) — m] X
Labels Operation \ Add o | fits None i
Search
. | | I & ] E OK Cancel
.
Filter | | I ?« ]
Show | All v (o) ]

1.Section X 1 (x—70)¢. "
[[]2.Section X 2 (X = 71.68)

[]3.Section X 3 (X = 73.36)
[]4.Section X 4 (X = 75.04)
[]5.Section X 5 (X = 76.72)
[]6.Section Y 6 (Y = -14.15)
[17.Section Y 7 (Y = -9.65)
[]8.Section Y 8 (¥ = -8.95)
[]9.Section Y9 (Y = -1.79)

[]10.Section Y 10 (Y = 0 v
Selected: 1/25 I OK ‘ I Cancel

https://sdcverifier.com
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Plate Buckling Table SD Iz

VERIFIER

_0 Execute Table(expand/extreme) from I pie Bucking T N - o x
D ‘1 ‘ Title ‘ ‘ D
. Default Title ' Table (LG1, 25 Sections) SectionTitle ¥ Plate %Y Plate Y Plate ¥ Stress ¥ Stress ¥ Stress ¥ Equivi ¥ Ulim: ¥ Buckli ¥ Load Y |:|
Load Group: 1..Envelop | | _
Description ‘ 8.Section Y 8 (Y = 6.85 336 0.02 -67.1e+6 -36e+6 -35e+6 657e+6 155 3106 LS3
13.Section Y 13 ( 6.85 336 0.02 400e+6 -24e+6  -09e+6  389e+6 055 1106 LS3
Options 16.5ection Z 16 ( 7.16 336 0.02 -358e+6 -30e+6  -3.1et6 347e+6 045 9.09 153
Check ‘TPlate Buckling ABS 2014 (Plate Avg, Element% 15.Section Z 15 (. 3.36 0.89 0.02 -108e+6 -116.7e+6 -33e+6  1117e+6 291 467 1S3
.
Show plates results: OFF L [ Erwelope 3.Section X3 (X : 3.00 173 0.02 60e+6 397e+6 46.1e+6 880et6 062 357 153
2.5ection X 2 (X = 3.00 260 0.02 00e+6  -317e+6 -12.1e+6 38.0e+6 028 352 1S3
Table Type ‘ Bl restlis w esen wesl/alswmm) ‘ 4.Section X 4 (X = 3.00 260 0.02 00e+6  -313e+6 -120e+6 37.6e+6 028 344 1S3
Search Type ‘ Related To Last - ‘ 5.Section X 5 (X = 3.00 173 0.02 86e+6  -334e+6 -404e+6 T6.1e+6 046 257 Ls3
Press Fi l l Tab l e [ Show Plates Results 14.Section ¥ 14 ( 3.36 092 0.02 158e+6 -730e+6 99e+6  69.6e+6 119 206 1S3
1.Section X 1 (X = 0.83 075 0.02 -523e+6 -158.4e+6 684e+6  183.2e+6 131 152 1S3
- Display Governing Loads | Shrt Title “| [21.Custom Sectic 336 277 0.02 13e+6  -187e+6 3de+6  191e+6 007 053 153
« [ standards (1
B 1S Pk i 014 Fiter by 6.Section Y 6 (Y = 336 092 002 7.6et6  -295e16 -88et6  30.6e+6 020 034 153
v B Input 12.Section Y 12 ( 2.20 168 0.02 -10e+6  00e+6  364e+6 63.1e+6 014 0.20 151
4 [V] Checks (1) Parameter ‘ None - ‘ .
b []1.Plate Buckling - 5 19.5ection Z 19 ( 3.36 250 0.02 58e+6  -05e+6  -117e+6 21.0e+6 003 015 Ls3
b Eg’; Post-Processing [l Value > 1 9.Section Y 9 (Y = 2.20 168 0.02 31et6  00et6  27.0e+6 469e+6 008 0.11 153
] Optimizations (0) 5 Edit .
3 Reports (0) o e Sortby 11.Section ¥ 11 2.20 0.84 0.02 394646 -06e+6  224e+6  S51e+6 010 0.11 151
B Copy bararmet ‘ Buckling State Lt ‘ 10.Section ¥ 10 ( 2.20 168 0.02 31e+6  00e+6  13.6e+6 237e+6 002 0.03 Ls3
= darameter uckling >tate Limr hd
e 18.Section Z 18 (. 4.87 336 0.02 00e+6  -03e+6 -37e+6 Gde+6 000 0.03 1S3
o) Order ‘ Descending - ‘ 20.Section Z 20 { 3.36 0.87 0.03 76e+6  -139e+6 113e+6 229e+6 002 0.02 1S3
2 | Move et clect 17.Section Z 17 ( 2.50 168 0.02 00e+6  00e+6  -59e+6 103e+6 000 001 Ls1
ections on >election
Clear Results li‘ 23..Custom Sectic 1.68 0.47 0.02 -0.8e+6  -8.7e+b  3.de+6 10.3e+6  0.00 0.00 LS3
| . 22.Custom Sectic 1.68 0.42 0.02 00e+6  -68e+6 52e+6  113e+6 000 0.00 1S3
B Flow Table (over loads) + 25 Sections D 24 Custom Sectic 1.68 043 0.02 12e+6  00e+6  -43e+6 T.6e+6  0.00 0.00 Ls3
B Criteria Plot I:‘ 25..Custom Sectic 1.68 0.49 0.02 -3.2et6  0.0e+6 -3.1e+6  6.2e+6  0.00 0.00 1S3
7.Section Y7 (Y = 6.72 105 0.03 00e+6  00e+6  00e+6  00e+6 000 0.00 151
Max over Sectic 6.85 336 0.02 671e+6 -36e+6 -35e+6 G57e+6 155 3106  LS3
Use Show plates results for detailed
. Elements 8817
table with results for all plates. ETa
Otherwise only the worst results over Displaying 26 of 26 rows and 11 of 11 columns (]
Sections will be shown. [ ok |[ el |
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Results report SDC Iz

R1FI

Execute Reports => Add => Designer - [ Repo |+ o B | Wizard - Empty Home Insert Results Post Processing ‘ Import ‘_
Empty =l Rename Multiple [ | wizard - Model Setup % % %
= Remove Multiple [ | wizard - Results —ha =
) Job  Standard  External Word Ansys
SeleCt on TOOlbar ImPOI't tab => «  Renumber (@ | Wizard - Full Results  Results Report liems Document Mechanical Tree
Standard Resu‘ts ¥,  Generate Multiple [& Designer - Empty
Designer - Model Setup
Select All Desios—Ranuls <
Desi Select ltems — O X
B | Prese
_e Press Ok Al None
=] Standard '1..ABS Plate Buckling (2014)'
= Check '1..Plate Buckling ABS 2014 (Plate Avg, Element Avg)'
—a Select on Toolbar Home tab => Generate Table '1.Table (LG1, 25 Sections)
Plot "1..Buckling State Limit (LG1, 1..Section X 1 (X = 70), v2)'
Select on Toolbar Home tab => Export
to Word
Home Insert Results Post Processing Import
5"' i0
EI DE. iy O E P R
Save  Save Save Generate Exportto Export Report  Unit Legend Number
Project Report Report As Word  to PDF Settings System Settings Format
Save Generate Settings
0K Cancel

>,
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Results report

SDC MW

VERIFIER

25

Results

1..Static Structural
Load Groups

In this paragraph the influence of the different load groups is described. Load group represents extreme values
(min, max, abs) among its items.

Load Group '1..Envelope’

1..ABS Plate Buckling (2014)
1..Table (LG, 25 Sections)

Standard 1..ABS Plate Buckling (2014) Check [51] 1..Plate Buckling ABS 2014 (Plate Avg,
Element Avg)
Load Group LG1..Envelope Selection 25 Sections

Search Type Related To Last
Section Title Plate Plate Plate Stress x Stressy Stress xy Equivale Ultimate Buckling Load
Length Width Thicknes in Plate in Plate in Plate nt Stress Strength State
[m] [m] H Directio Directio Directio [Pa] Limit

n[Pa] n[Pa] n[Pa]
8..Section Y 8 (Y 6.85 3.36 0.02 -67.1es6 -3.be+b 153
=-8.95)
13..8ection ¥ 13 6.85 3.36 0.02 -40.0e+6 -2.des6  -0.9e=6 38.9esb 0.55 Ls3
(¥ = 11.65)
16..Section Z 16 7.18 3.36 0.02 -35.8e+6 -3.0es6  -3.lesb 34.Tesb 0.45 Ls3
(z=2.2)
15..Section Z 15 3.36 0.89 0.02 -10.8e26 -116.7e+6  -3.3e+6 111.7e+ 153
z=0
3..5ection X 3 (X 3.00 1.73 002 -6.0s+6 -39.7e+6 -d46.1e6 88.0e+6 3]
= 73.36)
2..5ection X 2 (X 3.00 2.60 0.02  0.0e+6 -31.7e+6 -12.7e26 38.0e+6 153
= 71.68)
4..5ection X 4 (X 3.00 2.60 0.02  0.0e+6 -31.3e+6 -12.0e6 37.6e46 L33
= 75.04)
5..5ection X 5 (X 3.00 1.72 0.02 -B.besb -33.desf -A0.desb Thlesb Ls2
=76.72)
14..5ection Y 14 3.36 0.92 0.02 -15.8e:6 -73.9e+6  9.9e:6 69.6e+6 Ls3
(Y = 14.15)
1..Section X 1 (X 0.83 0.75 0.02 -52.3e+6 -158.de+6  68.de:6 183.2e+ - 1S3
=70)
21..Custom 3.36 277 002 -1.3es6 -18.Je+6  3desb 19.7e46 0.07 0.53 153
Section 21 (136
Elements)
6..5ection Y 6 (¥ 3.36 0.92 0.02 -7.6est -29.5e+6 -B.Be=b 10.6e+6 0.20 0.34 153
=-14.15)
12..5ection Y 12 2.20 1.68 0.02 -1.0e+6 0.0e+6 36.de=b 63.1e46 0.14 0.20 L5t
(¥ = 8.95)
19..5ection Z 19 3.36 2.50 0.02 5.8e:6 0.5e+6 -11.7es6 21.0e+6 0.03 0.15 3]
(z=13.3)
9..5ection Y 9 (¥ 2.20 1.68 0.02 -3.test  D.0e+b 27.0e6 46.9e+6 0.08 0.11 153
=-1.79)
11..Section ¥ 11 2.20 0.84 0.02 -39.4e:6  -D.be+f  22.4e:6 55.1e+b 0.10 0.1 L51
(Y=5.37)
10..Section ¥ 10 2.20 1.68 002 -3lest  0.0e+6  13.6e26 23.7e46 0.02 0.03 153
(¥=0)
18..Section Z 18 4.87 336 0.02  0.0e+6 -0.3e+6 -3.7es6  6udesb 0.00 0.03 153
(z=11.8)

1..Buckling State Limit (LG1, 1..Section X 1 (X = 70}, v2)

53 5000 1.0 ()
2300 7500
Check [51] 1..Plate Buckling ABS 2014 (Plate Avg, Load Group LG1..Envelope
Element Avg)
Parameter Buckling State Limit Selection 1..5ection X 1 (X =70)
View 2..Frame
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