Problem: Given a circular steel tube of length L, outer radius r, thickness t. The tube is supported in a V-block (with included angle θ) which has the same length as the tube. A vertical force F is applied on the tube. The arrangement is below. I need to analyse the stresses (normal and/or shear) in the tube and then calculate what maximum force F can be applied before the maximum stress anywhere in the tube reaches the yield stress Y.

I have done the following work but not sure if this is correct approach. I have doubts if this is a more complicated problem than it seems.
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Here is my solution:

Step 1: Calculate reaction forces (R) that will be exerted by V-block on the tube. These reaction forces are equal and normal to the tube. By doing force balance, we get:
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Step 2: Now we can proceed with calculating the stresses in the tube. We start by taking a section of the tube as shown and drawing a free body diagram (see next page):
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Fig 1





Fig 2
From Fig 2, we can do force and moment balance to calculate the unknowns V, N and M. We already calculated R in Step 1. From force balance, we get:
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To do moment balance, we take moments about R and to do this, we calculate the distance of N and V from the point where R acts. This can be calculated using geometry. Finally, we get:
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So far, it is pretty straightforward. Now we can calculate the normal, bending and shear stresses. We know the formulae for shear and bending stresses are:
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These formulae are taken from a standard Mechanics of Materials book. Now comes my problem. At this stage, I am confused if all I did so far was correct or not. And this is where I need your help. My doubts are:

· All the above analysis has been done assuming that it is ok to treat this tube as a regular beam, i.e the ones we usually solve for in an undergraduate solid mechanics course. I am not sure if this is correct. This tube is supported by the V-block all along its length. In regular beam questions, the support (e.g. pin or roller joints) are usually at a certain point, not all along the length of the beam. So I would like to know if the above analysis is correct. It is important to note the differences between this situation and a regular beam situation. I am not sure if this situation qualifies for analysis that would be used for a regular beam.

· If the above analysis is correct, then question arises that how do I calculate ‘y’ and ‘I’ for Eq 5)? As you can see from Fig 1, the internal forces (V, N and M) are acting on 2 areas (the ones that are shaded). Now these 2 areas are not together. They are around the tube. It is at this point that I feel lost and begin to doubt if my analysis is correct. In regular beams, it is easy to calculate y and I. But I am not sure if I can apply the same principles to calculate I and y in this case. 

· Is this whole analysis wrong? Please explain why either way.
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