Abaqus Beam Tutorial

Problem Description

x5

The two dimensional bridge structure, which consists of steel T-sections, is simply supported at its lower corners. A
uniform distributed load of 1000 N/m is applied to the lower horizontal members in the vertical downward direction.
Determine the stresses and the vertical displacements.



Analysis Steps
1. Start Abaqus and choose to create a new model database
2. Inthe model tree double click on the “Parts” node (or right click on “parts” and select Create)
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3. Inthe Create Part dialog box (shown above) name the part and
a. Select “2D Planar”
b. Select “Deformable”
c. Select “Wire”
d. Setapproximate size = 20
e. Click “Continue...”
4. Create the geometry shown below (not discussed here)




Double click on the “Materials” node in the model tree
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Name the new material and give it a description
Click on the “Mechanical” tab=»Elasticity=»Elastic

c. Define Young’s Modulus and Poisson’s Ratio (use Sl units)

i. WARNING: There are no predefined system of units within Abaqus, so the user is responsible
for ensuring that the correct values are specified
d. Click “OK”
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6. Double click on the “Profiles” node in the model tree

a. Name the profile and select “T” for the shape

i. Note that the “T” shape is one of several predefined cross-sections
b. Click “Continue...”
c. Enter the values for the profile shown below
d. Click “OK”

Model I Results I

|@ Model Database

HeEm g

B E3 Models (1)
=l Modek 1
EI % Parts (1)
E| [U@ Iaterials {1}
el
’ﬂ} Sections

ﬁ Assel
ol Step

[profis]

- wE'ff Figltmuker sk Requesks .

Il create Profile x|
Mame: IT—Section

— Shape

Bax

Fipe
Circular
Rectangular
Hexagonal
Trapezoidal
I
L

Arbitrary

Generalized

Conkinue. . I

Cancel |

Il Edit Profile

Mame: T-Seckion

Shape: T

0,125

= T
““ ==
I | R
o o o
x

tf: |0.0
b | 0,05

Cancel |

7. Double click on the ”Sect|ons node in the model tree

a. Name the section “BeamProperties” and select “Beam” for both the category and the type
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Click “Continue...”
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Leave the section integration set to “During Analysis”
Select the profile created above (T-Section)
Select the material created above (Steel)

Click “OK”
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8.

9.

Expand the “Parts” node in the model tree, expand the node of the part just created, and double click on

“Section Assignments”

a. Select the entire geometry in the viewport and press Enter

b. Select the section created above (BeamProperties)

c. Click “OK”
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Expand the “Assembly” node in the model tree and then double click on “Instances”

a. Select “Depen
b. Click “OK”

dent” for the instance type
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10. Double click on the “Steps” node in the model tree

a. Name the step, set the procedure to “General”, and select “Static, General”

b. Click “Continue...”
c. Give the step a description
d. Click “OK”
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11. Expand the Field Output Requests node in the model tree, and then double click on F-Output-1 (F- Output 1 was

automatically generated when creating the step)

a. Uncheck the variables “Strains” and “Contact”

b. Click “OK”
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12. Expand the History Output Requests node in the model tree, and then right click on H-Output-1 (H-Output-1 was

automatically generated when creating the step) and select Delete

13. Double click on the “BCs” node in the model tree
a. Name the boundary conditioned “Pinned” and select “Displacement/Rotation” for the type

Click “Continue...”
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Click “OK”
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Select the lower-left vertex of the geometry and press “Done” in the prompt area
Check the U1 and U2 displacements and set them to 0
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f. Repeat for the lower-right vertex, but model a roller restraint (only U2 fixed) instead




14. Double click on the “Loads” node in the model tree

a. Name the load “Distributed load” and select “Line load” as the type

Click “Continue...”

oo o

Specify component 2 =-1000

Select the lower horizontal edges of the geometry press “Done” in the prompt area

i. Note that because we have been using standard Sl units the load applied is -1000 N/m, which is

a total of -10,000 N distributed across the lower horizontal members

e. Click “OK”
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15. In the model tree double click on “Mesh” for the Bridge part, and in the toolbox area click on the “Assign

Element Type” icon

Select “Standard” for element type
Select “Linear” for geometric order
Select “Beam” for family
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Click “OK”

Highlight all members in the viewport and select Done

Note that the name of the element (B21) and its description are given below the element controls
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16. In the toolbox area click on the “Seed Edge: By Number” icon (hold down icon to bring up the other options)
[T [ s e [ 1
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E % By Mumber
a. Select the entire geometry, except the lower horizontal lines, and click “Done” in the prompt area

ﬂﬂ Select the regions to be assigned local seeds

b. Define the number of elements along the edges as 5

c. Repeat for the lower horizontal lines, except specify 10 elements along the edges
17. In the toolbox area click on the “Mesh Part” icon
a. Click “Yes” in the prompt area

2

Mesh Part
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18. In the menu bar select View=>»Part Display Options

a. Check the Render beam profiles option on the General tab
b. Click “OK”
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19. Change the Module to “Property”

a.

b
C.
d

Click on the “Assign Beam Orientation” icon

Select the entire geometry from the viewport

Click “Done” in the prompt area

Accept the default value of the approximate n1 direction

e
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20. Note that the preview shows that the beam cross sections are not all orientated as desired (see Problem

Description)

21. In the toolbox area click on the “Assign Beam/Truss Tangent” icon
Click on the sections of the geometry that are off by 180 degrees
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22. In the model tree double click on the “Job” node

a. Name the job “Bridge”
b. Click “Continue...”
c. Give the job a description
d. Click “OK”
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23. In the model tree right click on the job just created (Bridge) and select “Submit”

a. While Abaqus is solving the problem right click on the job submitted (Bridge), and select “Monitor”

T FET P e oy
r: Amplitudes v b
[ Loads (13
L BCs (2)
: & From dafimed mialda
- Switch Context Ctrl+Space
L Edit...
\f Annot:  COPY..
Ei% Analys Rename...
% Job  Delste... Del
Mrite Input |
“Bg ad: patachedk [
ﬂ_w
B A e Cankinue Im
The Monitar =
The | =]
App. Results =
Fill

11

" B TR SEtfieE

IE Amplitudes

[ Loads (1)

[L BCs (2

& Fromdaficmed mialda

:__ Switch Context Chrl+Space
L Edit...
Copy...
Rename. ..
Delete... Del
Write Input | |
“Bg a0 para check [
.ll= Submit

The Conkirue =
The =
Jok t
wus] || JoE Results -
Jok il o=




b. Inthe Monitor window check that there are no errors or warnings

i. If there are errors, investigate the cause(s) before resolving

ii. If there are warnings, determine if the warnings are relevant, some warnings can be safely

ignored
I Bridge Monitor =1
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24. In the model tree right click on the submitted and successfully completed job (Bridge), and select “Results”
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25. In the menu bar click on Viewport=>»Viewport Annotations Options
a. Uncheck the “Show compass option”
b. The locations of viewport items can be specified on the corresponding tab in the Viewport Annotations
Options
c. Click “OK”
x
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26. Display the deformed contour of the (Von) Mises stress overlaid with the undeformed geometry
a. Inthe toolbox area click on the following icons
i. “Plot Contours on Deformed Shape”
ii. “Allow Multiple Plot States”
iii. “Plot Undeformed Shape”
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27. In the toolbox area click on the “Common Plot Options” icon

a.

Note that the Deformation Scale Factor can be set on the “Basic” tab

b. On the “Labels” tab check the show node symbols icon

c. Click “OK”
Il Common Plot Options x| Il Common Plot Options x|
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1: Step Time = 1.000
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28. To determine the stress values, from the menu bar click Tools=»Query

a. Check the boxes labeled “Nodes” and

“S, Mises”

b. Inthe viewport mouse over the element of interest

c. Note that Abaqus reports stress values from the integration points, which may differ slightly from the

values determined by projecting values from the surrounding integration points to the nodes

i.  The minimum and maximum stress values contained in the legend are from the stresses

projected to the nodes

d. Click on an element to store it in the “Selected Probe Values” portion of the dialogue box

e. Click “Cancel”

Step: 1, Load
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Customize. .. T e Pt

29. To change the output being displayed, in the menu bar click on Results=>»Field Output

a. Select “Spatial displacement at nodes”
i. Component =U2
b. Click “OK”

Ml Ficld Output

Step/Frame
’;tep: 1, Load

Frame: 1 sStep/Frame...

Primary Variable. | Deformed Wariable | Symbol variable | Status varistle |

 Output Yariable
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B C
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Section Paints. ..
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30. To create a text file containing the stresses, vertical displacements, and reaction forces (including the total), in
the menu bar click on Report=>»Field Output
a. Forthe output variable select (Von) Mises
b. On the Setup tab specify the name and the location for the text file
c. Uncheck the “Column totals” option
d. Click “Apply”
x ﬂ

Step/Frame Step/Frame
Step: 1, Load Step: 1, Load
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‘ariable I Setup I Variable Setup I
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e. Back on the Variable tab change the position to “Unique Nodal”
f.  Uncheck the stress variable, and select the U2 spatial displacement
g. Click “Apply”
x
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h. On the Variable tab, uncheck Spatial displacement and select the RF2 reaction force
i. On the Setup tab, check the “Column totals” option

j.  Click “OK”
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Step/Frame
Step: 1, Load

Frame: 1 StepjFrame. .. |

I Report Field Output

Step/Frame
Step: 1, Load

Frame: 1 StepfFrame. .. |

‘ariable I Setup |

— Dutput ¥ariables

|

Click checkboxes or edit the identifiers shown next to Edit below,

Posikion: IUnique Modal

Variable  Setup I

— File

Select... |

Mame: IBridge.rpt
¥ append to file

» [ CF: Paint loads =)
[ cmM3: Point moments

w | RF: Reaction force
[ mMagnitude

"R

[ RM3: Reaction mament
p [ S:Shress components

p [ U Spatial displacement

— Dutput Format
Layout: @ Single kable For all field output variables

{" Separate table For each Field output variable

Sort by INode Label Vl

{* ascending ¢ Descending
Fage width (characters): € Mo limit € Specify: ISD

Mumber of significant digits: I 6_%

0 (5 (et oo . ;l Mumnber Format: IEngineering VI
Edit: [RF.RF2 T
Section point: O Al € Select Settings...l wite: ¥ Field output W ¥ Calumn minfma
[0]'4 | Apply | Defaults | Cancel | [o]4 | Apply | Defaults | Cancel |

31. Open the .rpt file with any text editor

a. One thing to check is that the total reaction force is equal to the applied load (-10,000 N)

ODB: C:/Temp/Bridge.odhb
3tep: Load
Frame: Increment 1: Step Time = 1.000
Loz 1 : MNodal wvalues from source 1
Cucput sorted by column "Node Lakbel™.
Field Output reported at nodes for part: BRIDGE-1
Node EF.RF2
Label [Loc 1
1 o.
2 a.
3 a.
4 E.E+03
g E.E+03
Minimum a.
At MNode 43
Maximuam 5.E+03
At Node =
Total 10.E4+03
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