WORKSHOP 3
]

Linear Static Analysis of a
Simply-Supported Stiffened Plate

Objectives:

m Create a MSC.Nastran analysis model comprised of
CQUAD4 & CBAR elements.

m  Prepare aMSC.Nastran input file for a Linear Static
analysis.

m  Visualize analysis results.
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Model Description:

Below is afinite element representation of the stiffened plate shown
on page 3-1. The plateis 0.1 inchesthick; therefore thin-shell theory
applies. 1-beam dtiffeners are mounted as shown. The structure has
pin supports on its four corners and a uniform pressure of 0.5 psi is
applied to the surface of the plate (See Figure 3.3). Table 3.1
contains all the necessary values to define the material and property
of the stiffened plate.

HINT: Because the centroidal axes of the stiffeners do not coincide
with the mid-plane of the plate, you will need to account for
this when you define the element properties for the
stiffeners.

Figure 3.1 - Model Schematics
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Table 3.1 - Model Properties

Elastic Modulus: 10.3E+06 psi
Poisson Ratio 0.30
Density: 0.101 Ibs/in3
Plate Thickness: 0.10in

Bar Cross-Sectional Area: | 0.38in?

| e 0.2293in*

| bb: 0.0168in*
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0.0013in*
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Suggested Exercise Steps:

m  Explicitly generate afinite element representation of
the gtiffened plate using nodes (GRID), element
connectivities, (CBAR) and a manually defined
CQUADA4 element.

m  Define material (MAT1) and element properties
(PSHELL & PBAR).

m Verify XY-orientation and offset vectors for the bar
elements.

m  Definesimply-supported boundary constraints (SPC1)
and apply a uniform pressure load to the plate
(PLOADA).

m Usetheload and boundary condition setsto define a
load case (SUBCASE).

m  Prepare the model for aLinear Static analysis (SOL
101).

m  Generate and submit input file for MSC.Nastran.

m  Review theresults.
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Figure 3.2 - Grid Coordinates and Element Connectivities
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Figure 3.3 - Loads and Boundary Conditions

123 5 psi acting uniformly on plate surface 123
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| D SEM NAR, PROB3

CEND

BEG N BULK
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L ]
1 2 3 7 5 6 7 8 10
ENDDATA
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Exercise Procedure;

3-10

1. Userswhoarenot utilizing M SC.Patran for generating
an input file should goto Step 17, otherwise, proceed to
Step 2.

2.  Create anew database called prob3.db.

File/New...
New Database Name: prob3
OK

In the New Model Preference form set the following:
Tolerance: [] Default
Analysis Code: MSC/NASTRAN
Analysis Type: Structural
OK

Whenever possible click [] Auto Execute (turn off).

3. Create a20x10 inch surface.

[] Geometry

Action: Create
Object: Surface
Method: XYZ
Vector Coordinate List: <20, 10, 0>
Origin Coordinate List: [0,0,0]
Apply

For clarity, turn on the Show Parametric Direction parameter.

Display/Geometry...

B Show Parametric Direction
Apply
Cance
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Edit the surface by breaking it into two halves. You control how the
surface is to be divided by using the Break Direction parameter;
Constant u Direction corresponds to Parametric direction 1 as
displayed on the surface created in the previous step.

[] Geometry
Action: Edit
Object: Surface
Method: Break
Option: Parametric
Break Direction: [J Constant u Direction
Break curve: 0.5
B Delete Original Surfaces
Surface List: Surface 1
Apply

Answer Yes when the questionD'o you wish to delete the original
surfaces?”comes up on the screen.

Yes

Figure 3.4 - Geometry and Parametric Direction of Plates

Surface 3.1

-« Surface2.1

\ Surface 2.4
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5.  Before you mesh the geometry model, shrink the elements by 20%;
this allows you to easily visualize the element connectivities.

Display/Finite Elements...

FEM Shrink: 0.20
Apply
Cance

To better visualize the connectivities, increase the node display size
using the following toolbar icon:

;}‘ Node Size
.::;.

Turn off Parametric Direction to minimize the model information in
your display.

Display/Geometry...

[] Show Parametric Directions

Apply
Canced

6. Place mesh seeds to determine the size of the mesh.

U] Finite Elements

Action: Create

Object: Mesh Seed

Type: Uniform

[J Number of Elements

Number = 2

Curve List: Surface2.1, 3.1
(Sdlect both left edges)

Apply

Number = 5
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Curve List:

Apply

Surface 2.4
(Select bottom edge)

7.  Proceed with meshing the geometry model.

First, discretize the surface into Quad4 el ements:

[] Finite Elements
Action:

Object:

Type:

Element Topol ogy:
Mesher:

Surface List:

Apply

Create
Mesh
Surface
Quad4
[] IsoMesh

Surface 2, 3
(Sdect all surfaces)

8. To represent the diffeners, generate bar elements along the
longitudinal edges of the surfaces. There is no need to specify a
Global Edge Length since the mesher will utilize existing nodes
generated when you meshed the plate geometry with quad elements.

NOTE: Thestiffener centroidal offsetsare NOT taken into account
during this step. These offsets are specified when you
define the Element Propertiesfor the bar elements.

[J Finite Elements
Action:

Object:

Type:

Element Topol ogy:
Curve List:

Apply

Create
Mesh

Curve
Bar2

Surface2.42.23.2
(Select all horizontal edges)
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9. Equivalence the model to remove duplicate nodes at common

geometry boundaries.

U] Finite Elements

Action: Equivalence
Object: All

Method: Tolerance Cube
Apply

Refresh the screen as needed using the Refresh Graphics icon on
the Top Menu Bar.

" Refresh Graphics

Usethe Labdl Control Icon

2
g

to turn on node and element |abel

>¢ Labels =]
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Figure 3.5 - Geometry and Meshing of Plates

5]
|

10. Define amaterial using the specified Modulus of Elasticity, Poisson

Ratio & Density of the model description.

[J Materials
Action:
Object:
Method:

Material Name:

Create

| sotropic

Manual I nput

alum

| Input Properties...

Constitutive Model:
Elastic Modulus =
Poisson Ratio =
[ok ]
| Apply |

Linear Elastic

10.3E6

0.3

11. Create the elements properties for the model.
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11a. First define properties for the Quad4 elements which represent the

plate.
[ Properties
Action: Create
Dimension: 2D
Type: Shell
Property Set Name: plate
Input Properties...
Material Name: m:alum
Thickness: ?7?7?
(Enter the plate thickness.)
OK
Select Members: Surface 2, 3
(Select all surfaces.)
Add
Apply

11b. Next, define properties for the Bar2 elements which represent the
stiffeners. For this model, in addition to bar orientation, area, area
moments of inertia, torsional constant and appropriate stress
recovery coefficients, we need to define offsets (See Hint on page

3-16

3-3).

[] Properties
Action:
Dimension:

Type:

Property Set Name:

Create

1D

Beam

stiffener

Input Properties...

Material Name:
Bar Orientation:
[Offset @ Node 1]:
[Offset @ Node 2]:
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worksHorp 3 Stiffened Plate
I
Area: 0.38
[Inertia 1,1]: 7??
(Enter Inertia about 1-1)
[Inertia 2,2]: 7??
(Enter Inertia about 2-2)
[Torsional Constant]: 0.0013
[Y of Point C]: 1.
[Z of Point C]: -0.5
[Y of Point D]: 7?7?
(Enter Y of Point D)
[Z of Point D]: 7??
(Enter Z of Point D)
['Y of Point E]: -1.
[Z of Point EJ: 0.5
[Y of Point F]: -1.
[Z of Point F]: -0.5
OK
Select Members: Surface2.2,2.4,3.2
(Select all horizontal edges)
Add
Apply

12. UsetheViewing/Angles... option to change the view. Also, erase al
geometry using the Display/Plot/Er ase... option.

Viewing/ Angles...

Method: [1 Model Absolute
Angles: 23.0, 34.0, 0.0
Apply
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Cancedl

Display/Plot/Erase...

Geometry: Erase

LOK |

Refresh the screen as needed using the Refresh Graphics icon on
the Top Menu Bar.

EE Refresh Graphics

Also turn all label off by using Hide Label icon

12a. Graphically assess the orientation vectors that are required on the
CBAR entriesin the MSC.Nastran input file.

These vectors define the local XY plane for each bar element. Since
the element property you created was applied to the geometry model
instead of the analysis model, graphical display of respective
attributes will appear on the geometry model by default.

In order to display attributes such as the orientation vectors on our
analysis model, we must change the option in Display/L oad/BC/
Elem. Props..., since all geometry was erased from the Viewport.
Display/L oad/BC/Elem. Props...
B Show on FEM Only
Apply
Cance

12b. Change the Action in Propertiesform to Show.

[] Properties

Action: Show

Existing Properties: Definition of XY Plane
(Highlight to select)

Display Method: Vector Plot

Select Group: default_group

(Highlight to select)
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Apply

Figure 3.6 - Vector Plot and Meshing of Plates

12c. Now, display the offset vector at Node 2 of each bar element.

[] Properties
Action:

Existing Properties:

Display Method:
SHlect Group:

Apply

Show

Offset @ Node 2
(Highlight to select)

Vector Plot

default_group
(Highlight to select)
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Figure 3.7 - Nodal Offset and Meshing of Plates

13. Before defining loads & boundary conditions, modify your display
and viewing settings as follows:

Display/Plot/Erase...

Geometry: Plot
FEM: Erase
LOK |

Display/L oad/BC/Elem. Props...
[1 Show on FEM Only

Apply
Cance

Reset the display by selecting the Reset Graphicsicon on the Top
Menu Bar as needed before continuing.

,_f 1
,ﬁf}“ Reset Graphics

13a. Define displacement constraints and apply them to the geometry
model. This boundary condition represents the simply supported
corners of the stiffened plate structure.

[J Loads/BCs
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]
Action: Create
Object: Displacement
Type: Nodal
New Set Name: simply_support
| Input Data...
Trandations< T1 T2 T3> <0,0,0>
OK

Select Application Region...

Geometry Filter: [] Geometry
Select Geometry Entities: Point 1,2, 3,4
(Sdlect the four outer corner points)
Add
OK
Apply

Figure 3.8 - Nodal Constraints of Plates
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Reset the display by selecting the Reset Graphicsicon on the Top
Menu Bar.

n.f 1
ﬂ}u Reset Graphics

13b. Apply a uniform pressure load to the surface of the plate on which
the stiffeners are mounted.

[J Loads/BCs

Action: Create

Object: Pressure

Type: Element Uniform

New Set Name: pressure

Target Element Type: 2D

| Input Data...
Top Surf Pressure: 0.5
OK

Select Application Region...

Geometry Filter: [] Geometry

Select Surfaces or Edges: Surface 2, 3
(Sdect all surfaces)

Add
OK

Apply

Note that because your pressure loads are applied to the geometry
model instead of the analysismodel, it may appear asif theload was
not applied correctly.
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Figure 3.9 - Pressures and Geometry of Plates

14. Create a new group called fem_only. This group will have only
your analysis model entities as members.

Group/Create...

New Group Name:

B Make Current

fem_only

B Unpost All Other Groups
Group Contents:

Apply

Cance

Add All FEM

15. Create a load case which references the pressure and boundary
condition setsyou just defined.

[] Load Cases

Action: Create
Load Case Name: load_static
Load Case Type: Static
Assign / Prioritize Loads/BCs
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Select Individual Load/BCs: Displ_simply_support
Press pressure
(Highlight to select)

OK

Apply

16. Now you are ready to generate an input file for analysis.

Click on the Analysis radio button on the Top Menu Bar and
complete the entries as shown here.

[l Analysis

Action: Analyze
Object: Entire Model
Method: Analysis Deck
Job Name: prob3
Trandation Parameters...

Data Outpult: XDB and Print
OK

Solution Type...

Solution Type: [] Linear Static

Solution Parameters...

B Database Run

B Automatic Constraints

Data Deck Echo: Sorted
OK
OK
Subcase Select...

Subcases For Solution Sequence: load_static

Subcases Selected: Default
(Click to deselect)

OK
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Apply

An input file called prob3.bdf will be generated. This process of
trandating your model into an input file is called the Forward
Trandation. The Forward Trandlation is complete when the
Heartbesat turns green.
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Generating an Input File for MSC.Nastran Users:

17. MSC.Nastran users can generate an input file using the data
from pages 3-3 (general model description) and 3-4
(NASTRAN model element IDs). The result should be similar
to the output below (prob3.dat):

| D SEM NAR, PROB3
TI ME 10
SOL 101
CEND
TI TLE = STI FFENED PLATE
SUBCASE 1
SUBTI TLE = | oad_static
SPC =1
LOAD = 1
DI SPLACEMENT=ALL
SPCFORCES=ALL
STRESS=ALL
BEG N BULK
PARAM POST, O
PSHELL, 1,1,.1,1,,1
CQUAM, 1,1,1,2,8,7
=*1,=*1,%1,*1,*1
=3
CQUADM, 6, 1,7, 8, 14, 13
=*1,=*1,%1,*1,*1
=3
CQUADM, 11, 1, 13, 14, 26, 25
=*1,=*1,%1,*1,*1
=3
CQUAD4, 16, 1, 25, 26, 32, 31
=*1,=*1,%1,*1,*1

=3
PBAR 2 1 .38 . 2293 . 0168 . 0013
1. -.5 1. .5 -1. .5 -1. -.5

CBAR 21 2 31 32 0. 0. 1.

0. 0. 1.05 0. 0. 1.05
CBAR 22 2 32 33 0. 0. 1.

0. 0. 1.05 0. 0. 1.05
CBAR 23 2 33 34 0. 0. 1.

0. 0. 1.05 0. 0. 1.05
CBAR 24 2 34 35 0. 0. 1.

0. 0. 1.05 0. 0. 1.05
CBAR 25 2 35 36 0. 0. 1.

0. 0. 1.05 0. 0. 1.05
CBAR 26 2 13 14 0. 0. 1.

0. 0. 1.05 0. 0. 1.05
CBAR 27 2 14 15 0. 0. 1.

0. 0. 1.05 0. 0. 1.05
CBAR 28 2 15 16 0. 0. 1.

0. 0. 1.05 0. 0. 1.05
CBAR 29 2 16 17 0 0. 1

0 0 1.05 0. 0 1.05
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CBAR 30 2
CBAR 31 2
CBAR 32 2
CBAR 33 2
CBAR 34 2
CBAR 35 2

MAT1, 1, 1. 03+7,,.3,.101
&R DL 1,,0.,0.,0.

= *1,=*4, = =

=4
GRID7,,0.,2.5/0.
=, *1,=,%4, =, =

=4

CGRI D, 13,,0.,5.,0.
= *1,=*4, = =

=4

GRI D, 25,,0.,7.5,0.
=*1,=%4,==

=4

CGRI D, 31,,0.,10.,0.
= *1,=*4, = =

=4

SPC1, 1, 123, 1, 6, 31, 36
PLOADM, 1,1,-.5,,,, THRU, 20
ENDDATA

CUOROWONOROR

~

COOUIOROWONOR

[ee]

.05

.05

.05

.05

05

POoOPOPRPORORORO

.05

M SC.Nastran 101 Exercise Workbook 3-27

coocoooooo0000

CrOoRPrORPORPOROR

.05

.05

.05

.05

.05

.05



Submitting the Input File for Analysis:

18. Submit the input file to MSC.Nastran for analysis.

18a. To submit the MSC.Patran .bdf file, find an available
UNIX shell window. At the command prompt enter
nastran prob3.bdf scr=yes. Monitor the run using the
UNIX ps command.

18b. To submit the MSC.Nastran .dat file, find an available
UNIX shell window and at the command prompt enter
nastran prob3.dat scr=yes. Monitor the run using the
UNIX ps command.

19. When the run is completed, edit the prob3.f06 file and search
for the word FATAL. If no matches exist, search for the word
WARNING. Determine whether existing WARNING
messages indicate modeling errors.

19a. While still editing prob3.f06, search for the word:
DI SPL A CE (spacesare necessary).
What arethe components of the displacement vector for
GRID 16 (trandation only)?

(Please check Figure 3-5for exact location. Your 1D may
be different because of the meshing sequence)

disp X =
dispY =

dispZ=

Search for the word:
ST R E S S(spaces are necessary)
What isthe axial stress for CBAR 28?

(Please check Figure 3-5for exact location. Your 1D may
be different because of the meshing sequence)

axial stress =

Search for the word:
Q U A D (spaces are necessary)

What are the centroidal Von Mises stresses for
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CQUAD4 137
-(thk/2): stress =
+(thk/2): stress =
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Comparison of Results:

20. Comparetheresults obtained in the .f06 file with the results on
the following page:
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ce-€

S00CHOAN 35 100X TOT UBJISEN DS IN

PO NT | D.

15

16
17

ELEVENT

I D
27
28

29

-EMENT

) RIDID

DWWwWwwo

TYPE

OO

SAl
SB1

. 330274E+00
. 042516E+00
.671753E+00
.671753E+00
. 042516E+00
. 330274E+00

FI BRE
DI STANCE

-1.
1
5

DWWwWwwo

DI SPLACEMENT VECTOR

T1 T2 T3 R1 R2 R3
476435E- 06 1. 043545E-18 -6.628885E-02 -5.984796E-17 -7.129618E-07 6. 505213E-19
476435E- 06 9. 723938E-19 -6.628885E-02 -5.204170E-17 7.129618E-07 -4.987330E-18
591691E- 06 4.218224E-19 -6.629492E-02 - 3. 328501E-17 2.532921E-06 -4.580754E-18

STRESSES I' N BAR ELEMENTS ( CBAR)

SA2 SA3 SA4 AXI AL SA- MAX SA-M N MS.-T

SB2 SB3 SB4 STRESS SB- MAX SB-M N MS.-C
.330274E+00 -6.330274E+00 -6.330274E+00 1. 551750E+01 2.184777E+01 9. 187223E+00
. 042516E+00 -3.042516E+00 -3.042516E+00 1. 856001E+01 1. 247498E+01
.671753E+00 -3.671753E+00 -3.671753E+00 1. 145898E+01 1. 513073E+01 7.787226E+00
.671753E+00 -3.671753E+00 -3.671753E+00 1. 513073E+01 7.787226E+00
. 042516E+00 -3.042516E+00 -3.042516E+00 1. 551750E+01 1. 856001E+01 1. 247498E+01
.330274E+00 -6.330274E+00 -6.330274E+00 2.184777E+01 9. 187223E+00
STRESSES I N QUADRI LATERAL ELEMENTS ( QUADA4)

STRESSES | N ELEMENT COORD SYSTEM

NORVAL - X

NORMAL- Y

SHEAR- XY

PRI NCI PAL STRESSES (ZERO SHEAR)

ANGLE MAJOR M NOR VON M SE

14 -5. 000000E-02 1.097013E+03 3.316525E+03 8.524920E+00 89.7799 3.316558E+03 1.096981E+03 2. 926555E+03

5. 000000E- 02 - 1. 074849E+03 - 3. 308467E+03 - 7. 427087E+00

-0.1905 -1.074825E+03 - 3. 308491E+03 2. 923237E+03

15 -5. 000000E- 02 8.796146E+02 3. 255502E+03 9.030478E+00 89.7822 3.255536E+03 8. 795803E+02 2.916963E+03

5. 000000E-02 -8. 643490E+02 - 3. 282210E+03
16 -5. 000000E-02 2. 718993E+02
5. 000000E- 02 - 3. 403154E+02

1. 225410E+01
1. 374746E+03 -3. 101020E+01 - 88. 3906

-1.388169E+03 1. 136059E+01

0. 6211 - 3. 401922E+02

0. 2904 -8.642869E+02 -3.282272E+03 2. 946774E+03

1.375617E+03 2. 710280E+02 1.262120E+03
-1.388293E+03 1. 253316E+03
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21. MSC.Nastran Users have finished this exercise.
M SC.Patran Users should proceed to the next step.

22. Proceed with the Reverse Trandation process, that is, attaching the
prob3.xdb results file into MSC.Patran. To do this, return to the
Analysisform and proceed as follows:

(] Analysis

Action: Attach XDB
Object: Result Entities
Method: L ocal

Select ResultsFile...

Available Files: prob3.xdb

OK

Apply

23. When the trandation is complete and the Heartbeat turns green,
bring up the Results form.

23a. Select Fringeto view different results with color spectrum analysis.

UJ Results
Action: Create
Object: Fringe

To select results, click on the Select Resultsicon.

% Select Results

Select Result Case(s): load_static, Static Subcase
SHlect Fringe Result: Displacements, Translational
Quantity: Z Component
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To change the Display Attributes, click on the Display Attributes
icon.

@ Display Attributes

Syle: Continuous

Syle:
Apply

23b. Select Defor mation to view physical changes of the model.

[J Results
Action: Create
Object: Deformation

To select results, click on the Select Resultsicon.

[—.
[—

g Select Results

Select Result Case(s): load_static, Static Subcase

Select Deformation Resullt: Displacements, Trandlational

To change the Display Attributes, click on the Display Attributes
icon.

@ Display Attributes

[1 Show Undefor med
Apply

If you wish to reset your display graphicsto the state it was in before
you began post-processing your model, remember to select the Reset

Graphicsicon.
n.f i
'! Reset Graphics

To view different results, after Reset Graphics repeat step 23 and
change Result Case(s), Fringe Result, and Deformation Result.
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Quit M SC.Patran when you have completed this exercise.
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