APPENDIX D

R
Linear Static Analysis of a
Simply-Supported Stiffened
Plate (SI)

Objectives:

m  Create aMSC.Nastran analysis model comprised of
CQUAD4 & CBAR eements.

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

m  Visuaize analysisresults.
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APPENDIX D

Model Description:

Below is afinite element representation of the stiffened plate shown
on page D-1. The plateis 2.54 mm thick; therefore thin-shell theory
applies. 1-beam stiffeners are mounted as shown. The structure has
pin supports onitsfour corners and auniform pressure of 3447 Pais
applied to the surface of the plate (See Figure D.3). Table 2.1
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.

FigureD.1 - Model Schematics
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Table D.1 - Model Properties - Aluminum

Elastic Modulus: 71.0 GPa
Poisson Ratio 0.30
Density: 2796 kg/m3
Plate Thickness: 2.54 mm
Bar Cross-Sectional Area: | 245.2 mm?
| s 95,442 mm?*
b 6,993 mm*
J: 541 mm?*
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Suggested Exercise Steps:

D-4

Create awire frameto use when mesh the plate and the
stiffeners.

Generate afinite element representation of the
stiffened plate using nodes (GRID), element
connectivities, (CBAR) and CQUAD4 element. Size
mesh to match Figure D.2. Actual node numbers and
element numbers may vary

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

Verify XY-orientation and offset vectors for the bar
elements when defining PBAR properties.

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

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

Generate and submit input file for M SC.Nastran.

Review the results.
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Stiffened Plate

Figure D.2 - Grid Coordinates and Element Connectivities
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Figure D.3 - Loads and Boundary Conditions
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Generating an Input File for MSC.Nastran Users:

1. MSC.Nastran users can generate an input file using the data
from pages D-3 (genera model description) and D-5
(NASTRAN model element IDs). The result should be similar
to the output below (ex02plate.dat):

I D EXERCI SE, CATI AFEM
SOL 101

$. . CASE CONTROL DECK

TITLE = EXERCI SE 2 SI MPLY SUPPORTED STI FFENED PLATE
DI SPL = ALL
ELSTRESS= ALL
MPC = 1
$..
SUBCASE = 1
$ CATI A RESTRAI NT SET NAME :
$ PIN JO NTS
SPC = 1
$ CATI A LOAD SET NAME :
$ PRESSURE LOAD
LOAD = 1

S

$. BULK DATA CARDS
$. .

BEG N BULK

PARAM  POST 1

PARAM  AUTOSPC YES

$.

e - mmm e e e
$..

$.. RESTRAI NTS

$..

$ NASTRAN ID = 1 / RESTRAINT SET NAME :

$ PIN JONTS

SPCL 1 123 5 9 14 18
$.

e mmm il
$..

$.. LOADS

$..

$ NASTRAN I D = 1/ LOAD SET NAME :

$ PRESSURE LOAD

PLOAD4 1 1 -. 003447

PLOAD4 1 2 -. 003447

PLOAD4 1 3 -. 003447

PLOAD4 1 4 -. 003447

PLOAD4 1 5 -. 003447

PLOAD4 1 6 -. 003447

PLOAD4 1 7 -. 003447

PLOAD4 1 8 -. 003447

PLOAD4 1 9 -. 003447

PLOAD4 1 10 -. 003447

PLOAD4 1 11 -. 003447

PLOAD4 1 12 -. 003447

PLOAD4 1 13 -. 003447

PLOAD4 1 14 -. 003447

PLOAD4 1 15 -. 003447

PLOADA 1 16 -. 003447

PLOAD4 1 17 -. 003447

PLOAD4 1 18 -. 003447

PLOADA 1 19 -.003447

PLOAD4 1 20 -. 003447

$..

e mmm il
$..

$.. MATERI ALS
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APPENDIX D

$..
$ MATERI AL NAME : ALUM NUM

MATL 1 71000. .3 .2796-8
$. .

B m & m o fmm e f e e el
$..

$.. NODES

$. .

GRD 1 406.4 0. 0.

GRID 2 304.8 0. 0.

GRID 3 203.2 0. 0.

GRID 4 101.6 0. 0.

GRID 5 0 0. 0.

GRID 6 0 63.5 0.

GRID 7 0 127. 0.

GRID 8 0 190.5 0.

GRID 9 0. 254, 0.

GRD 10 101.6  254. 0.

GRID 11 203.2 254 0.

GRD 12 304.8 254 0.

GRD 13 406.4  254. 0.

GRID 14 508 254 0.

GRID 15 508 190.5 0.

GRID 16 508 127 0.

GRID 17 508 63.5 0.

GRD 18 508. 0. 0.

GRID 19 101.6 63.5 0.

GRID 20 203.2 63.5 0.

GRD 21 304.8 63.5 0.

GRD 22 406.4 63.5 0.

GRID 23 101.6  127. 0.

GRID 24 203.2 127 0.

GRD 25 304.8 127 0.

GRID 26 406.4  127. 0.

GRID 27 101.6 190.5 0.

GRD 28 203.2 190.5 0.

GRID 29 304.8 190.5 0.

GRID 30 406.4 190.5 0.

$..

e & mfm e d e f e lll__.
$..

$.. ELEMENTS

$. .

CQUAD4 1 1 5 6 19 4

CQUAD4 2 1 6 7 23 19

CQUAD4 3 1 7 8 27 23

CQUAD4 4 1 8 9 10 27

CQUAD4 5 1 4 19 20 3

CQUAD4 6 1 19 23 24 20

CQUAD4 7 1 23 27 28 24

CQUAD4 8 1 27 10 11 28

CQUAD4 9 1 3 20 21 2

CQUAD4 10 1 20 24 25 21

CQUAD4 11 1 24 28 29 25

CQUAD4 12 1 28 11 12 29

CQUAD4 13 1 2 21 22 1

CQUAD4 14 1 21 25 26 22

CQUAD4 15 1 25 29 30 26

CQUAD4 16 1 29 12 13 30

CQUAD4 17 1 1 22 17 18

CQUAD4 18 1 22 26 16 17

CQUAD4 19 1 26 30 15 16

CQUAD4 20 1 30 13 14 15

CBAR 21 2 9 10 0. 0 1. 1
+ 1 0. 0. 26.67 0. 0. 26. 67

CBAR 22 2 10 11 0. 0. 1. 2
+ 2 0. 0. 26.67 0. 0. 26. 67

CBAR 23 2 11 12 0. 0. 1. 3
+ 3 0. 0. 26.67 0. 0. 26. 67

CBAR 24 2 12 13 0. 0. 1. 4
+ 4 0. 0. 26.67 0. 0. 26. 67

CBAR 25 2 13 14 0. 0. 1. 5
+ 5 0. 0. 26.67 0. 0. 26. 67

CBAR 26 2 18 1 0. 0. 1. 6
+ 6 0. 0. 26.67 0. 0. 26. 67
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CBAR 27
+ 7
CBAR 28
+ 8
CBAR 29
+ 9
CBAR 30
+ 10
CBAR 31
+ 11
CBAR 32
+ 12
CBAR 33
+ 13
CBAR 34
+ 14
CBAR 35
+ 15
$..

$. .

$..

$..

PSHELL 1
PBAR 2
+ 1625. 4
$. .
ENDDATA

2 1 2 0. 0
0. 0. 26.67 0
2 2 3 0. 0
0. 0. 26.67 0
2 3 4 0. 0
0. 0. 26. 67 0
2 4 5 0. 0
0. 0. 26.67 0
2 16 26 0. 0
0. 0. 26.67 0
2 26 25 0. 0
0. 0. 26. 67 0
2 25 24 0. 0
0. 0. 26.67 0
2 24 23 0. 0
0. 0. 26.67 0
2 23 7 0. 0
0. 0. 26. 67 0
PROPERTI ES
1 2.54 1 1. 1
1 245.2 95442. 6993. 541.
-12.7 25.4 12.7 -25.4 -12.7
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Stiffened Plate

APPENDIX D

I
Submitting the Input File for Analysis:

2. When the run is completed, edit the exO2plate.f06 file and
search for theword FATAL. If no matches exist, search for the
word WARNING. Determine whether existing WARNING
messages indicate modeling errors.

2a. Whilestill editing exO2plate.f06, search for the word:
DI SPL A C E (spaces are necessary).

What arethe components of the displacement vector for
GRID 25 (trandation only)?

disp X =
dispY =

dispZ=

Search for the word:
ST R E SS(spacesare necessary)
What isthe axial stressfor CBAR 33?

axial stress=

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

What are the centroidal Von Mises stresses for

CQUADA4 11?
-(thk/2): stress =
+(thk/2): stress =
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Comparison of Results:

3. Comparetheresults obtained in the .fO6 file with the results on
the following page.
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