Elastic Constants


Lab Background
This lab will teach you more about how elastic constants are determined.  We will be working with three elastic constants in particular.  These constants are: modulus of elasticity, modulus of rigidity, and Poisson’s ratio.  These elastic constants are used when applying Hooke’s law to relate stress and strain in a material.  

Lab Procedure

We will be performing flexure tests to find the elastic constants of a material.  The procedure for the tests is given below.

1) Make all necessary measurements.  You will need to measure the length between supports, cross-sectional dimensions of the beam, and the distance to the strain gages from the nearest support.

2) Place the weight hanger on the beam making sure it is centered between the supports.

3) Determine the orientation of the two strain gages on the beam.  One gage measures axial strain and the other measures transverse strain so it is important to know which is which.

4) Connect the strain gages to the strain indicators.  Then, zero the amp, set the gage factor, and balance the strain.

5)  If you are using the larger aluminum beam on the lathe bed, place weights on the hanger in 5 lb increments until the total weight is 50 lb.  Record the strains at each 5 lb increment of weight.

6) If you are using the smaller aluminum beam or the magnesium beam, place weights on the hanger in 1 lb increments until the total weight reaches 10 lb.  Record the strains at each 1 lb increment.

Calculations

The calculations for this lab are very straightforward if you follow the steps given below.

1) Begin your calculations for the flexure test data by entering your data in Excel.  You will then need to create two plots.  The first plot should be load (y-axis) vs. axial strain (x-axis) and the second plot should be transverse strain vs. axial strain.  
2) Next, use linear regression to find the slope of the regression line for both plots.  
3) Poisson’s ratio (
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) can be found by applying Eq. (1) shown below.  This shows that Poisson’s ratio is simply the absolute value of the slope of your transverse strain vs. axial strain regression line.  
4) The modulus of elasticity (E) can be found using Eq. (2).  In Eq. (2) the value of 
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is the absolute value of the slope of the regression line from your load vs. axial strain plot.  The area moment of inertia term, INA, in Eq. (2) can be found using Eq. (3).  In this case the neutral axis is the centroidal axis of the rectangular cross section.

5) The modulus of rigidity can be calculated by applying Eq. (4) using the values for E and 
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 found above.

Lab Report

The lab report for this lab should be a memo written by your group worth 100 points.  Be sure to attach your initialed data sheet and include a set of hand calculations.  Your report should include the graphs created during your calculations.  Make sure to show your regression lines on the graphs and the equations for the lines.  Include a table in your report that summarizes your calculated values for modulus of elasticity, modulus of rigidity, and Poisson’s ratio.  Also, look up reference values for all the elastic constants and compare your experimental values to the reference values using percent differences.  In the appropriate section of your report discuss how well your experimental values matched the reference values and give reasons for any major deviations.

Presentation

For the presentation, each group will fill in the following table with the corresponding experimental values:

	Material
	E
	G
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Two groups will then be randomly selected to answer questions about the lab.
Equations
(1) Poisson’s Ratio



(2) Modulus of Elasticity
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= Poisson’s ratio



E = modulus of elasticity, psi
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= slope of transverse 

y = distance from neutral axis, in

                    strain vs. axial strain line
d = distance from support to strain gage, in







INA= moment of inertia about the neutral axis, in4
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(3) Area Moment of Intertia


(4) Modulus of Rigidity
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INA = area moment of intertia, in4

G = modulus of rigidity, psi



b = width of beam, in



E= modulus of elasticity, psi                   

h = height of beam, in
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= Poisson’s ratio
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