NONLINEAR MECHANICS OF STRUCTURES
EXERCISE 4




PROBLEM DESCRIPTION

The goal of this exercise is to conduct the
buckling analysis of a compressed aluminum
plate. The exercise is divided into two parts. In
the first part the elastic buckling behavior of the
plate is analyzed. In the second part — the
behavior of the same plate after the loss of
stability is assessed.
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Display Crientation Misc.

=

Web | Model Tree

Template Database MName
D:\WsC. Software\Patran/template.db

[ Change Template ...

| Modify Preferences...

| SetWorking Directory to Database Location

Look in: . DZMMIE_lab\Ex 4

0O 0@ABE

.5& My Computer Mame

Size Type

Defaults Transforms Wiewport
: | Filer| Group~ Viewport~ Viewing~ Display~ Preferences- Tools~ Insight Control- Help~ Utilities
New. . Ctrl+n |
Open... Ctrl+0 a
Open Recent... Ctrl+R
Utilities 3
Session »
Quit Crl+Q

Create a new database:

a. File /New...

b. Enter Ex_4.db as
the File name

c. Click OK

d. Select Default

e. Click OK
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File name: Ex_4.db b

Files of type: | Database Files (*.db)

& '3@3' Options ~

RHS Window

Mew Model Preference ]

Model Preference for:
Ex_1i.db

—Tolerance
! Based on Model
(&1 Default

Global Model Tolerance:
0,005

Analysis Code:

M5C.Nastran ~

Analysis Type:
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Select | Select | |Select| | Select Select Select | Select Select Lkl 1 Show  Edit  Verify Renumber Delete Assodate Disassodate

- - - - - - -

Points | Curves Q Curve ates | Flanes | Vectors | P-Shapes Transform Geometry Actions

Select Composite

=== | PART 1: BUCKLING ANALYSIS

Extract Ex_4.db - default_viewport - default_group - Entity  £2 ‘

Fill=t
Match
Offset

Ruled

Trimmed

HEI0ID SN

Vertex

XYZ b

Extrude

¥

¥ 4

Glide
Marmal
Revalve

Mesh

WEieeE s

Midsurface

a. Change Viewport Color to Black (click on the
Cycle Background icon)

Create a surface:

b. Clickon the Geometryicon/Select/XYZ (Surfaces
icon)

Enter <302 885 0> as the Vector Coordinates List
Uncheck Auto Execute

Click Apply

Click on the Smooth shadedicon
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& @ options -

Geometry |

Action:
Obiject:
Method:

Surface ID List
i

Refer, Coordinate Frame
Coord 0

Vector Coordinates List
<3028850>

Auto Execute

Crigin Coordinates List
[ooa]
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Home Geometry Properties oads(BCs Meshing Analysis Results

_ !i ._’. "i ﬁ A7 1£ @. "i r,... Lﬂ ,-‘"w. Ej &~y : - E [ Load/Boundary Conditions ]

Displacement | Force Temperatupe” Velocity Acceleration Crack(VCCT) | Displacement Pressure Temperature Inertial Distributed CID Distributed Total H_ -3
| Constraint Load Load Load Load -]
MNodal Element Uniform Element Variable | Contact Bodies | Initial
- Displacement ~
a
Load/BC Set Scale Factor
1 Option:  |Standard ~
—Current Load Case:
L. . Default...
Apply the boundary conditions: — :
Type: Static
a. Clickon the Loads/BCs icon/Displacement <0,, >
Constraint icon Rotations <R1R2R3>
N < =
Enter disp_xas the New Set Name
) P_ Trans Phase <TplTp2 Tp3= Existing Sets
Click Input Data... < -

Enter <0, , > for the Translations Rotation Phase <Rp1Rp2 Rp3=
Click OK E-

©copo o

1

Spatial Fields

MNew Set Name
disp_x

FEM Dependent Data. ..

Analysis Coordinate Frame
Coord 0

Input Data...

Select Application Region...

(04

-Apply-
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Home Geometry Properties Loads/BCs Meshing Analysis Results

_‘X _;i b 1,;; @ :&ﬁfi = - : EAIET o Y =S - &5 | f g [ Load /Boundary Conditions ]
Displacement Force Temperature Welocity Acceleration Crack(VCCT) e lL E 3 8 & | K b = Action: |Create ~
Constraint i Yool =] l

Modal Element Uniform | Element Variable | Contact Bodies | Initial Conditions | LBC Actions | Load Cases |  LBC Fields Object:  |Displacement =

Ex_4.db - default_viewport - default_group - Entity £ .
ype:

Anplication Region I:I 2

Option:  |Standard ~

—Current Load Case:
Default...

Auto Select... Type: Static

—Application Reqgion
Select Geometry Entities
Surface 1.1.1 h

Existing Sets

k Add ] [ Remove

Application Region

f. ClickSelect

Application Region...

Select Geometry

. Clickon the Select
Geometry Entities
panel

i. SelectPointor Vertex

icon

j. Selectthe point

k. ClickAdd

[. Click OK

m. Click Apply

> @

MNew Set Name
disp_x

Input Data...

Select Application Region...

m _np'ph"_
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Loads/BCs

Home
K g o @

Geometry Properties

Displacement Force Temperature Velocty Acceleration Crack(vCCT) -4

Constraint

Modal

Meshing

Analysis Results
P &g S =0
& I ' %

wo | €

=l

Element Uniform | Element Variable | Contact Bodies | Initial Conditions

- Select Application Region EI’]

Auto Select...

— Application Region
Select Geometry Entities
Surface 1.4 t

Remave

w| s ||
Application Region

i

-

Enter disp_y as the New Set Name
Click Input Data...

Enter <,0, > for the Translations
Click OK

Click Select Application Region...
Select Geometry

Select Curve or Edge icon
Select the bottom edge
. ClickAdd
Click OK
Click Apply

<xXxsg<crvsoDvoOS>

Click onthe Select Geometry Entities panel
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LBC Actions | Load Cases

Load/BC Set Scale Factor
1.

| | Fa 1o

Load/Boundary Conditions ]

LBC Fields

Action: Create ~

Object: |Displacement

Type:

Translations <T1T2 T3>

<,0, > p
Rotations <R1R2R3>

LS
Trans Phase <Tpl1 Tp2 Tp3=

LS
Rotation Phase <RplRp2 Rp3:=>

=

\l

Spatial Fields

Option:  |Standard ~

—Current Load Case:

Default...

Type: Static

Existing Sets

disp_x

Mew Set Name

disp_y

FEM Dependent Data. ..

Analysis Coordinate Frame
Coord 0

Input Data...

(o)

Select Application Region...

q Ok

-Apply-
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Home Geometry Properties Loads/BCs Meshing Analysis Results
.. W
li —e "i - ﬁ 7 !(?512:1 K@ : k=0
5 £
Displ t Fi i ture Velocity Acceleration Crack(VCCT) -+
E:Sgnas(;e;l:‘r:'l arce emperature elod CCeleraoon ra _‘x 14 L . ‘ 8
MNodal Element Uniform | Element Variable | Contact Bodies | Initial Conditions
;]
ACERGRERN see<t Apnlcation gegon [4])]
T | soue ee
+
{ Auto Select...
—Application Region
E Select Geometry Entities
suface 12131411 | ff
%
@ ii Add ] [ Remove ]
Application Region
4=}
[y
g8 | —
Z. Enter disp_z as the New Set Name
aa. Click Input Data...
bb. Enter <, ,0> for the Translations
CC. ClickOK
dd. Click Select Application Region...
ee. Select Geometry
ff. Click on the Select Geometry Entities panel
gg. Select Curve or Edge icon
hh. Select all edges by clickingand draggingthe mouse
ii. ClickAdd
jj.  ClickOK
kk. Click Apply
8
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LBC Actions | Load Cases LBC Fields

Load/BC Set Scale Factor
1.

Translations <T1T2T3
<, 0=

Rotations <R1R2ZR3>
< =

Trans Phase <Tpl Tp2 Tp3>

< =

Rotation Phase <RplRpZRp3>
< =

bb

1|

Spatial Figlds

FEM Dependent Data...

Analysis Coordinate Frame
Coord 0

0K

[ Load/Boundary Conditions ]

Action:
odal ~|

Type:

—Current Load Case:

Default...

Type: Static

Existing Sets

disp_x
disp_y

MNew Set Name
disp_z

Input Data...

Select Application Region...

-Apply-
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Loads/BCs A/Meshing

¥ #

Geomeiry Froperties

Displacement Force Temperature Velodty Acceleration Crack(VCCT)
Constraint

MNodal

o

i

-

.ﬂ}ily;is Results

G e
Lol I~ R ——
3 |l

| RHS Window

Ay
LI

=

K| =|C
/€

Element Uniform | Element Variable | Contact Bodies | Initial Conditions

*Conditions | Select Application Region E]P
Auto Select...
—Application Region
Select Surface Edges
Surface 1.2 i
k Add l [ Remove ]
Bpplication Region

Applytheload:

Click on the Loads/BCs icon/Distributed Load icon

a.
(Element Uniform tab)
b. Enterload as the New Set Name
c. Target ElementType:2D
d. Click Input Data...
e. Enter<0,25,0> forthe Edge Distr Load
f. Click OK
g. ClickSelect Application Region...
h. Select Geometry
i. Clickon the Select Surface Edges panel
j. Selectthetopedge
k. ClickAdd
I. Click OK
m. Click Apply
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LBC Actions | Load Cases LBC Fields
Psf Input =

Load/BC Set Scale Factor
L

Load/Boundary Conditions |

Object:  |Distributed Load ~
Type: Element Uniform ~

Edge Distr Load =f1f2 f3= e
£0,25,0>

Edge Distr Moment <m1m2 m3>
-

4| il

Spatial Figlds

FEM Dependent Data. ..

—Current Load Case:

Default...

Type: Static

Existing Sets

Mew Set Mame

load b

Target Element Type: c

Input Data...

g Select Application Region...

| »

P -

m -Apply-
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Home Geometry Properties Loads/BCs Meshing Analysis Results

%%% 2 lf ] 'Y " < === | 85| | [Nl [a5¥ N | -] = o o2 ¥ (8 | % B km Materialsl

. . . — - : = ~ =
Isotropic Fluid Cohesive | |== &‘ ol £ «- 5 ] ] «- T [% | ||~ %s Solid 2} fq K || = e Action: Create =
Isotropic rthotropic | Misotropic | Fluid Cohesive Composite 0D Properties 1D Properties 2D Properties | 3D Properties | Property Actions Fields . -

Object:  |Isotropic

Pa Inpl.lt io
a Method: |Manual Input ~
Constitutive Model:

Property Name Value

Existing Materials

Elastic Modulus = 70000

Poisson Ratio = 0.3

Define amaterial:
Shear Modulus =

a. Click on the Click onthe Properties
icon/lIsotropicicon

b. Enter aluminum as the Material
Name

c. ClickInput Properties... _

d. Enter 70000 as the Elastic Modulus /] Filter ONJOFF

’ *=
and 0.33 as the Poisson Ratio Temperature Dep/Model Variable Fields:

e. Click OK
f. Click Apply Material Name

aluminum

Density =

Thermal Expan, Coeff =

Structural Damping Coeff =

Reference Temperature =

Current Constitutive Models:

Description

e [ 1

Input Properties ...

Change Material Status ...
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Home  Geometry  Properties = Loads/BCz  Meshing  Analysis  Results & @ Options ~
Pp md mm p D= (e SN | Q| el |2 i
Isotropic Fluid Cohesive : &\ 412 1} G G 1} iy ' % | [~ Solid E, Eq K B = E
Isotropic | Orthotropic | Anisotropic | Fluid Cohesive Composite 0D Properties 1D Properties 2D Properties | 3D Properties | Property Actions Fields
b.] Select Material JE=nlnzn/we ]|  ([--/input Properte [

Stan. Homogeneous Plate(CQUADE)

l Element Properties ]

Q.

Select Existing Material Property Name Value Value Type

Object:
aluminum e [Material Orientation] | = Type:

Thickness 2.5 f Real Scalar ~

g

“
o
Oy

| »

Material Name m:aluminum Mat Prop Mame

[

+

[Monstructural Mass] Real Scalar Sets By: [Name
[Plate Offset] Real Scalar
[Fiber Dist, 1] Real Scalar
[Fiber Dist, 2] Real Scalar
Blamlime e Eneem dofee 00 ARAY | — X
L i »

l | /| Filter OMJOFF

*

Property Set Mame
plate

Enter the Thickness or select a field with the icon. Specify Element Modal by selecting it from the
dropdown,
Assign the properties: [Siﬁndard Farmulation ']
Properties: Shellicon
P 8| o
Enter plate as the Property Set Name

Input Properties ...

Click Input Properties...
Click on the Mat Prop Name icon
Selectaluminum

Enter 2.5 as the Thickness

Click OK

Select Application Region ...

@m0 oo T
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Home  Geometry  Properties = Loads/BCs  Meshing  Analysis  Results & @ Options -

0 md Hm p ) = (e (w2l
Isotropic Fluid | Cohesive | |==|/dg || © || v L0y | D TS [~ Solid xE R E =
Isotropic | Orthotropic | Anisotropic | Fluid Cohesive Composite 0D Properties 1D Properties 2D Properties | 30 Properties | Property Actions Figlds

7] Ex_4.db - default_viewport - default_group -Entity 52

E:
_ Select Application Region EIP] [ Element Properties ]
5.0000 50000
+ Object: (20 ~|
~Application Reaion
- Select Members| Type:
Surface 1 |
= - Sets By: |Mame ™
% | Add ] [ Remove
?ppliﬁﬁnn Region

LT

5
LE
I‘!E | Filter ON/OFF

(=]

B B
J | Property Set Name

g’f‘u plate

H Options:

m OK
) 1
T
[Siandard Formulation *]

h. Click Select Application Region...
Click on the Select Members panel Sk Bl e
Select Surface or face icon

—

Select Application Region ...
k. Selectthe surface
[. Click Add
m. Click OK | n |y |
n. Click Apply
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a

Properties Loads/B! Meshing Analysis Results

| s = = .o' +
d"4|"d N = m | 5| @] | ][ )| 2] || 28] ([N []]] | iy Ei
- ‘e
NB A | surface Au:a_thrd B e | EE =D R o || "se || 351 |1 Edit SuperBlement | “w || 4 A gF & ¥ 2 = [IJ_OE

oin i
FEM Actions Node Element MPC DOF List

] Ex_4.db - default_viewport - default_aroup -Enfity 52

Geometry

.

Mesh Seeds Mesh Control Meshers

Mesh the surface:

5.0000 5.0000

a. Clickon the Meshingicon/Surface icon
(Meshers tab)

b. Elem Shape: Quad; Mesher: IsoMesh;
Topology: Quad4

c. Click on the Surface List panel
d. Selectthe surface
e. Uncheck Automatic Calculation
f. Enter 10 as the Value of the Global Edge
Length
g. Click Apply
h. Clicklso 1View
£.0000
£.0000
¥

S
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& '@' Options =

(& mewam NN 120 TF g

Spot Fastener

Finite Elements |

Action:
Object:
Type:

Output ID List
MNode 1

Element 1

Elem Shape
Mesher
e

[ IsoMesh Parameters. ..

[ Mode Coordinate Frames. ..

Surface List
Surface 1 c

—Global Edge Length

Automatic Calculation

Value 10.0

Prop. Mame: -Mone -
Prop. Type: -MjA -

[ Select Existing Prop...

[ Create New Property...

g -Apply-
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Home Geome Properties Loads/BCs
| = [»
@ o [ e
Entre Selected || Analysis || Read Submit || [ ]
Model  Group(s) Dedk
Analyze Create Existing Deck Optimize

a

(7] Eigenvalue Extractior

BUCKLING EIGENVALUE EXTRACTION

Extraction Method:

Lanczos ~
—Eigenvalue Range of Interest

Lower = 0
h

Upper =

Estimated Mumber of Roots =
2

Mumber of Desired Roots = .
5 1

o

Number of Desired Positive Roots =
1

Number of Desired Negative Roots =
1

Diagnostic Output Level:

Results Mormalization

Mormalization Method: Maximum ~
Mormalization Point =
Normalization Component: 155

]

I\%Analysis

Results
[, /| -9 b s
WS N hﬁ‘ :db‘ op: ay“
* ] HDFS  XDB Read  Attach
Output2 Output2
Access Results

Toptomize

GG BB oy 6w

t16/t19  d3plot

s | ||| | JobjView H
ﬁ L' E' Cutput =
Delete Maonitor Actions

| RHS Window

—Buckling Solution Parameters
+| Database Run

Cydic Symmetry
+| Automatic Constraints

S0L 600 Run

Chedk Contact Model
Shell Mormal Tol. Angle =
Mass Caloulation:
Data Deck Echo:
Plate Rz Stiffness Factor =
Maximum Printed Lines =
Maximum Run Time =
Wt.-Mass Conversion =
Mode i.d. for Wt Gener, =
Default Initial Temperature =

Default Load Temperature =

Rigid Element Type:

Run a bucklinganalysis:

a. Clickonthe Analysis/Analysis Deck icon
b. Enter ex_4_buck astheJob Name

c. ClickSolution Type...

d. Select BUCKLING as the Solution Type

e. ClickSolution Parameters...

f. Click Eigenvalue Extraction...

g. Extraction Method: Lanczos

h. Lower =0

i. Enter 5 as the Number of Desired Roots
j. ClickOK

f Eigenvalue Extraction...

Bnalysis | Sclution Type

MSC.Nastran
Solution Type

Analysis

pct
Object:  |Entire Model ~
Method: |Analysis Deck ~

Solution Type:

Code: | MSC.Nastran

Type: | Structural

() LINEAR. STATIC
(2} NOMLIMEAR. STATIC
NORMAL MODES

BUCKLING

COMPLEX EIGENVALUE

FREQUENCY RESPONSE
(2} TRANSIENT RESPONSE

NOMLIMEAR TRANSIENT

IMPLICIT MOMLINEAR
[} DDAM Salution

Select ASET/QSET...

Available Jobs

Job Name
Ex_4 buck b
Job Description | E)

Solution Parameters. ..

Solution Sequence: 105

[ Results Output Format. ..

[ Defaults ]
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Translation Parameters. ..

Solution Type...

Direct Text Input...

Select Superelements. ..

Subcases. ..

Subcase Select...

| ¥
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Output? Output2
Access Results

Home Geometry Properties Loads/BCs Meshing Analysis Results
) B e
— | [ = h3 K op.
S S - < > * W* L3
Entre Selected | Analysis | Read Submit | [4/ [# & [#]| | HDF5 DB  Read
Model Group(s) Deck — a
Analyze Create Existing Deck Optimize | Toptomize
Pa| Results O = Pa| Solution Pa
0oP2 | XDB Print Punch —Buckling Solution Parameters
+| Database Run
| HOF5 Compressed [} 5
Cydic Symmetry
XDE Buffer Size: I
| Automatic Constraints
SOL 600 Run
m 2 ] [ Defaults ] [ Cancel Check Contact Model

k. Click Results Output Format
[. Uncheck Printand check XDB
m. Click OK

n. Click OK

0. Click OK

p. Click Apply

g. Run Nastran analysis using

ex_4_buck.bdf file
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Shell Mormal Tol. Angle =

Mass Calculation:

—
A

Attach

B %% pay S

ti16/t19 diplot | [y ([ Bl | JobMew || g
Qutput =
Delete Monitor Actions

- Solution Type |

MSC.Mastran
Solution Type

Solution Type:

(7} LINEAR. STATIC

() NOMLINEAR STATIC

() NORMAL MODES

(%] BUCKLING

) COMPLEX, EIGENVALUE
) FREQUENCY RESPONSE
() TRANSIENT RESPONSE
() NOMLINEAR. TRANSIENT

Data Deck Echo: e
120 IMPLICIT MOMLINEAR
Plate Rz Stiffness Factor = 100.0 ) DDAM Solution
Maximum Printed Lines =
Maximum Run Time = [ Select ASET/QSET...
Wt,-Mass Conversion = 1.0
Mede i.d. for Wt. Gener, =
l Solution Parameters...
Default Initial Temperature =
Default Load Temperature = Solution Sequence: 105
Rigid Element Type: LINEAR
[ Eigenvalue Extraction... ] o QK ] [ Cancel

[ Results Qutput Format... k

n Lex ] |

Defaults

] [ Cancel
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I RHS Window

Analysis |
Action:
Object:

Method:

Code: | MSC.Nastran

Type: | Structural

Available Jobs

Job Name
Ex_4 buck
Job Description | E)

Translation Parameters...

Solution Type...

Direct Text Input...

Select Superelements...

Subcases. ..

Subcase Select...

o [

| ¥
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Home Geometry Properties Loads/BCs Meshing Analysis Results

s A i : E Iﬂ h% -;d‘ upii: '-E f"‘% ’%E LSS E’ & - .-'-\nalysisl

Entre Selected | Analysis | Read Submit || [ %|[#| | HOFS | ¥DB | Read  Attach ti5/t19 d3plot ([ B | | JobjView N
Model  Group(s) Deck - & - = Qutput2 Cutput2 F’ l" E- Output & Action:  |Access Results

Analyze Create Existing Deck Optimize | Toptomize Access Restlts Delete Monitor Actions )
Object: |Attach XDE ~
Method: |Result Entities

Attach the results file, when the analysis job is Code: ‘MSC.Nastran
completed:

Type: ‘ Structural

a. Analysis:XDBicon

b. ClickSelectResultsFile... _

c. Selectex_4_buck.xdbfile and click OK "“g:":bfui‘zbs
d. Click Apply T

Job Mame
Ex_4_buck
Job Description (TITLE)

Select Results File. ..

Translation Parameters. ..

d [ e |
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Home Geometry Properties Loads/BCs Meshing Analysis
D@8 a8 & & 58%E @ @ 58
B e MR &8 BHEHR® %R
Defaults Transforms Viewport Display
H: o Properties Loads/BCs Meshing Analysis
P % e % wln 4 A
Fringe /[Deformation
Quick Flot Result Plots
a. Hide (erase) all geometry entities
b. Results: Fringe/Deformation
c. SelectResult: Cases: Al:Mode 1
Select Fringe Result: Eigenvectors,
Translational
Select Deformation Result: Eigenvectors
Translational

@™ oo

. Click on the Deform Attributes
. Change Scale Factor to 0.1

Uncheck Show Undeformed
Click Apply
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Results
IEEEIE
Crientation

Results

asa @

LY D'} ﬂa

Misc. Web | M
£ gl =

Deformation Fringe Vector Tensor Cursor Contour Isosurface Freebody Graph Animation Report Derive ﬁ

Result

1.00+00,
9.33-01
i 8.67-01
8.00-01
7.33-01
6.67-01
5.00-01 f

5.33-01

4.67-01
4.00-01
3.33-01
2.67-01
2.00-01
1.33-01

6.67-02
1}

Mode 1: Factor = 1.728
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—
RHS Window
Results |

B =

"RHS Window

Results

Object:  |Quick Plot ~

Action:

Show Viewport Legend

Deformed: .
Render Style:
Line Style: E
Line Width: E
Scale Interpretation
(%1 Model Scale ) True Scale
Scale Factor 0.1 e

Show Undeformed

( Title Editor. .
| Show Tite

Lock Title

| Show Maximum Label

[ Label Style... ]

g Apply ] [ Reset

Select Result Cases

Default, Al:Static Subcase; -MSC.MASTRAP

Default, Al:Maode 1: Factor = 1.7281;-M5
Node 2 : Factor = 1.8995;-M3

Default, A1:Modk 3 : = 1.9942;M5

Default, &1:Mode MNEactor = 2,2704; M5

Default, &A1:Mode 5 : Faxtgr = 2.7812;-M5

4 i |

Select Fringe Result

Constraint Forces, Rotational
Constraint Forces, Translational
Eigenvectors, Rotational
Eigenvectors, Translational

Magnitude ~

Quantity:

Select Deformation F‘.esult/

Constraint Forces, Ro
Constraint Forces, Trghslational
Eigenvectors, Rotatighal
Eigenvectors, Transiational

EUROPEAN UNION
EUROPEAN
SOCIAL FUND



Home  Geometry  Propertes  Loads/BCs  Meshing  Analysis  Results 2] ':@:' COptions =

® Lhisvlk, 2@ 20y v @ E=e m g "

Fringe/Deformation | Deformation Fringe Vector Tenmsor Cursor Contour Isosurface Freebody Graph  Animation Report Derive B % Insight @ ﬁ @ Spectrums Ranges Titles Colors  Toggle

Spectrum
Quick Plot Result Plots Result Actions | Insight XY Plots Imaging
1.00+00 1.00+00 1.00+00 1.00+00
933.01 §.33-01 9.33-01 9.23.01
" 6701 8.67-01 8.67-01 8 67-01
8.00-01 80001 8.00-01 8.00-01
73301 73301 7.33.01 723.01
6.67-01 6.67-01 6.67-01 6.67-01
6.00-01 6.00-01 6.00-01 6.00-01
533.01 5.33-01 5.33-01 5233.01
46701 46701 46701 46701
4.00-01 4.00-01 4.00-01 4.00-01
33301 3.33.01 3.33-01 323.01
267.01 2.67-01 2.67-01 2 67-01
2.00-01 2.00-01 2.00-01 2.00-01
13301 13301 13301 13301
6.67-02 6.67-02 6.67-02 6.67-02
0 0. 0 0.
Mode 2: Factor = 1.899 Mode 3: Factor = 1.994 Mode 4: Factor = 2.27 Mode 5: Factor = 2.78
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C

Geometry

Properties

Loads/BCs Meshing Analysis Results

" RHS Window

DNE@Wae ¢ aes v o @ e e e e @
el R &8 BDEHAR BEL 2| G e e |
Defaults Transforms Viewport Display Crientation Misc,

Home Geometry Properties Loads/ECs Meshing Analysis Results

- g

Constraint

Nodal

-t

A - gty !_ r-
Displacement Force Temperature Velodty Accelerahon rack(VCCT)  IPE

EIementL|n|ﬁ:|m Element Variable | Contact Bodies | Inif

=&

PART 2: PLATE BEHAVIOR
AFTER LOSS OF STABILITY

(NONLINEAR ANALYSIS)

Click on the Reset graphics icon

Click on the Plot/Erase Geometryicon
Click on the Smooth shadedicon

Click on the Loads/BCs icon

Modify the Distributed Load (change its
value to 88.55)

© a0 o

Create a pressure load:

f. Clickon the Loads/BCs icon/Pressure
icon (Element Uniform tab)

g. Enter pressure as the New Set Name

h. Target ElementType:2D

i. Click Input Data...

j. Enter 1e-4as the Top Surf Pressure

k. Click OK

i HUMAN CAPITAL
NATIONAL COHESION STRATECY
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Load/BC Set Scale Factor
1

Top Surf Pressure
le-4
Bot Surf Pressure

Edge Pressure

1|

Spatial Fields

FEM Dependent Data. ..

Load/Boundary Conditions

Type: Element Unifarm ~

Current Load Case:
Default...

Type: Static

Existing Sets

Mew Set Mame
pressure g

Target Element Type:

Input Data...

Select Application Region. ..

-Apply-

EUROPEAN UNION
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" RHS Window

Home Geometry Properties Loads/BCs Meshing Analysis Results

i X - - - )
‘i — e -’i = 1£‘, s @!:::}:' & : El« 0 ||= =8 & | A um Load/Boundary Conditions |
5 g 8,
Displacement Force Temperature Velodty Acceleration Crack(VCCT) l}_‘ | -'j g x| *K ki) o ﬁ Action: Create =
Constraint 4 - =] '
Nodal Element Uniform | Element Variable | Contact Bodies | Initial Conditions | LBC Actions | Load Cases LBC Fields

Object:  |Pressure ~

EK_4.db - default_viewport - default_group - Entity  £2 \ reanee RHS Window
Type: Element Uniform ~

+ Conditions Select Application Region E]

I
G Select: m
+

Current Load Case:
Default. ..

Auto Select... Type: Static

Application Region
— Select Surfaces or Edges
Surface 1

Existing Sets

J |

ication Region

New Set Mame

pressure
¥
o Target Element Type:
I. ClickSelect Application Region...
m. Select Geometry
n. Clickon the SelectSurfaces or Edges panel Input Data. ..
0. SelectSurface or Face icon Seleck Arrbebion e
p. Selectthe surface
q. Click Add IT_ —
r. Click OK
s. Click Apply
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a

sctn
Object:  |Entire Model ~
Method: |Analysis Deck =

| »

MSC.Mastran

VA
Home Geome Properties Loads/BCs m.ﬁ.nalysis Results
b - - P T, L. i i B | [ | [ ey I Analysis
h5 db 2 #, = e Ll |
i =] [= I || = I op2 f“ é plot s "8 & -
Entire Selected || Analysis | Read Submit ||/} HDFS XDE  Read  Attach t15/t19 d3plot s [ || | JobjView
Model Group(s) Deck — @ — @ Output? Output? & L' E' Output =
Analyze Create Existing Deck Optimize | Toptomize Acress Results Delete Monitor Actions
Ps| Results O = P:| Solution Paramete = RHS Window
oz /| XDB L Punch —Nonlinear Static Solution Parameters Analysis | Solution Type |
7| HDFS CcmpreM Automatic Constraints MSC.Nastran Code:
) Solution Type
VDB Buffer Size: | Large Displacements Frre ‘Strudural

g

Defaults ] [ Cancel

h oK ]|

J

Run a nonlinearanalysis:

a. Clickonthe
Analysis/Analysis Deck
icon

b. Enter ex_4_nl as the Job
Name

c. Click Solution Type...

d. Select NONLINEARSTATIC
as the Solution Type

e. Click Solution

Parameters...

f. Click Results Output
Format...

g. Uncheck Printand check
XDB

h. Click OK

i. ClickOK

j. ClickOK

HUMAN CAPITAL

NATIONAL COHESION STRATECY

| Follower Forces

5al700 Parameters. ..

Solution Seguence =

Shell Mormal Tol. Angle =
Mass Calculation:

Data Deck Echo:

Plate Rz Stiffness Factor = 100.0
Maximum Printed Lines =

Maximum Run Time =

Wt.Mass Conversion = 1.0
Mode i.d. for Wt. Gener, =

Default Initial Temperature =

Default Load Temperature =

Rigid Element Type:

f Results Output Format. .. ]
i ok | | oDefas | | cancel
21

Solution Type:

(C) LINEAR STATIC
[*) NONLINEAR. STATIC

7] NORMAL MODES
(2 BUCKLING

() COMPLEX EIGENVALUE
(") FREQUENCY RESPONSE
(2 TRANSIENT RESPONSE
(2} NONLINEAR. TRANSIENT
(2 IMPLICTT NONLINEAR

[Z) DDAM Solution

Select ASET/QSET...

Solution Parameters. ..

Solution Sequence: 106

Available Jobs

Ex_4_buck

Job Mame

Ex_4_nl b

Job Description (TITLE)

Translation Parameters. ..

Solution Type...

Direct Text Input...

Select Superelements. ..

Subcases...

Subcase Select...
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—
Home  Geometry  Properties  Loads/BCs  Meshing  Analysis = Results RHS Window
ENENNT Ay e e A G R ey [ avaysi |
E \ﬂ A || | | “hs wdb op2. j‘ -"1{'._; ot |I' s B hﬁ » Analysis
£l L L] L] L3 L3 L3
o

Entre Selected | Analysis | Read  Submit 3_ = * = HOF5 XDB  Read  Attach t15/t19 d3plot Eﬂ" E' E‘. JobfView | | &

| ¥

Model Group(s) Deck Output? Output? Output
Analyze Create Existing Deck | Optimize | Toptomize Access Results Delete Meonitor Actions Object:  |Entire Model ~
Pa Subcase Para Pa) Subcases = Method: |Analysis Deck =
—Static Nonlinear Iterations Solution Sequence: 108
Number of Load Increments = 4 n - Code: ‘MSC.Nash’an ‘
. Total Time: Twpe: ‘Str ctural ‘
k. Click Subcases... Avaible Subcases ype: | S
Matrix Update Method:
l. Select Default - [putomatic -]
m. Click Subcase Number of Iterations per Update = |5 Available Jobs
Ex_4_buck
Parameters... Allowable Tterations per Increment = |25
n. Enter 4 as the Number
—Convergence Criteria
of Load Increments Displacement Error
. Subcase Name
O. C||Ck OK Default Job MName
Displacement Tolerance =
Ex_4_nl
Load Error Available Load Cases Job Description (TITLE) =
Load Tolerance =
Work Error
Work Tolerance =
[ Arc-Length Methed ... ]
Mormal Modes Buckling - Subcase Options
Subcase Parameters. .. m
Mormal Modes | [ Buckling | [ Output Requests. . ]
Default Load Temperature = [ Direct Text Input. .. ] Translation Parameters... ]
l Solvers f Options... ] [ Select Explict MPCs. .. ] Solution Type... ]

Direct Text Input. . ]

o oK Cancel [ apoy | Cancel

Select Superelements. ..

Subcases... k

Subcase Select...

22

HUMAN CAPITAL EUROPEAN UNION
NATIONAL COHESION STRATECY EUROPEAN
SOCIAL FUND



=
Home  Geometry  Properties  Loads/BCs  Meshing  Analysis = Results RHS Window

F‘ @ @ ENEN | ED hS: “E -,,pz f: 4:1#l ;.ﬂéE S B || Analysis |

il 12 B
Entire Selected | Analysis | Read Submit :’ @ , @ HDF5  ¥DB Read  Attach t16/t19 d3plot & E—'“ @ JobjView | | & Action: =
Model  Group(s) Deck Output2 Output2 Output —
Analyze Create Existing Deck | Optimize | Toptomize Access Results Delete Monitor | Actions Object:  |Entire Model ~
P ut Pa| Su Method:  |Analysis Deck =
SUBCASE NAME: Default Select Group(s)/SET
SOLUTION SEQUENCE: 106 Solution Sequence: 106
default_group
Form Type: q - Code: | M5C.Nastran ‘
Select Result Type T ‘ Structural ‘
Displacements - ype: L rai
Element Stresses || [Options Available Subcases
Constraint Forces = BT Default
Wil Pt Conataint Forces pefauit ]
Element Forces L8| | Fomat: Available Job
Applied Loads . f | Vallable JoDs
Element Strain Energies s :Vun M\ses\ J Ex 4 buck
Element Strains b Element Paints: Bilnear ~ | -
Flate Strain Curv: :Plane Curv. ':
Compete Plate 0Pt [y shees ]
STRESS(SORT1,REAL, VONMISES, EILIN) =Al FEM;PARAM,NOCO| Suppress Print for Result Type
SPCFORCES(SORT 1,REAL)=All FEM SN
M= Subcase Name
Power option Default Job Mame
a ., r Ex_4_nl
L. : =
Available Load Cases Job Description {TTTLE)
[ Delete ]
TLE
| This is a default subcase. ‘
SUBTITLE
7| SUBTITLE | |
Default ‘
LABEL —Subcase Options Lh3EL
[ MSC.NASTRAN JOB CREATED ON 06-APR-21 AT 00:39:07;- | Subcase Parameters. .. | |
[ Output Requests... p
S ok [ —— [ Translation Parameters. .. ]
irect Text Input...
H Solution Type...
p. Click Output Requests... [ re—— ] [ . )
g. Formtype:Advanced l Direct Text Input... )
r. Intermediate OutputOption:Yes t ey ) [ e | y [ Select Superelements... ]
5. Click OK l Subases. ]
t. Click Apply l Subcase Select... ]
u. Click Cancel §
v. Click Apply v | Aeely J -
w. Run Nastran analysis using ex_4_nl.bdffile
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Home Geometry Properties Loads/BCs Meshing Analysis Results

® & Liwwl, o @

Fringe/Deformation | | Deformation Fringe Vector Tensor Cursor Contour Isosurface Freebody Graph Animation Report

Quick Plot b Result Plots

a.
b. Results: Fringe/Deformation

> @ o

. Select: Position...(AtZ2),

. Click on the Deform Attributes

. Click Apply

Attach the results file

Select Result: A2:Non-linear: 100%
of Load

Select Fringe Result: Nonlinear
Stresses, Stress Tensor

Select Deformation Result:
Displacements, Translational

Option: Average
Quantity: Y Component

Change Scale Factor to 0.1
Uncheck Show Undeformed

100% of Load; Y stress;

top surface

i HUMAN CAPITAL
NATIONAL COHESION STRATECY

1. 15+00
1.51+01
2.91+01

5.47+01

4.07+01
268+01
1.28+017]

4.30+01

570401

7.08+01
B.49+01
9.83+01
1.13+02

1.27+02

1.41+02
1.55+02
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r Results |

i

Scale Interpretation

Show Viewport Legend
Deformed: .

Render Style:

(%] Model Scale (2 True Scale

Results I
Object:  |Quick Plot ~

=

Select Result Cases

Default, A1:Mode 2 ; Factor = 1.5993; &
Default, Al:Mode 3 ; Factor = 1,9942;
Default, A1:Mode 4 ; Factor = 2,2704;
Default, A1:Mode 5 : Factor = 2.7812;
Default, A2:MonHinear: 25. % of Load; =
Default, &2:MonHinear: 50. % of Load;
I Default, A2:Non-inear: 75. % of Load;

Default, A2:Non-inear: 100, % of Loacg
4 | b

Select Fringe Result

Manlinear Strains, Strain Tensor
I Monlinear Stresses, Equivalent Stress |j

Monlinear Stresses, Stress Tensor

Scale Factor 0.1 e Principal Stress Direction, Zero Shear A1+
4 Il b
Show Undeformed | l
g
[ Fosition... (At 22) d
Quantity: Y Component ™
Select Deformation Result
Constraint Forces, Rotational
[ Title Editar... ijnstralnt Forces, Tr:anslatlnnal
Displacements, Rotational
| Show Title Lock Title Displacements, Translational
| Show Maximum Label
[ Label Style... ]
h Apply J ’ Reset
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Home Geometry Properties Loads/BCs Meshing Analysis Results

® LELisvl, 4 M 2% 5 @ Eme ]

Fringe/Deformation | Deformation Fringe Vector Tensor Cursor Contour Isosurface Freebody Graph Animation Report Derive B % Insight @ ﬁ a Spectrum Action:
Quick Plot Result Plots Result Actions | Insight XY Plots Ohbiect: Quick Plot =

1.09+02 E
9 50+01
8 13+01

i. Select:Position...(AtZ1)
j. Click Apply Select Result Cases

Default, A1:Mode 2 : Factor = 1.5998; &
Default, A1:Mode 3 : Factor = 1.9942;
Default, A1:Mode 4 : Factor = 2.2704;

6.75+017 Default, Al:Mode 5 : Factor = 2.7812;
Default, A2:MonHinear: 25. % of Load; =
5.38+01 Default, A2:MNon-inear: 50, % of Load;
Default, &2:MonHinear: 75. % of Load;

4 01+01 Default, AZ:Noninear: 100. % of Loacy
4 ] | 3

2 B3+01
Select Fringe Result
1 26+07 Manlinear Strains, Creep Strain
Monlinear Strains, Plastic Strain
1 A6+00 Morlinear Strains, Strain Tensar
' Monlinear Stresses, Equivalent Stress
-149+01 E "” | b
-2 86401 [ Pasition. .. (At Z1)
Quantity: Y Component ™
-4 24+01

Select Deformation Result

S5 61+01 Constraint Forces, Rotational
’ Constraint Forces, Translational
Displacements, Rotational

-6.98+01

-5.36+07
-9.73+01

100% of Load; Y stress;

bottom surface I}
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Home Geometry Properties Loads/BCs Meshing Analysis Results

=3 B b % why 4 A B Al B @ mme 7 e |

Fringe/Deformation | Deformation Fringe Wector Tensor Cursor Contour Isosurface Freebody Graph Animaton Report Derive B % Insight @ ﬁ a Spectrumg Action:

Quick Plot Result Plots Result Actions | Insight XY Plots Ohject: Quick Plot ~

-5.17+00 =

k. Click Position...
I. Selectboth positions: AtZ1

-1.11+01 Positions
and.AtZZ Select Result Cases
m. Option: Average -1 70+01 Default, A1:Mode 2 : Factor = 1,8998; &
n. Click Close Default, A1:Mode 3 : Factor = 1,8342;

-2.29+01 Default, Al:Mode 4 : Factor = 2,2704;
Default, A1:Mode 5 ; Factor = 2.7812;
_2as+ Default, A2:Non-inear: 25. % of Load; 2
Default, A2:MonHinear: 50. % of Load;
Default, A2:MonHinear: 75. % of Load;

34701 [Default, A2:Nordinear: 100. 2% of Loacps
-4 07+01 4 [} b

-4 GE+01 Select Fringe Result

Monlinear Strains, Creep Strain FY

-5 25+01 Monlinear Strains, Plastic Strain |§|
Monlinear Strains, Strain Tensor

o. Click Apply

-5.84+01 Monlinear Stresses, Equivalent Stress  w
1] i | »
-6.43+01
-7 .02+01 [ Position... (At 71>
| Quantity: ¥ Component ~
-T.B1+01

= Select Deformation Result
_8 21+01 Constraint Forces, Rotational

Constraint Forces, Translational
_8 280+01 Displacements, Rotational

Option: Average * Displacements, Translational
039401

100% of Load;
membrane stress
(Y stress; middle surface)

.
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