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5. Shell Reinforcement According To 
Eurocode 2 

 

 Applicable CivilFEM Product: All CivilFEM Products 

 Level of Difficulty: Moderate 

 Interactive Time Required: 45 minutes 

 Discipline: Concrete Shell Reinforcement 

 Analysis Type: Linear static 

 Element Type Used: SHELL63 

 Active Code: Eurocode 2 

 Units System: kN, m, s 

 CivilFEM Features Demonstrated: Units selection, code selection, material 
definition, stresses postprocessing, shell 
reinforcement design 

 

Problem Description 

This is a concrete shell loading analysis, which makes use of the CivilFEM Shell 
Reinforcement capability. The structure consists of a rectangular shell with a 
circular opening at one corner and two constrained adjacent sides. We will 
apply a vertical distributed load and design the required reinforcement. 
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■ Given 

The geometry of the concrete shell is shown in the previous figure. The values 
of the geometrical dimensions, loads, and materials are as follows: 

 

Loads: Type Value 

Surface load Distributed surface load 10 KNw/m
2
 

Frame geometrical dimensions: 

a  4 m 

b  7 m 

r  2 m 

e  0.2 m 

Mechanical cover  0.04 m 

Section properties 

Material: Concrete: C 30/37 

Steel: S 400 

 

■ Approach and Assumptions 

A 3D analysis will be performed. Model geometry will be defined with solid 
modeling and the automatic meshing of elements and nodes. 
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■ Summary of Steps 

Preprocessing 

1. Specify title 

2. Set code and units 

3. Define material 

4. Define element type 

5. Define shell vertex 

6. Define shell properties 

7. Defíne the geometry 

8. Mesh the model 

9. Save the database 

Solution 

10. Apply displacement constraints 

11. Apply loads 

12. Solve 

Postprocessing 

13. Enter the postprocessor and read in results 

14. Perform shell reinforcement design 

15. Analyze reinforced shell forces and moments 

16. Analyze shell reinforcement results 

17. Exit the ANSYS program 
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Interactive Step-by-Step Solution 

■ Preprocessing 

In this step we will specify title, units, active code and define the material, 
element type, section and model geometry data. 

1. Specify title 

Although this step is not required for a CivilFEM analysis, we recommend you to 
make it part of all your analysis. 

 

Utility Menu: File Change title 

Enter the title: “Shell Reinforcement According To EC2” 

OK to define the title and close the dialog box. 

 

 

2. Set code and units 

Main Menu:  CivilFEM  Civil Setup  

We will use Eurocode 2 as active code, which is the option by default. 

Pick on the Units tab 
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Select User units 

In this analysis, we will select meters, seconds and Kilo Newton. 

OK to accept units and close the units dialog box  
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3. Define material 

Main Menu:  CivilFEM  Civil Preprocess Materials 

Pick on the new button to define a new material 1 
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Choose Concrete 

Choose C30/37 for concrete strength class 

Add 

Choose Reinforcing Steel 

Choose S400 for type of reinforcing steel 

Add 

Exit 
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OK 

 

 

 

4. Define element type 

Checking and defining according to codes is only performed through CivilFEM 
supported element types. Although you can use any ANSYS elements to define 
your model, only the CivilFEM supported elements will be checked according to 
codes. Supported CivilFEM elements are SHELL43, SHELL63 and SHELL93. 
We will use 3-D Elastic SHELL63 for this analysis. 

 

Main Menu:  CivilFEM  Civil Preprocess Element Types Civil Shells 

OK to define element type Shell 63 
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5. Define shell vertex 

Now we define the mechanical properties of the shell vertex. The steps you 
must follow are: 

1) Define the section thickness at each vertex 

2) Set the reinforcement cover at each vertex 

3) Define the orientation angle of the reinforcements 

On this problem all vertices are equal so we only need to define one vertex. 

Main Menu:  CivilFEM  Civil Preprocess Shell vertex 

Pick on the New Vertex button  
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Enter 0.2 as thickness  

Enter material 1 (concrete) 

 

 

Select the Reinforcement tab 

Enter 2 for reinforcement material 

Enter 0.04 for mechanical cover 

Ok 
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Exit 
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6. Define shell properties 

Main Menu:  CivilFEM  Civil Preprocess  Beam & Shell Pro 

Pick on the New Shell button 

 

 

 

Real constants will be defined by default for element 63 so we only need to 
select vertex 

Select vertex 1. By default the remaining shell vertex are considered the same 
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Ok 

Exit 
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7. Defíne the geometry of the model 

We will define the geometry  by solid modeling, creating primitives and 
modifying them in order to accomplish the final geometry with Boolean 
operations. First we will define a rectangle: 

 

Main Menu: Preprocessor  Modeling  Create Areas Rectangle 

By 2 corners 

Enter 0 for X origin coordinate 

Enter 0 for Y origin coordinate 

Enter 7 for rectangle width 

Enter 4 for rectangle height 

OK 

 

 

 

Then we will define a circle with the origin at a rectangle corner. In order to 
distinguish between areas more clearly, we turn on area colors and numbers. 
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Main Menu: Preprocessor  Modeling  Create Areas  Circle Solid 
circle 

Enter 0 for X center coordinate 

Enter 4 for Y center coordinate 

Enter 2 for radius 

 

OK  
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Utility Menu: PlotCtrls Numbering 

Turn on area numbering 

OK 

 

11 

11 



5-17 CivilFEM Workbook. Ingeciber, S.A.
© 

Ver. 14.5 

 

Then we will subtract the circle area from the rectangle area, in order to create 
a rectangle with a hole as shown in the figure drawn at the beginning of the 
example. 

 

Main Menu: Preprocessor  Modeling  Operate Booleans  Subtract 

Areas 

 

Pick the rectangle 

OK 

Pick the circle (not shown) 

OK 

 

 

 

 

8. Mesh the model 

To illustrate the reinforcement orientation we must define a local coordinate 
system, parallel to the global system. The elements local axis will be oriented 
with respect to this new coordinate system. 
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Utility Menu: WorkPlane Local Coordinate Systems Create Local CS  
At WP Origin 

Type 11 for Reference number 

OK 

 

 

Main Menu: Preprocessor Meshing Mesh Tool 

Pick Set Element Attributes 

Select element coordinate system 11 

OK 

Pick Smart Size Option 

Set size to 5  
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Pick the Mesh button 

Pick the area 

OK 

Close the Mesh Tool Window 
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9. Save the database  

Before moving to the next step, we will save all we have done so far. The save 
operation will save the database to file.db and file.cfdb 

Toolbar: CFSAVE 

 

■ Solution 

Loads will be applied directly on the finite element model. 

10. Apply displacement constraints 

Main Menu: Solution  Loads  Apply  –Structural –Displacement On 
Nodes 

Pick Box 

Press and drag the left mouse button to form a box around the top nodes to be 
constrained 

Press and drag the left mouse button to form a box around the left nodes to be 
constrained 

OK 
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Select All DOF 

OK 

 

 

 

 

    

 

11. Apply loads 

We will apply a surface load on the shell. Its value is 10 kN/m2. 
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Main Menu: Solution   Loads –Apply   Structural Pressure On 
Elements  

Pick All 

Enter face 2 

Enter 10 for pressure value 

OK to apply pressure 

 

 

 

 

       

 

 

 

 

 

12. Solve 

Main Menu: Solution - Solve – Current LS 

Review for information in the status window 

Close the status command box 

OK to solve current load step 

Close the information box 
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 Postprocessing 

13. Enter the postprocessor and read in results 

Main Menu:  CivilFEM  Civil Postproces Read Results  By Load Step 

Enter 1 in the Load Step number box 

OK to read load step 1 

 

 

14. Perform shell reinforcement design 

Now we are going to design under bending the shell reinforcement.  
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Main Menu: Civil Postproces  Code checking  Eurocode 2 DESIGN 

BY CODE: - Shells - WOOD Method. 

OK 

 

 

 

 

 

 

15. Analyze reinforced shell forces and moments 

Now we are going to produce the graph of the Bending Moment Y in the 
reinforced shell. When this command is used it is important to note that it 
implicates the modification of the EPSW (by default) data records in the ANSYS 
database, loosing the original values calculated with ANSYS. The altered 
results can be changed using the ~CFCONFIG command. 

Main Menu:  CivilFEM  Civil Postproces Code Checking Eurocode 2 

SHELL RESULTS: Shell utilities GRAPH RESULTS: Forces & 
Moments 

Select bending Moment Y 

OK 
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16. Analyze shell reinforcement results 

Now we are going to obtain the graph of the designed shell reinforcement 
results. We will select the reinforcement placed at face X Bottom. 

Main Menu:  CivilFEM  Civil Postproces Code Checking Eurocode 2 

SHELL RESULTS: Shell Results 

Choose ASBX 

OK 
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In the following step we are going to obtain the graph of the reinforcement 
placed at face X Top. 

Main Menu:  CivilFEM  Civil Postproces Code Checking Eurocode 2 

 SHELL RESULTS: Shell Results 

Choose ASTX 

OK 
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Next we are going to obtain the graph of the reinforcement placed at face Y 
Bottom. 

Main Menu:  CivilFEM  Civil Postproces Code Checking Eurocode 2 

Shell Results 

Choose ASBY 

OK 
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Next we are going to obtain the graph of the reinforcement placed at face Y 
Top. 

Main Menu:  CivilFEM  Civil Postproces Code Checking Eurocode 2 

Shell Results 

Choose ASTY 

OK 
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17. Exit the ANSYS program 

We save everything before exiting the ANSYS program. 

Utility Menu: File Exit 

Choose Save Everything 

Choose OK 
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