Failure and Fully Plastic Action


Lab Background
Understanding what it means for a material to fail is important for you as an engineer to understand.  Some failures are planned and others are not.  Planned failures can often be beneficial if properly designed.  Unplanned failures often lead to catastrophic results with loss of life and/or property.

Lab Procedure

We will be performing flexure tests in the lab this week.  The tests will be performed on A36 steel bars similar to the ones used for the tension and torsion labs.  An Instron UTM will be used to perform a 3-point flexure test on the bars.  The following steps should be followed in the lab:

1) Measure the diameter of your A36 bar and the distance between the two supports on the fixture.  The distance between the supports is the value for L you will use in your calculations.

2) Place your bar on the supports and then apply load to the bar.

3) When the load becomes constant while the deflection continues to increase, the fully plastic load (PFP) has been reached.  You will select this point on the computer and the value for PFP will be shown in the e-mail sent to you with the test data.
4) When the machine is finished applying load, remove your specimen.

Calculations

You will use the fully plastic load value found during your flexure test to calculate the normal yield strength of the A36 steel bar.  All equations are shown on the back of this page.  Your calculations should follow these steps:

1) Begin by applying Eq. (1) to find the fully plastic moment,
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2) Next, use Eq. (2) to calculate the maximum elastic moment, Myp.  The maximum elastic moment is the moment required to cause the outside of the bar to yield.  Eq. (2) only applies for circular cross sections.
3) Use Eq. (3) to find the normal yield strength of the A36 bar.  This equation was developed from the generic 
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for a circular beam with the appropriate values entered for y and I.

Lab Report

The report for this lab should be a formal report worth 100 points written by your group.  Be sure to include a printed copy of the test data sent to you in an e-mail.  In your report you should create a table that compares the results of your tension, torsion, and flexure tests on A36 steel.  Your table should be similar to the one shown on the next page with your experimental yield strength values filled in.
	Test
	Yield Strength of Interest
	Experimental Value (psi)

	Tension
	Sy
	

	Torsion 
	Ssy
	

	Flexure
	Sy
	


You will also need to calculate two experimentally determined strength ratios and summarize them in a table.  The first experimental ratio to calculate is 
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and the second experimental ratio is
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.  Then, compare your experimental strength ratios to the ratios predicted by the Maximum Shear Stress Failure Theory and the von Mises Failure Theory using percent errors.  The theoretical ratios are given as Eqs. (4) and (5).  Include the percent error values in the table showing your experimental strength ratios.  In the written part of your report comment on which failure theory appears to be more accurate based on your experimental findings.

Presentation

Each group will write their two experimental stress ratios on the board.  Two groups will then be randomly selected to answer questions about the lab.
Equations

(1) Fully Plastic Moment


(2) Maximum Elastic Moment
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= fully plastic moment, lb-in
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= maximum elastic moment, lb-in
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L = distance between supports, in



(3) Normal Yield Strength


(4) Strength Ratio for Max. Shear Stress Theory
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= normal yield strength, psi
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= shearing yield point, psi
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= maximum elastic moment, lb-in
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= normal yield point, psi
c = radius of bar, in

(5) Strength Ratio for von-Mises Theory
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= shearing yield point, psi
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