
CESG 507 Assignment and Final Exam Project Winter 2023

This Assignment contains two problems. Both include

1. A setup phase, which shall be a quick turn-around effort for which usual homework rules, i.e.,
collaboration is permitted, apply.

2. A project phase, which shall be your work only. That portion will be graded as the final
exam.

Remark: The problems are designed for using FEM.edu (the python software shared in class), but
you are welcome to use Mathematica or even MATLAB for some or all work!

Problem 4-1: Static stability analysis of stiffened beam-columns.

Figure 1 represents the setup for a series of design options for a steel column. The undeformed
column shall be perfectly straight between two nodes A and B and loaded at the top (point B) by
a concentrated force P . Assume the reference column to have EI = const. over its entire length.
Use that EI to define a normalized load λ = PL2/(π2EI).

Setup Phase: Build finite element models for the three system options (note that option II differs
from option I only by the parameter EI for each section). Each model shall be able to find
the stability limit, i.e., the critical load factor for which the determinant of Kt goes through

Figure 1: Elastic beam-column under axial compression. Design options for stiffeners (I, II, III),
and support options (i, ii, iii for the loaded node; a, b for the bottom node).
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zero. Plot the (controlling) buckling mode at the stability limit and compare it to our in-class
exercise.

Set up each model to accept any of the support options (i, ii, iii for node B, and a, b for
node A). Test your approach by using options (b), (ii), and (III) and comparing the result
against Assignment #3. I further recommend to pick one setup for each system (I) and (II)
and compare results with one or more classmates to ensure your code is working correctly.

Project Phase: This is for your final exam project and I expect you to work alone on this part
of the question!

Create stability diagrams in which you show 0 ≤ α ≤ 1 on the horizontal axis and the critical
load factor on the vertical axis. Use γ = 1.5 and γ = 2.0. Do this for

• All three system options and one set of boundary conditions at nodes A and B, OR

• Two system options and two sets of boundary conditions at nodes A and B, OR

• System option (I) and three sets of boundary conditions at nodes A and B.

These diagrams should be condensed into a single plot (well labeled, please) to study the
effect of the structural modifications.

Note: This can be fully automated, which would make solving for any or all combinations rather
simple. However, if you feel less comfortable with automation (programming a few loops
and conditions), find solutions at least for α = 0.00, 0.25, 0.50, 0.75, 1.00 to create enough
information for a diagram.

Note: Plotting can be done in python, MATLAB, Excel, or by hand. Just make sure to add a
legend and proper discussion.
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Problem 4-2: Static stability analysis of a building frame.

Figure 2 sets up a design study for a four-story building frame. This is a fictitious model to study
the effect of stiffness variation between floor beams and beam-columns. By picking EI = 103 and
EA = 106, B = 20 and H = 10, we may view this as some normalized model.

Figure 2: Multi-story building frames with load pattern and support condition.

Setup Phase: Build a finite element model for the three system options. This can be done in
one model by using parameters EIc and EIf for columns and floors, respectively. Use two
elements per floor (length B/2) for better plotting. The extra constraints at the base of
model II require only two extra lines, so starting with (III) in mind makes this most efficient.

Each model shall be able to find the stability limit, i.e., the critical load factor for which the
determinant of Kt goes through zero. Plot the (controlling) buckling mode at the stability
limit and compare it to our in-class exercise.

I highly recommend to pick one setup for, e.g., system (I), and compare results with one or
more classmates to ensure your code is working correctly.

Project Phase: This is for your final exam project and I expect you to work alone on this part
of the question! This is a free format question in which I am asking you to conduct a critical
study on the impact of design choices on the stability of a multi-story frame. I am leaving
the extent to your level of interest and availability of (your) time to explore.
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Here some questions to start with:

1. What is the buckling load of the original system? Start with system I, start with a
small w and work your way toward the stability limit, then set the reference load to that
stability limit. This makes subsequent comparison easy since the critical factor for the
reference system is now 1.00.

2. How strong is the impact on the support condition at the base on the critical load and
the buckling mode shape? (systems I versus II)

3. How strong is the impact of stiffer floors (system III) on the critical load and the buckling
mode shape?

4. How would modifying the column stiffness affect critical load and buckling mode shape?
Try floors 1 to 4 using 4EI, 3EI, 2EI and EI, respectively.

5. Will a simplified load pattern where floor loads are applied at loads yield a reasonable
approximation for the buckling loads and modes?

6. Apply horizontal forces at floors (representing wind or earthquake forces), say 5 % of the
largest vertical force in any column per floor. This serves as some serious imperfection.
How will that affect the analysis? How the results?

Note: Be creative, come up with your own questions if you like, but please clearly state your study
question, hypothesis, and findings. As always in engineering, a figure is telling more than a
thousand words.
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