ENGI 7706/7934: Finite Element Analysis

Abaqus CAE Tutorial 2: 2-D Plane
stress

Problem Description

A large thin plate (2 m x 4m) containing a small circular hole of radius 200 mm is
subjected to a simple tension stress of 50 MPa. The plate has elastic properties of E =
200 GPa, v = 0.3 and yield stress of 350 MPa. Assume the plastic response to have
slight tangent hardening such as 355 MPa at 10% strain. Use lines of symmetry to
reduce the model size. Show the results in graphical format by plotting the
longitudinal deformation, longitudinal stress, transverse stress and von Mises stress.
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Analysis Steps

1. Start Abaqus and choose to create a new model database

2. In the model tree double click on the “Parts” node (or right click on “parts” and

select Create)

3. In the Create Part dialog box name the part and

a. Select “2D Planar”
b. Select “Deformable”
c. Select “Shell”

d. Set approximate size = 10

e. Click “Continue...”
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E] Model: | Model-1

E| Part: H
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@ Name: | Plate
= Modeling Space

& (©) 3D @ 2D Planar ©) Axisymmetric
.+§ Type Options

%‘ © Deformable

@ Discrete rigid
y i - None available
©) Analytical rigid

Base Feature
© Shell
©) Wire

@) Point

Approximate size: | 10

[ Cancel

[ Continue... ]

o €= Fill out the Create Part dialog

4. Create the geometry shown below (not discussed here)



5. Cut the hole in the corner.
a. Select “Create Cut: Circular Hole” (in the red box shown below)

b. Select first edge, assign the distance from the first edge to the hole center as 0.
c. Select second edge, assign the distance from the first edge to the hole center as 0.
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d. Assign the diameter as 0.4 (radius=200mm).

6. Double click on the “Materials” node in the model tree

a. Name the new material as “Steel”

b. Click on the “Mechanical” tab, Elasticity, Elastic

c. Define Young’s Modulus and Poisson’s Ratio (use SI units)
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|87 Edit Material ‘ = ‘

Name: ’ Steel ‘

Description:

Material Behaviors

General Mechanical Thermal Other

Elastic

Use temperature-dependent data

Number of field variables: ’ 0 E]’

=

Moduli time scale (for viscoelasticity): 1 Long-term

[7]No compression

No tension

Data
Young's Poisson's
Modulus Ratio

1 200e9 0.3

Cancel

d. Click on the “Mechanical” tab, Plasticity, Plastic
e. Define Yield stress and Plastic strain as below.
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# ° Edit Material

Name: Steel

Description: ‘

Material Behaviors

[VEIastic
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General Mechanical Thermal Other

Plastic

Hardening: ‘ Isotropic E”

[7] Use strain-rate-dependent data

[7] Use temperature-dependent data

Number of field variables: ‘ 0 F‘
Data
Yield Plastic
Stress Strain
1 350e6 0

Cancel

7. Double click on the “Sections” node in the model tree

a. Name the section “Plate” and select “Solid” for the category and “Homogeneous”
for the type

b. Click “Continue...”

c. Leave the section integration set to “During Analysis”

d. Select the material created above (Steel)

e. Click “OK”
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W Edit Section | X |

Name: Plate

Type: Solid, Homogeneous

Material: | Steel

[« ]

[Create...]

[7] Plane stress/strain thickness: |1

8. Assign section select “assign section” in the red box shown below
a. Select the entire geometry in the viewport and press Enter

b. Select the section created above (Plate)

c. Click “OK”
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Section: Plate E” [Create...]
Note: List contains only sections
applicable to the selected regions.
Type: Solid, Homogeneous

Material: Steel

Thickness

Assignment: @ From section () From geometry
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9. Expand the “Assembly” node in the model tree and then double click on“Instances”
a. Select “Dependent” for the instance type
b. Click “OK”



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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# ° Create Step

Name: gApplyLoad

#° Edit Step

e —

Name: ApplylLoad
Type: Static, General

Insert new step after

i ]

Procedure type: | General

Dynamic, Explicit o
Dynamic, Temp-disp, Explicit
Geostatic

Heat transfer

Mass diffusion

m

Soils

Cr —

‘ Static, Riks -
[ Continue... ] [ Cancel ]

Basic | Incrementation | Other |

Description:
Time period: |1 J

© off (This setting controls the inclusion of nonlinear effects
Nigeom:

@ on of large displacements and affects subsequent steps.)

Automatic stabilization: %None E]i

[T] Include adiabatic heating effects

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 “Contact”

b. Click “OK”
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8 ° Edit Field Output Request

Name: F-Output-1

Step: ApplyLoad

Procedure: Static, General

Domain: (W

Frequency: |Every n increments

] n:|2
|

Timing: | Qutput at exact times
Output Variables
(©) Preselected defaults

@ Select from list below ) All ©) Edit variables

i S,PE,PEEQ,PEMAG,LE,U,RF,CF

[ Stresses

[&) Strains

|&] Displacement/Velocity/Acceleration
|E Forces/Reactions

[7] Contact

[] Energy

[7] Failure/Fracture

[] Thermal

m |

‘vewwvwvwvwvww

[] Output for rebar
Output at shell, beam, and layered section points:
© Use defaults ) Specify: ‘ ‘

Include local coordinate directions when available

| » |

o

»

Note: Error indicators are not available when Domain is Whole Model or Interaction.

Cancel

13. Double click on the “BCs” node in the model tree
a. To create a symmetric boundary condition on x and y direction:
Select the lower horizontal edge: U2=UR3=0

Select the left vertical edge: U1=UR3=0
b. Click “Continue...”
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# ° Create Boundary Condition 1

Name: %SVMM]
Step: ilnitial E]‘
F :,“:f.‘:J e N
Category Types for Selected Step

© Mechanical Symmetry/Antisymmetry/Encastre
Fluid : Displacement/Rotation

© Other Velocity/Angular velocity

| Acceleration/Angular acceleration

| Connector displacement

| Connector velocity

| Connector acceleration

# ' Edit Boundary Condition

Name: SYMM1

Type:  Displacement/Rotation

Step:  Initial

Region: (Picked)

CSYS: (Global)
Fui

u2

UR3

Note: The displacement value will be
maintained in subsequent steps.
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# ° Create Boundary Condition it

Name: | SYMM2

Initial E|:

Step:

Category Types for Selected Step

© Mechanical 3Symmetry/Antisymmetry/Encastre ‘
© Other : Velocity/Angular velocity
Acceleration/Angular acceleration
Connector displacement
Connector velocity

Connector acceleration

# ' Edit Boundary Condition

Name: SYMM2

Type:  Displacement/Rotation
Step:  Initial

Region: (Picked)

CSYS: (Global)
u1

[ u2

UR3

Note: The displacement value will be
maintained in subsequent steps.
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14. Double click on the “Loads” node in the model tree

a. Name the load “Distributed load” and select “Pressure” as the type
b. Click “Continue...”

c. Select the right vertical edges of the geometry press “Done” in the prompt area

d. Specify magnitude as -50e6.
e. Click “OK”




Name: irDistributed load

AppIyLoad H\

Procedure: Static, General

Step:

Category Types for Selected Step

@ Mechanical Concentrated force

Moment
E
Shell edge load

Surface traction

Fluid

©) Electrical Pi
ipe pressure

Mass diffusion | Body force
Line load
Gravity

Bolt load

@) Other

=

Name: Distributed load

Type:  Pressure

Step:  ApplyLoad (Static, General)
Region: (Picked)

Distribution: ‘ Uniform

E” [Create...]

Magpnitude: ’-5Et0i)7 ‘

Amplitude: ‘ (Ramp) Eﬂ Create...

15. In the model tree double click on “Mesh” for the part, and in the toolbox area
click on the “Assign Element Type” icon select “Plane stress”

m ElementTy_ " ! g ,

Element Library Family

[
| Plane Strain

@ Standard ‘

© Explicit

I
| Pore Fluid/Stress

i Thermal Electric

Geometric Order

© Linear ) Quadratic

Quad | Tri

| Plane Stress

-

4 [m]

Reduced integration [ Incompatible modes
Element Controls

Hourglass stiffness: (@ Use default

Viscosity: © Use default © Specify |

Second-order accuracy: () Yes ® No

Distortion control: @ Use default ) Yes ©) No

CPSAR: A 4-node bilinear plane stress quadrilateral, reduced integration, hourglass control.

[

Note: To select an element shape for meshing,
select "Mesh->Controls” from the main menu bar.

Cancel




16. In the toolbox area click on the “Seed Part: By Size” icon (hold down icon to
bring up the other options)
L2 |

Sizing Controls

Approximate global size: \0.1 ‘

Curvature control
Maximum deviation factor (0.0 < h/L < 1.0): 0.1
(Approximate number of elements per circle: 8)

Minimum size factor (as a fraction of global size):

® Use default (0.1) © Specify (0.0 < min < 1.0) 01 |

[ OK ] [ Apply ] [Defaults] [ Cancel ]

17. Assign mesh controls to create a uniform mesh:
a. Select mesh controls icon (red box shown below)
b. Select “Structured” for Technique

Bﬂ ['13 Mrols L= |

Element Shape
-
& ) Quad @ Quad-dominated ) Tri
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Bl o @

@ Structured .

Ea‘ Sweep |:|

Multiple

[Redeﬁne Region Comers...]
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18. In the toolbox area click on the “Mesh Part” icon
a. Click “Yes” in the prompt area

19. In the model tree double click on the “Job” node
a. Name the job “plane_stress”

b. Click “Continue...”

c. Give the job a description



d. Click “OK”
Name: Plane_stress
Model: Model-1

Analysis product: Abaqus/Standard

Description: ‘

Submission I General I Memory I Parallelization I Precision I

Name: { Plane_stress

Job Type

@ Full analysis
Source:  Model E] o
P © Recover (Explicit)
Model-1 () Restart

Run Mode

~ - Host name:

lype:

Submit Time

©@ Immediately
Wait: I:I hrs. Dmin.

Cancel

i’ JobM
Name Model Type Status [write Input
Plane_stress Model-1 Full Analysis Completed

Data Check

[Create... ] [ Edit... ] [ Copy... ] [Rename] [ Delete... ] [ Dismiss ]

22. Display the deformed contour of the (Von) Mises stress overlaid with the
undeformed geometry
a. “Plot Contours on Deformed Shape”




