Eccentric Loading


Lab Background
Eccentric axial loads are one of the most common loads found in real world loading situations.  It is important to properly account for the effect of an eccentric axial load so a safe design can be created.

Lab Procedure

We will be applying an offset load to an aluminum beam in the lab this week.  Each group needs to perform the test on only one beam.  The following steps should be completed in the lab:

1) Measure and record all the dimensions required on the data sheet

2) Use a square and level to properly align the beam.  This will be demonstrated in the lab.

3) Use the testing machine to apply 100-200 lb of pre-load to the beam.  

4) Connect all 5 strain gages to the switch and balance unit. 

5) Zero the amp, set the gage factor, and balance the load for all 5 gages.

6) Zero the load reading on the testing machine.

7) Apply an additional 8,000-10,000 lb load to the beam and record the strains on your data sheet.

Calculations

1) You should begin your calculations by inputting your data to Excel.  

2) Calculate the stresses present at the strain gage locations using Eq. (1).  Use E = 10.6x106 psi as the modulus of elasticity for the aluminum beam.

3) Create a plot of stress vs. position relative to the centroid.  The positive direction for the position relative to the centroid is shown on the data sheet.

4) Use linear regression to find the equation of the regression line through your data.  You will need both the slope (mexp) and the y-intercept value (bexp).  Your equation should be of the form
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5) Find the location of the experimental neutral axis by setting 
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= 0 in your regression equation.  The result should be an equation as shown in Eq. (2).  

6) Calculate the experimental maximum tensile and compressive stresses in your beam.  These can be found by plugging 
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 into your regression equation.
7) Find the theoretical stress vs. position equation using Eq. (3).  Plot this equation on the same graph you created in step 3 remembering not to use markers since this is a theoretical line.
8) Find the theoretical neutral axis location and maximum tensile and compressive stresses using the same method as for the experimental values described in steps 5 and 6.  The only change you need to make is to work with the theoretical values when performing these calculations.
Lab Report
The report for this lab should be a memo written by your group worth 100 points.  Be sure to attach your initialed data sheet and a set of sample calculations.  The following describes what is expected in two sections of your report.

Experimental Results

You should include the graph created during your calculations.  Make sure your graph shows both the regression and theoretical lines.  Summarize all your calculated experimental and theoretical values in a table.  

Discussion of Results

Use percent errors to compare your experimental values to those predicted by theory.  You will need to compare your experimental and theoretical values for neutral axis location, maximum tensile stress, and maximum compressive stress.  Discuss how well your experimental results match the theory.  Also, give reasons for any large differences between the theory and your results.

Presentation

Each group will be asked to write the following experimental values on the board:
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(in)
	Max. Tensile Stress (psi)
	Max. Compressive Stress (psi)


 Then two random groups will be asked to answer questions about the lab.
Equations
(1) Uniaxial Hooke’s Law


(2) Experimental Neutral Axis
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= stress at gage i location, psi
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= location of exp. NA, in

E = modulus of elasticity, psi
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= y-intercept from regression, psi
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= axial strain on gage i, in/in
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= slope from regression, psi/in
(3) Theoretical Stress vs. Position
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= theoretical stress, psi

P = applied load, lb

e = load offset distance, in

y = position from centroid, in

A = cross sectional area, in2

Ic = moment of inertia about centroid, in4
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= slope of theoretical line, psi/in
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= intercept of theoretical line, psi
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