Final Exam for CE595 – Finite Elements in Elasticity 

Due: May 4, 2007

Consider the component shown below. It shows the lateral connection plates that may be used to connect the flanges of adjacent steel beams in bridges. The connection plates provide lateral support to each of the beam flange plates, and connect them together transversely. 

In the problem shown below, I have used some arbitrary dimensions to make modeling simple. The axis of symmetry is indicated in the Figure, and must be used in your solution. You should model only half of the problem. 

The radius of the connection between the lateral plate and the flange plates is important. It is the heart of the problem. As the radius increases, the stress concentration factor will decrease. However, having too large radius can be cumbersome from a fabrication standpoint. 

The point of interest for us is the fatigue behavior of the connection between the flange plate and the lateral plate. As the bridge girder is subjected to repeated loading, the connection region is subjected to fatigue cycles with stress range (Sr) governed by the applied stress and the stress concentration factor for the connection. 

The objective of the analysis is to determine the stress concentration factor for the given connection region. Develop a simple elastic finite element model of the component subjected to nominal stress (away from the concentration) equal to 1 ksi.
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(85 points)

Part A

Develop three finite element models for the problem, each using a different type of element: 

(i) plane stress, 

(ii) 3D solid, and 

(iii) plate or shell elements. 

For each type, use the best element you can think of and explain your choice. Refine the finite element meshes to get reasonable values of stress concentration from the analysis. Provide enough details and pictures to judge the model (geometry, mesh, boundary, or loading conditions). 

Compare and contrast the results from the three models. Identify the limitations of the individual models (if any). Tabulate the results, specifically the stress concentration factors for different stress measures (S11, S-mises, S-principal).

Identify the model and finite element that will be best for this type of analysis. Also identify the type of element that will be the quickest for this type of analysis. 

Refer to pages 16.1 -170 to 16.1-173 of the AISC Specifications (2005). How does the information on those pages relate to the problem you are solving? Summarize your thoughts and comment on the potential fatigue cracking of the details. How does it compare with the cartoons shown on the AISC pages? (See link for AISC Spec.)

(15 points)

Part B

Select the quickest model from the three developed in Part A. Use this model to investigate the effects of radius on the stress concentration factors. 

Keeping everything else the same, change the radius to 1.25 in. and determine the stress concentration factor. Again change the radius to 4 in. and determine the stress concentration factor. 

Tabulate your results, and discuss your findings. 

Submission: In this case, submit only printouts of your exam solutions – no electronic copies. Limit yourself to 25 total pages. More pages than that will not be graded. Provide sufficient information to grade your effort, thinking, and results. You don’t need to provide everything for each model. Focus on the questions being asked and provide appropriate answers. 
9 in.








