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Pre-Analysis & Start-Up

Pre-Analysis

You are told that experiments have been performed that confirm that the tip deflection under the load is approximately
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Generally, in long, slender beams, the transverse displacement due to pure bending dominates when compared with the accompanying shear deflection.
In relatively short beams, however, displacement contributions from shear can be large enough as to be non-negligible compared with those from pure
bending. In the present case, the shear contribution is no longer a "small percentage" of that from bending:
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where the relevant shear area is approximately the area of the beam web only. This is as prescribed in most Mechanics of Materials textbooks because
any load applied to the flanges tend to deform the flanges locally and do not contribute to the deflection of the neutral axis. You can see this if you attempt
to perform this analysis and distribute the end load over the entire cross sectional area including the flanges.
Assuming shear modulus (G) = 3770 ksi:
Bending deformation= 0.0041033 in
Shear deformation = 0.0030557 in
Here the bending deformation alone varies enough from the total deformation to question whether the difference might be a discretization error when , in
fact, it is due to a difference in physical modeling assumptions. To perform a proper validation of any numerical results post-mortem, one must know what
theory is embedded within the finite element model.
When the beam is long and slender, transverse displacement due to bending is the dominant contribution to the tip deflection and the pure bending stress
component is the dominant normal stress component acting at the wall fixture:
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What to Expect

Performing the three-dimensional analysis results in tip deflections in agreement with theory including the shear deformation but does not render normal
stresses at the wall given by simple beam theory. Below are the hand calculations for comparison in the Verification and Validation section of the tutorial:
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Start-Up
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