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 Problem description        

 This case study involves checking a steel curved bridge for buckling, performing the analysis 

of girders, designed using shell elements and beam elements. The goal of the case study is 

comparing the results of two separate analyses. 

  

 The structure, 250,054 ft long (76.216 m), is composed of steel beams with different sections 

and a concrete deck. 

  

 The complexity of the model lies in the contact simulation between the shells and beams of 

the structure. 
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Shell analysis 

Bridge deck 

Supporting frame 



 Geometry 
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a 

b 

c 

a Girders are  modeled using the extrusion tool 

along a curve entity. 

 
b Stiffeners are simulated using transverse 

trusses 

c The bridge deck is defined using shell elements 



 Materials 
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• Material (Supporting structure, Deck): A572 grade 50, f'c = 3000psi 

 Supporting structure: 

 Shells A572 grade 50. 

 Beams (Truss) A572 grade 50. 

 Deckf'c = 3000psi 

 

 Sections 
 

 
Five types of sections are defined for the design of 

the stiffening trusses 
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 Structural elements 

Each shell thickness is parameterized in the 

“Paramer list” 

Both the deck (b) and support structure (a), are 

meshed with a particular number of divisions. 

This meshing type is better fitted to curved 

surfaces. 

a 

b 

c 

The second half of the support structure (c) is 

uniformly meshed 



Beam Stiffeners have been defined. Four shell elements for each support are used. These 

elements are created in pairs on both sides of each support 

Left side Right side 
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 Contacts 

A glue contact between both elements is an easy solution for this type of union. 

As you can see, nodes at the junction between beams trusses do not match so 

performing a merge nodes operation will not work. 
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 Loads 

A 15 kPa surface load is applied on 

the whole deck. 



 Boundary conditions 
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Right side Left side 

X, Y and Z movements at the bottom of the shell are fixed. 



 Load Case 
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 Solve options 

20 Load cases will be calculated 
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Buckling analysis results 

The most interesting case to analyze is the one whose 

buckling load factor is the lowest. 

  

• The results for the first load case will be 

considered in this study. 

Load Case_1 X- Component of displacement 

Buckling mode Buckling load factor File

Dimensionless

1 5,506 Load case_1.rcf

2 6,066 Load case_2.rcf

3 7,037 Load case_3.rcf

4 7,203 Load case_4.rcf

5 8,357 Load case_5.rcf

6 8,973 Load case_6.rcf

7 9,246 Load case_7.rcf

8 9,442 Load case_8.rcf

9 9,525 Load case_9.rcf

10 9,682 Load case_10.rcf

11 9,995 Load case_11.rcf

12 10,203 Load case_12.rcf

13 10,290 Load case_16.rcf

14 10,331 Load case_14.rcf

15 10,612 Load case_15.rcf

16 11,110 Load case_16.rcf

17 11,266 Load case_17.rcf

18 11,603 Load case_18.rcf

19 11,633 Load case_19.rcf

20 11,931 Load case_20.rcf
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Static Model 

Once the buckling results have been obtained, a static model is performed. 

Some important aspects should be considered in order to solve the static 

model: We apply an imperfection to the mesh by scaling the load case 1 from the 

obtained bluckling results.  

Select a bilineal analysis for steel material. 
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ActivateCreate incremental results 

Results from static model. 

Von Mises equivalent stress shows that he yield strength of steel is reached. 

Outer shells 

Inner shells 
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Beam analysis 

Supporting bridge frame Bridge deck 
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Left side Right side 

 Boundary conditions 

 Loadcase and solve options are the same in both analyses 



 Load Case 
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 Solve options 
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Results 

In the analysis with girders modeled with beam elements, the four outer beams have a 

Total Criterion greater than 1, just like in the shell model.  

Bending bluckling Total criterion, 

shows which areas do not meet 

the selected standard. 
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Bending buckling analysis in shells 

By means of the Von Mises analysis, we can see where yielding is happening 



Curved Plan Deck Bridge buckling analysis 

Bending buckling analysis in beams 

We apply “Bending buckling” check to the analysis with beam elements. In this case, 

Eurocode 3 is the Standard used.  
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 Conclusion 

Once we have optimized the sections according to the standard, we can create a 

more detailed and accurate model by performing a Nonlinear analysis,  defining the 

girders with shell elements and using the bilinear behavior for steel. In this way, we 

can get more specific results and check for any signs of local buckling that can 

occur in different parts of the beam section. 

With this analysis we can adjust the dimensions of the different elements with 

respect to the dimensions obtained in the beam checking process. 

With CivilFEM we can modelize the girders in two ways: either by using beam 

elements or by using shell elements. Beam elements allow us to create a simple 

model and to check the beams according to a standard so it is a very useful 

method to predesign the girders. 

 


