
Linear Static Analysis of a 
Simply-Supported Truss

MSC.Nastran 101 Exercise Workbook 2-1

          WORKSHOP 2

 Objectives:

■ Define a set of material properties using the beam 
library.

■ Perform a static analysis of a truss under 3 separate 
loading conditions.

■ Review results.
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Model Description:
Below is a finite element representation of the truss structure shown on
page 2-1. The nodal coordinates provided are defined in the Global
Cartesian Coordinate System (MSC.Nastran Basic system).

The roof frame shown in the attached figure consists of eleven wood and
steel members.  The wood members, have uniform cross section
properties and act only as tension and compression members (See page
2-5 for location).  The steel members, are bars that are capable of
withstanding tension, compression, shear, and loads in the plane of the
frame (See page 2-5 for location).  The section properties for the steel
members are supplied as problem data.  All the steel members are
welded end to end, however, the wood members are pinned end to end.
The frame is supported by pinned connections in the horizontal and
vertical directions at Grid Point 1 and in the vertical direction at Grid
Point 7.  In addition, all Grid Points have fixed out of plane translations
and have constrained out of plane rotations.

HINT:  DOF 345 for grid 1 through 7 can be constrained by using the
permanent single point constraint option in the GRID entry.

Figure 2.1 - Grid Coordinates and Element Connectivities

    1

        2

      3

        4

     5

       6

      7

1

2 3

45

6 7

8

9 10 11

X

Y

Z

[0,0,0]

[144,72,0]

[288,144,0]

[192,0,0] [384,0,0]

[432,72,0]

[576,0,0]



2-4 MSC.Nastran 101 Exercise Workbook 

Figure 2.2 - Loads and Boundary Conditions

■ Subcase One will be only the gravity load due to the weight of
both the wood and steel members.

■ Subcase Two will be the snow drift load and the concentrated
load.  The snow drift load is in the vertical direction and is
given as a varying running load.  The load increases linearly
with distance along the beam, from 0 at Grid Point 4 to 100
lbs/in. at Grid Point 1.

■ Subcase Three will be the temperature load which is
calculated as the temperature averages and applied at the
joints.  The joint temperatures are supplied as problem data.
The stress-free reference temperature is 72.0 degrees F.
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Table 2.1 - Description of Element Properties     

Table 2.2 - Material Properties         

Material Element Type and 
Cross-Section

Top members, elements 1, 2, 
3, and 4

Steel Beam, Cross Section B

Bottom members 9, 10 and 11 Steel Beam, Cross Section A

Interior members 5, 6, 7, 8 Southern 
Pine

Rod, Area = 5.2 in2

Material Steel Southern Pine

Elastic Modulus: 2.90E+07 psi 1.76E+06 psi

Poisson Ratio: 0.32

Mass Density: 7.349E-04 lbm/in3 5.435E-05 lbm/in3

Coefficient of Thermal 
Expansion:

6.78E-06 in/deg. F 3.00E-06 in/deg. F

Reference Temperature: 72 deg. F 72 deg. F

Allowable Tension Stress: 24000 psi 1900 psi

Allowable Compression Stress: 24000 psi 1900 psi

Allowable Shear Stress: 24000 psi

Gravitational Acceleration: 386.4 in/sec2 386.4 in/sec2
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Table 2.3 - Beam Dimensions        

Table 2.4 - Temperature Distribution          

Cross Section A Cross Section B

H 8.0 in. 6.0 in.

W1 3.0 in. 3.0 in.

W2 3.0 in. 3.0 in.

t 0.5 in. 0.5 in.

t1 0.5 in. 0.5 in.

t2 0.5 in. 0.5 in.

Joint Values

1 45 deg. F.

2 32 deg. F.

3 60 deg. F.

4 66 deg. F.

5 60 deg. F.

6 100 deg. F.

7 80 deg. F.
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Suggested Exercise Steps:

■ Generate a finite element representation of the truss structure 
using (GRID), (CROD), and (CBAR) elements.
(HINT:  Remember to use permanent constraints for DOF
345.)

■ Define material (MAT1) and element (PROD) and (PBARL) 
properties.

■ Apply simply-supported boundary constraints (SPC1), 
inertial loads (GRAV), a temperature load (TEMP), and a 
distributed load (PLOAD1).

■ Use the load and boundary condition sets to define  the load 
cases (SUBCASE).

■ Prepare the model for a linear static analysis (SOL 101).

■ Submit it for a linear static analysis.

■ Review results.
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ID SEMINAR,PROB2
__________________________________________
__________________________________________
__________________________________________
__________________________________________
__________________________________________
__________________________________________
__________________________________________
__________________________________________
__________________________________________
__________________________________________
__________________________________________
CEND
_____________________________________________________
_____________________________________________________
_____________________________________________________
_____________________________________________________
_____________________________________________________
_____________________________________________________
_____________________________________________________
_____________________________________________________
_____________________________________________________
_____________________________________________________
_____________________________________________________
_____________________________________________________
_____________________________________________________
_____________________________________________________
_____________________________________________________
_____________________________________________________
_____________________________________________________
_____________________________________________________
_____________________________________________________
_____________________________________________________
_____________________________________________________
_____________________________________________________
_____________________________________________________
_____________________________________________________
_____________________________________________________
_____________________________________________________
_____________________________________________________
_____________________________________________________
BEGIN BULK
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1 2 3 4 5 6 7 8 9 10
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1 2 3 4 5 6 7 8 9 10

ENDDATA
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Exercise Procedure:
1. Users who are not utilizing MSC.Patarn for generat-

ing an input file should proceed to Step 17, otherwise,
continue with Step 2.

2. Create a new database called prob2.db.

In the New Model Preferences form set the following:

Select a preset view by selecting the Front View icon on the toolbar. 

Activate the entity labels by selecting the Show Labels icon on the
toolbar.

Whenever possible click  ❑ Auto Execute (turn off).

3. Create the nodes by manually defining their respective coordinates:

File/New...

New Database Name: prob2

OK

Tolerance: ◆ Default

Analysis Code: MSC/NASTRAN

Analysis Type: Structural

OK

◆ Finite Elements

Action:      Create

Object:      Node

Method:      Edit 

❑ Associate with Geometry

Front View

Show Labels
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Repeat the previous operation to create the remaining nodes. Refer to
the figure on page 2-3 for the nodal coordinates.                     

Next, manually define the truss segment connectivities with BAR2
elements using our newly created nodes. Again, refer to page 2-3 for
connectivity information.

Node Location List: [0, 0, 0]

Apply

Node Location List: [144, 72, 0]

Apply

Node Location List: [192, 0, 0]

Apply

Node Location List: [288, 144, 0]

Apply

Node Location List: [384, 0, 0]

Apply

Node Location List: [432, 72, 0]

Apply

Node Location List: [576, 0, 0]

Apply

◆ Finite Elements

Action:      Create

Object:      Element

Method:      Edit

Shape: Bar
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Repeat the previous operation until all the truss segments have been
created.

Topology: Bar2

Node 1 = Node 1

Node 2 = Node 2

Apply

Node 1 = Node 2

Node 2 = Node 4

Apply

Node 1 = Node 4

Node 2 = Node 6

Apply

Node 1 = Node 6

Node 2 = Node 7

Apply

Node 1 = Node 2

Node 2 = Node 3

Apply

Node 1 = Node 3

Node 2 = Node 4

Apply

Node 1 = Node 4

Node 2 = Node 5

Apply
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Figure 2.3 - Nodal and Element Locations

4. Next, define a material using the specified modulus of elasticity and
allowable stresses.
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5. Define another material for the model, steel.

Action:      Create

Object:      Isotropic

Method:      Manual Input

Material Name: southern_pine

Input Properties...

Constitutive Model:      Linear Elastic

Elastic Modulus = 1.76E6

Density = 5.435E-5

Thermal Expan. Coeff = 3.00E-6

Reference Temperature = 72.0

OK

Apply

Input Properties...

Constitutive Model:      Failure

Tension Stress Limit = ???         
 (Enter material limit)

Compression Stress Limit = ???    
 (Enter material limit)

OK

Apply

◆ Materials

Action:      Create

Object:      Isotropic

Method:      Manual Input

Material Name: steel

Input Properties...
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6. Next, reference the material that was created in the previous step. Define
the properties of the truss segments using the specified cross-sectional
data.  

Constitutive Model:     Linear Elastic

Elastic Modulus = 2.90E7

Poisson Ratio = 0.32

Density = 7.349E-4

Thermal Expan. Coeff = 6.78E-6

Reference Temperature = 72.0

OK

Apply

Input Properties...

Constitutive Model:      Failure

Tension Stress Limit = ???         
 (Enter material limit)

Compression Stress Limit = ???    
 (Enter material limit)

Shear Stress Limit = ???    
 (Enter material limit)

Apply

◆ Properties

Action:      Create

Dimension:      1D

Type:      Rod

Property Set Name: rod

Input Properties...

Material Name: m:southern_pine

Area: ???      
(Enter cross-sectional area)
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If you wish to use the mouse, click on the Select Members input box and
click on the following icon from the Select Menu.

7. Enter the properties for the steel members using bar elements with the
beam library. 

Click the beam library icon:

OK

Select Members: Elm 5:8

Add

Apply

◆ Properties

Action:      Create

Dimension:      1D

Type:      Beam

Property Set Name: steel_member_a

Input Properties...

Material Name m:steel

Bar Orientation <0, 1, 0>

Action:      Create

Object:      Standard Shape

New Section Name: section_a

H 8

W1 3

Beam Element
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8. Repeat the procedure for the remaining sections of the truss. 

Click the beam library icon:

W2 3

t 0.5

t1 0.5

t2 0.5

Calculate/Display

Close

OK

OK

Select Members: Elm 9:11

Add

Apply

◆ Properties

Action:      Create

Dimension:      1D

Type:      Beam

Property Set Name: steel_member_b

Input Properties...

Material Name m:steel

Bar Orientation <0, 1, 0>

Action:      Create

Object:      Standard Shape
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9. Shrink the elements by 10% for clarity; this allows us to easily assess the
element connectivities. Use the Display/Finite Elements... option.

10. Create three nodal constraints and apply them to the analysis model.
These boundary conditions represent the pinned support, the roller sup-
port, and the out of plane translation/rotations. 

10a. The left-hand support is defined as follows:

New Section Name: section_b

H 6

W1 3

W2 3

t 0.5

t1 0.5

t2 0.5

Calculate/Display

Close

OK

OK

Select Members: Elm 1:4

Add

Apply

Display/Finite Elements...

FEM Shrink: 0.10

Apply

Cancel

◆ Loads/BCs

Action:      Create

Object:      Displacement
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10b. The right-hand support is located at the opposite end of the truss.

Type:      Nodal

New Set Name: pin

Input Data...

Translations < T1 T2 T3 > <0, 0,  >

OK

Select Application Region...

Geometry Filter: ◆ FEM

Select Nodes: Node 1

Add

OK

Apply

◆ Loads/BCs

Action:      Create

Object:      Displacement

Type:      Nodal

New Set Name: roller

Input Data...

Translations < T1 T2 T3 > <  , 0,  >

OK

Select Application Region...

Geometry Filter: ◆ FEM

Select Nodes: Node 7

Add

OK

Apply
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10c. The out of plane translations and out of plane rotations can be
constrained as follows:

Figure 2.4 - Displacement Constraints

◆ Loads/BCs

Action:      Create

Object:      Displacement

Type:      Nodal

New Set Name: out_of_plane

Input Data...

Translations < T1 T2 T3 > <  ,   ,0>

Rotations < R1 R2 R3 > <0, 0,  >

OK

Select Application Region...

Geometry Filter: ◆ FEM

Select Nodes: Node 1:7

Add

OK

Apply
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Reset the display by selecting the Reset Graphics icon on the Top
Menu Bar.

11. Create the gravity load.

Since the gravity load acts uniformly on the body, the application region
is automatically set as the entire model.

12. Next, define the temperature load using fields.                                                 

◆ Loads/BCs

Action:      Create

Object:      Inertial Load

Type:      Element Uniform

New Set Name: gravity_load

Input Data...

Load/BC Set Scale Factor: 386.4

Trans Accel < A1 A2 A3 > <0, -1, 0>

OK

Apply

◆ Fields

Action:      Create

Object:      Spatial

Method:      FEM

Field Name: temp_profile

Input Data...

Reset Graphics
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Enter the data into the table as shown below.

Deactivate the entity labels by selecting the Hide Labels icon on the
toolbar.

Entity Values

1 Node 1 45

2 Node 2 32

3 Node 3 60

4 Node 4 66

5 Node 5 60

6 Node 6 100

7 Node 7 80

OK

Apply

◆ Loads/BCs

Action:      Create

Object:      Temperature

Type:      Nodal

New Set Name: temperature_load

Input Data...

Spatial Fields: temp_profile
(Click on this to select.)

OK

Select Application Region...

Geometry Filter: ◆ FEM

Select Nodes: Node 1:7

Add

Hide Labels
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The model on your screen should now look similar to the following:

Figure 2.5 - Temperature Loads

Reset the display by selecting the Reset Graphics icon on the Top
Menu Bar.

13. Create a load case that references the inertial load and the boundary con-
ditions that have already been defined.

OK

Apply

◆ Load Cases

Action:      Create

Load Case Name: gravity_load

Load Case Type: Static

Assign/Prioritize Loads/BCs 
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NOTE:  Make sure that the LBC Scale Factor column shows the
proper value for each entry (= 1.0). 

14. Create a second load case that references the temperature load, and the
boundary conditions that have already been defined..

NOTE: Make sure that the LBC Scale Factor column shows the proper
value for each entry (= 1.0).

15. 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.          

Select Individual Load/BCs:
(Select from menu)

Displ_out_of_plane
Displ_pin
Displ_roller
Inert_gravity_load

OK 

Apply 

◆ Load Cases

Action:      Create

Load Case Name: temperature_load

Load Case Type: Static

Assign/Prioritize Loads/BCs 

Remove All Rows 

Select Individual Load/BCs:
(Select from menu)

Displ_out_of_plane
Displ_pin
Displ_roller
Tempe_temperature_load

OK

Apply  

◆ Analysis

Action:      Analyze
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Object:      Entire Model

Method:      Analysis Deck

Job Name: prob2

Translation Parameters...

Data Output: XDB and Print

OK

Solution Type...

Solution Type: ◆ Linear Static

Solution Parameters...

■ Database Run

■ Automatic Constraints

Data Deck Echo: Sorted

OK

OK

Subcase Create...

Available Subcase: gravity_load
(Click on these to select)

Output Requests...

Select Result Type: Element Forces

OK

Apply

Available Subcase: temperature_load
(Click on these to select)

Output Requests...

Select Result Type: Element Forces

OK

Apply

Cancel

Subcase Select...
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An MSC.Nastran input file called prob2.bdf will be generated. This
process of translating your model into an input file is called the Forward
Translation. The Forward Translation is complete when the Heartbeat
turns green.

16. Modify prob2.bdf to include a third subcase for the snow-drift load.

Open the file prob2.bdf with a text editor.  The text below defines a
third subcase.  Enter this text on the line before BEGIN BULK.

SUBCASE 3
$ Subcase name : snow_&_concentrated_load   
   SUBTITLE=snow_&_concentrated_load
   spc = 2
   load = 5
   disp = all
   spcforce = all
   force = all
   stress=all

This text describes the snow drift load for the third subcase, enter this
text on the line before  ENDDATA, which is at the very end of the file.

PLOAD1,5,1,FY,FRPR,0.0,-100.,1.0,-50.
PLOAD1,5,2,FY,FRPR,0.0,-50.,1.0,0.0
PLOAD1,5,10,FY,LE,36.,-2000.

Subcases For Solution Sequence: gravity_load
temperature_load
(Click on these to select)

Subcases Selected:
Default         
(Click on this to deselect)

OK

Apply 
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Generating an Input File for MSC.Nastran Users:
MSC.Nastran users can generate an input file using the data from the
Model Description section at the beginning of the exercise.  The result
should be similar to the output below.

17. MSC.Nastran Input File:  prob2.dat

ID SEMINAR,PROB2
TIME 5
SOL 101
CEND
TITLE = GARAGE ROOF FRAME
SUBTITLE = WOOD AND STEEL MEMBERS
   SPC = 20
   DISP = ALL
   FORCE = ALL
   STRESS = ALL
   SPCFORCE = ALL
SUBCASE 1
   LABEL = GRAVITY LOAD
   LOAD = 1
SUBCASE 2
   LABEL = TEMPERATURE LOAD
   TEMP(LOAD) = 2
SUBCASE 3 
   LABEL = SNOW AND CONCENTRATED LOAD
   LOAD = 3 
BEGIN BULK
PARAM,POST, 0
GRID,1,,0.0,0.0,0.0,,345
GRID,2,,144.0,72.0,0.0,,345
GRID,3,,192.0,0.0,0.0,,345
GRID,4,,288.0,144.0,0.0,,345
GRID,5,,384.0,0.0,0.0,,345
GRID,6,,432.0,72.0,0.0,,345
GRID,7,,576.0,0.0,0.0,,345
CBAR,1,200,1,2,0.,1.,0.
CBAR,2,200,2,4,0.,1.,0.
CBAR,3,200,4,6,0.,1.,0.
CBAR,4,200,6,7,0.,1.,0.
CBAR,9,300,1,3,0.,1.,0.
CBAR,10,300,3,5,0.,1.,0.
CBAR,11,300,5,7,0.,1.,0.
CROD,5,100,2,3
CROD,6,100,3,4
CROD,7,100,4,5
CROD,8,100,5,6
PROD,100,10,5.2
PBARL    200     20              I            
         6.      3.      3.      .5      .5      .5
PBARL    300     20              I  
         8.      3.      3.      .5      .5      .5
MAT1,10,1.76+6,,,5.435-5,3.0-6,72.
 ,1900.,1900.
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MAT1,20,2.9+7,,.32,7.349-4,6.78-6,72.
 ,24000.,24000.,24000.
GRAV,1,,386.4,0.0,-1.0,0.0
PLOAD1,3,1,FY,FRPR,0.0,-100.,1.0,-50.
PLOAD1,3,2,FY,FRPR,0.0,-50.,1.0,0.0
PLOAD1,3,10,FY,LE,36.,-2000.
TEMP,2,1,45.
TEMP,2,2,32.
TEMP,2,3,60.
TEMP,2,4,66.
TEMP,2,5,60.
TEMP,2,6,100.
TEMP,2,7,80.
SPC,20,1,12,0.0
SPC,20,7,2,0.0
ENDDATA
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Submitting the Input File for Analysis:
18. Submit the input file to MSC.Nastran for analysis.

18a. To submit the MSC.Patran .bdf file for analysis, find an
available UNIX shell window.  At the command prompt enter:
nastran prob2.bdf scr=yes. Monitor the run using the UNIX ps
command.

18b. To submit the MSC.Nastran .dat file for analysis, find an
available UNIX shell window.  At the command prompt enter:
nastran prob2.dat scr=yes. Monitor the run using the UNIX ps
command.

19. When the run is completed, edit the prob2.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 prob2.f06, search for the word:

D I S P L A C E  (spaces are necessary).

What are the components of the displacement vector for GRID 3 and 5
(translation only)?

Search for the word:

S I N G L E (spaces are necessary).

Gravity Load Case Temperature Load Case Snow Drift Load Case

Grid 3 Grid 3 Grid 3

Disp. X = Disp. X = Disp. X =

Disp. Y = Disp. Y = Disp. Y =

Disp. Z = Disp. Z = Disp. Z =

Grid 5 Grid 5 Grid 5

Disp. X = Disp. X = Disp. X =

Disp. Y = Disp. Y = Disp. Y =

Disp. Z = Disp. Z = Disp. Z =
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What are the components of the reaction force at GRID 1 and GRID 7?

Search for the word:

F O R C E   D I S T   (spaces are necessary).

What is the axial force in the BAR elements (CBAR)  for each element
case?     

What is the axial force in CROD elements 7 and 8?

Gravity Load Case Temperature Load Case Snow Drift Load Case

GRID 1 GRID 1 GRID 1

T1 = T1 = T1 =

T2 = T2 = T2 =

T3 = T3 = T3 =

GRID 7 GRID 7 GRID 7

T1 = T1 = T1 =

T2 = T2 = T2 =

T3 = T3 = T3 =

Gravity Load Case Temperature Load Case Snow Drift Load Case

Element 4 Element 4 Element 4

PCT 1.000 PCT 1.000 PCT 1.000

PCT 0.000 PCT 0.000 PCT 0.000

Element 11 Element 11 Element 11

PCT 1.000 PCT 1.000 PCT 1.000

PCT 0.000 PCT 0.000 PCT 0.000

Gravity Load Case Temperature Load Case Snow Drift Load Case

Element 7 Element 7 Element 7
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Search for the word:

S T R E S S (spaces are necessary).

What is the margin of safety for elements 6 and 11?

What is the Axial Stress  for all elements 6 and 11?

Element 8 Element 8 Element 8

Gravity Load Case Temperature Load Case Snow Drift Load Case

Element 6

PCT 1.000

Element 6

PCT 1.000

Element 6

PCT 1.000

PCT 0.000 PCT 0.000 PCT 0.000

Element 11 Element 11 Element 11

PCT 1.000 PCT 1.000 PCT 1.000

PCT 0.000 PCT 0.000 PCT 0.000

Gravity Load Case Temperature Load Case Snow Drift Load Case

Element 6

PCT 1.000

Element 6

PCT 1.000

Element 6

PCT 1.000

PCT 0.000 PCT 0.000 PCT 0.000

Element 11 Element 11 Element 11

PCT 1.000 PCT 1.000 PCT 1.000

PCT 0.000 PCT 0.000 PCT 0.000
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Comparison of Results:

20. Compare the results obtained in the .f06 file with the results on the 
next page.
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21. MSC.Nastran Users have finished this exercise.  MSC.Pat-
ran Users should proceed to the next step.

22. Proceed with the Reverse Translation process, that is, attaching the
prob2.xdb results file into MSC.Patran. To do this, return to the Anal-
ysis form and proceed as follows:

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

To change the target entities of the plot, click on the Target Entities
icon.

◆ Analysis

Action: Attach XDB

Object: Result Entities

Method: Local

Select Results File...

Filter

Available Files: prob2.xdb

OK 

Apply 

◆ Results

Action:      Create

Object:      Fringe

Select Results Case(s): temperature_load, Static Subcase

Select Fringe Result: Displacements, Translational

Quantity: Magnitude

Target Entity: Materials

Select Materials: southern_pine

Target Entities
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To change the display attributes of the plot, click on the Display
Attributes icon.       

To change the plot options, click on the Plot Options icon.       

24. Next, add the deformation options to the plot.

To change the properties of the plot, click on the Display Attributes
icon.   

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

Style: Discrete/Smooth

Coordinate Transformation: None

Apply 

◆ Results

Action:      Create

Object:      Deformation

Select Results Case(s): temperature_load, Static Subcase

Select Deformation Result: Displacements, Translational

■ Show Undeformed

Line Style:

Apply

Display Attributes

Plot Options

Display Attributes

Reset Graphics
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You can go back and select any Results Case, Fringe Results or
Deformation Results you are interested in.

Quit MSC.Patran when you have completed this exercise.


