Hands on Exercise: Tensile Testing and Stress vs Strain
Introduction
Results and Discussion (THIS IS THE PART THAT WILL BE GRADED)
1. Report your hypothesis for which rod was made from a different material. (5 points)
5 points if a hypothesis is included, 0 points if not. 

2. Include your raw and converted data (Mass vs Length, Force vs ΔLength, Stress vs Strain). This will likely be in the form of a spreadsheet which you can upload alongside this document.  (25 points)
5 points for including mass vs length data. 10 points for force vs length data (5 points for having correct forces, 5 points for having correct ΔL). 10 points for Stress vs Strain (5 points for having correct equation for stress values, 5 points for correct equation for strain values).
· Note can give partial credit if the equation was correct but a simple error was made (i.e. if students used areas that weren’t in m2 but some other unit but then reported in Pascals, only take off 2.5 points)
· Note: If only some samples have an error (i.e. they messed up the radius in their stress equation for only the thick rod but not all ) can give partial credit (i.e. take off 2 points)

3. Include a plot below of your force vs Δlength data, with force on the y-axis and Δlength on the x-axis. Include all 4 rod specimens on the same graph, and make sure you have the appropriate axes titles (with units). (15 points)
· 3 points for having graphs of force vs ΔL at all.
· 3 points for having force on y axis and ΔL on x axis
·  3 points if all 3 curves on the same graph. 
· 3 points for x-axis (1.5 points for title, 1.5 points for units)
·  3 points for y axis (1.5 points for title, 1.5 points for units)
4. Include a plot below of your stress vs strain data, with stress on the y-axis and strain on the x-axis. Include all 4 rod specimens on the same graph, and make sure you have the appropriate axes titles (with units). (15 points)
· 3 points for having graphs of force vs ΔL at all.
· 3 points for having stress on y axis and strain on x axis
· 3 points if all 4 curves on the same graph. 
· 3 points for x-axis (1.5 points for title, 1.5 points for units)
· 3 points for y axis (1.5 points for title, 1.5 points for units)
5. Report the Young’s Modulus (with units) for each of the rod specimens below (10 points)
	Specimen
	Young’s Modulus

	Thin Rod
	

	Medium Rod
	

	Thick Rod
	


· 10 points for Young’s Modulus data that makes sense (or work that makes sense). Full points given for using the slope of a line of best fit OR calculating the slope from individual points. Values should likely be in the 1-10 MPa range. Note: If you already took off points for incorrect stress/strain values DO NOT take off points again for incorrect Young’s Modulus values unless how they got the values were incorrect
· If values don’t make sense but you can look at the equations/work to see where the error lies and it was a simple error, can give partial credit (i.e. take off 2 points)
6. Based on the data above (both the curves AND the Young’s Modulus value), can you tell which rod was made from a different material? If so, which one? Explain your rationale (10 points)
· 10 points for a well-reasoned explanation that matches the data. Expected answer is that the medium rod was made from a different, stiffer material. However, imprecision with measurement/data collection can lead to alternative conclusions. As long as conclusions match, data, give full points. Examples of good responses include “Could not tell the difference because all rods had different Young’s modulus” “Could not tell the difference because all rods stress vs strain shapes were different”, “Rod X was made from a different material because it clearly had a different Young’s modulus”, “Rod X was made from a different material because it clearly had a different shape/slope of the stress-strain curve”. 
· Answers that don’t match back to the data displayed with some rationale at all should be given 0 points.
· Can give partial credit at grader’s discretion (5 points) for answers which has issues but are along the right track
7. Compare the shapes of the curves in the graph from Question 2 (Force vs Δ Length Curve) to the shapes of the curves in the graph from Question 3 (Stress vs Strain). What is the benefit of analyzing mechanical properties of materials using stress and strain compared to analyzing mechanical properties of materials using force and deformation?  (10 points)
· 3 points for having some mention of comparing shapes of curves in the two graphs. Exactly what was said is not important
· 7 points for solid answer to main question.. Can give partial credit if answer has issues but is on the right track. You can be very generous in grading this one. Expected answer is below, others are okay at grader’s discretion (be lenient)
· "Analyzing material properties using stress-strain allows you to remove/negate/normalize the impact of shape on the mechanical testing results. If you look at force vs length materials that have the same mechanical properties can end up looking very different if they have different shapes”
8. Compare the final unloaded lengths and cross-sectional areas of the specimens (Step 5 from the experiment above) to the original dimensions of the specimens (Step 1 from experiment above). Based on this comparison, do you think these specimens experienced plastic or elastic deformation? Explain your rationale. (10 points)
· 3 points for having some mention of the starting and final dimensions of the specimens
· 7 points for solid answer to main question.. Can give partial credit if answer has issues but is on the right track. You can be very generous in grading this one. As long as students correctly link their data to an answer in the following ways, should be given full points
· Change in final vs starting dimensions = plastic deformation
· No change in final vs starting dimensions = elastic deformation
