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ANALYSIS OF A PLATE WITH STRESS CONCENTRATIONS 

Instructor: Professor James Sherwood 

Author: Dimitri Soteropoulos 

Programs Utilized: Abaqus/CAE 6.11-2 

Problem Description: 

This tutorial illustrates the effects of various stress concentrations on a plate. Three different stress 

concentrations are incorporated into the geometry of and aluminum plate: a hole, fillets, and a crack. 

The mesh of the plate is designed and refined to fit the conditions of the geometry.  

 

Creating the Model Geometry 

¶ Go to the Start Menu and open Abaqus/CAE 

¶ You may be prompted with an Abaqus/CAE 6.11-2 Start Session dialog box (Figure 1). Close this 

box by clicking the X in the top right hand corner.  

 

Figure 1. Abaqus/CAE 6.11-2 Start Session Dialog Box. 
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¶ Once the Start Session box is exited, the Abaqus/CAE Viewport should look similar to Figure 2. 

(Please note the model tree is the series of functions listed on the left hand side of the viewport, 

while the module is the list of icons to the right of the model tree) 

 

Figure 2. Abaqus/CAE Viewport 

¶ To create the model geometry of the aluminum plate, a sketch of the face of the part must be 

generated. 

¶ Using the left mouse button, double click Parts in the model tree and the Create Part (Figure 3a) 

dialog box appears. Enter a new name for the part (PLATE), and under the Base Feature tab 

choose Shell for shape and Planar for type. Change the approximate size option to 20. The 

Create Part dialog box should look identical to Figure 3b. 

¶ Click ContinueΧ ŀƴŘ ǘƘŜ ƎǊŀǇƘƛŎǎ ǿƛƴŘƻǿ ǿƛƭƭ ŎƘŀƴƎŜ ǘƻ ŀ ǎŜǘ ƻŦ ƎǊƛŘƭƛƴŜǎΦ  

Model Tree 
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     Figure 3a. Create Part Dialog Box      Figure 3b. Create Part Dialog Box (PLATE) 

 

¶ For the first step in generating the model geometry an outline of the plate must be created. 

Click the Create Isolated Point icon    in the module. (Remember, the module is the series of 

icons to the right of the model tree) 

¶ At the bottom of the viewport the Pick a point ς or enter X,Y: option will appear. Points will be 

entered using X,Y coordinates. Enter the X,Y coordinates of the points listed in Table 1. After 

each entry hit enter on the keyboard and the point will appear in the viewport. (Enter the points 

in the x,y format) 

Table 1. Points for Geometry 

Point X Coordinate Y Coordinate 

1 -2.5 0.75 

2 -2.0 0.75 

3 -1.5 0.75 

4 -0.75 0.75 

5 0.75 0.75 

6 1.25 0.75 

7 1.5 0.75 

8 1.5 0.5 

9 2.5 0.5 

10 2.5 -0.5 

11 1.5 -0.5 

12 1.5 -0.75 

13 1.25 -0.75 

14 0.75 -0.75 

15 -0.75 -0.75 

16 -1.5 -0.75 

17 -2.0 -0.75 

18 -2.5 -0.75 
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19 0 0 

20 -0.25 0 

21 0.25 0 

¶ If all of the points have been entered correctly, the viewport should look similar to Figure 4. To 

auto scale the points to fit the screen hit F6 on the computer keyboard. 

 

Figure 4. Geometry Points 

¶ Click the Create Lines: Connected icon  in the module, click and create lines between points 

1 & 2, 2 & 3, 3 & 4, 4 & 5, 5 & 6. After the fifth line has been created click the center scroll wheel 

on the mouse to exit the creation of this segment of lines. 

¶ Create lines between points 13 & 14, 14 & 15, 15 & 16, 16 & 17, 17 & 18. After the fifth line has 

been created click the center scroll wheel on the mouse to exit the creation of this segment of 

lines.  

¶ Next, create lines between points 8 & 9, 9 & 10, 10 & 11. After the third line has been created 

click the center scroll wheel on the mouse to exit the creation of this segment of lines.  

¶ Finally, create a line between points 1 & 18. Press Esc on the computer keyboard to exit the 

Create Lines: Connected tool. At this point of the sketch the geometry should look similar to 

that in Figure 5. 

X,Y Coordinates 
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Figure 5. Geometry Lines 

¶ The final step in drawing the plate geometry is to create a hole and two fillets. Click the Create 

Circle: Center and Perimeter  icon in the module. Using the cursor click point 19, this will 

denote the center point for the circle. Next click point 20, this will select a perimeter point for 

the circle. Press Esc on the computer keyboard to exit the Create Circle: Center and Perimeter 

tool. 

¶ Finally, click the Create Arc: Center and Two Endpoints icon in the module. For a center 

point the first filet click point 7. Next click point 8 to denote a start point for the arc. Finally click 

point 6 for an endpoint for the arc. Repeat the same steps to create the second filet for points 

12 (center), 13 (start), 11 (end). Press Esc on the computer keyboard to exit the Create Arc: 

Center and Two Endpoints tool.  

¶ The completed geometry should look similar to that in Figure 6.  



ABAQUS CAE BEAM TUTORIAL 6 REV 03.05.2012 

 

Figure 6. Geometry Complete 

¶ The geometry of the plate is now complete. Click Done at the bottom of the viewport to exit the 

sketching viewport. Upon exiting the sketching viewport, the part should turn a solid grey color 

(Figure 7).  

 

Figure 7. Plate with Hole (Part Module) 
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Defining Material Properties 

¶ To define material properties for this model, double click on Materials in the model tree and the 

Edit Material dialog box will appear (Figure 8a). Enter a Name for the material (ALUMINUM), 

and click the Mechanical tab, highlight Elasticity and click Elastic.  Enter values of ̧ ƻǳƴƎΩǎ 

Modulus = 10E06 Psi, and tƻƛǎǎƻƴΩǎ wŀǘƛƻ = 0.3. After the material properties have been 

entered, the Edit Material dialog box should look identical to Figure 8b.  

¶ Click OK. 

                                     

           Figure 8a. Edit Material Dialog Box       Figure 8b. Edit Material Dialog Box (ALUMINUM) 

¶ Please note there is no dropdown menu or feature in Abaqus that sets specific units.  All of the 

dimensions have been input in inchesΤ ǘƘŜǊŜŦƻǊŜ ǘƘŜ ǊŜǎǇŜŎǘƛǾŜ ¸ƻǳƴƎΩǎ aƻŘǳƭǳǎ ǳƴƛǘǎ ǎƘƻǳƭŘ 

be entered in Psi (Pounds per square inch).  The units chosen for the definition of the material 

properties should be consistent and dictate what units should be used for the dimensions of the 

structure.  

¶ At this point in preprocessing, the model should be saved. Click File then click Save. Name the 

file Plate With Hole Tutorial. The file will save as a Model Database (*.cae*) file. It may be of 

interest to save the file after each section of this tutorial.  

Creating Sections 

¶ To create a shell section in Abaqus, double click Sections in the model tree and the Create 

Section dialog box will appear (Figure 9a). Enter a Name for the section (SHELL), and choose 

Shell under the Category Tab, and Homogeneous under the Type tab. Your Create Section 

dialog box should look identical to that in Figure 9b.  

¶ Click ContinueΧ  
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                Figure 9a.  Create Section Dialog Box                Figure 9b. Create Section Dialog Box (SHELL) 

¶ The Edit Section dialog box will then appear where a value for the respective Shell thickness can 

be prescribed for this section.  Because only one material has been created, the Material is 

defaulted to ALUMINUM. If multiple materials had been created, the dropdown menu could be 

used to prescribe a different material to this section.  

¶ Under the basic tab enter 0.25 for the Shell thickness. Change the Thickness integration rule: to 

Gauss. When this is done the number of Thickness integration points will default to 3.  The Edit 

Section dialog box should look identical to that in Figure 10. 

¶ Click OK. 

    

Figure 10. Edit Section Dialog Box (SHELL) 

 

 

 



ABAQUS CAE BEAM TUTORIAL 9 REV 03.05.2012 

Assigning Sections 

¶ Now that the shell section has been created, it can be assigned to the geometry. In the model 

tree, click the + to the left of the Parts icon, this will further expand the model treeΩs options. 

Next, click the + to the left of the part called PLATE, further expanding the model tree (Figure 

11). 

  

Figure 11. Model Tree Expansion (Parts) 

¶ After the model tree has been expanded, double click Section Assignments. Using the cursor, 

draw a box around the whole part.  If the section has been chosen correctly the part will change 

color from grey to red (Figure 12).  

¶ Click Done.  

 

Figure 12. Selected Geometry 
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¶ The Edit Section Assignment dialog box will appear. Ensure that SHELL is selected under the 

Section option. Under the Shell offset option make sure the drop down definition is set to 

Middle surface.  The Edit Section Assignment dialog box should look identical to that in Figure 

13. 

 

Figure 13. Edit Section Assignment (SHELL) 

¶ Click OK. The geometry should now turn to a green color. 

 

Creating an Instance 

¶ Before the part will be meshed, it can be brought into the assembly. To do this task, click the + 

to the left of Assembly in the model tree. The model tree will expand and should look identical 

to Figure 14.  

 

Figure 14. Model Tree Expansion (Assembly) 

¶ Double click on the Instances icon in the expanded model tree. This feature will allow multiple 

parts to be brought into the assembly.  The Create Instance dialog box will appear (Figure 15). 

Under the Instance Type Option make sure to click Independent (mesh on instance). 


