BIME200 Hands on Exercise: Tensile Testing and Stress vs Strain
Introduction
	Mechanical testing is frequently used by engineers of all sorts to understand and analyze the mechanical properties of various materials as a means of understanding important properties such stiffness, strength, ductility, etc. The property values associated with these various metrics is then critically important for determining which kinds of materials can/should be used for different applications and settings (or more likely, where a certain material SHOULDN’T be used for safety concerns). 
	One such mechanical test is a tension test, in which increasing forces are applied to a specimen and the extensional deformation (change, Δ, in length) is recorded. However, the deformation that is recorded during a tension test is dependent on a number of different factors, including the material mechanical properties, the testing conditions, AND the geometry of the test specimen. In order to extract useful information about the material properties itself, it is necessary to analyze the data in a geometry-independent manner. In order to accomplish this, force and deformation data is typically converted into stress and strain data, where stress is the applied force divided by the cross-sectional area of the specimen (F/A) reported in units of N/m2 (or Pa) and strain is the change in length divided by the starting (or gauge) length (ΔL/L), reported as a percentage.
	For this lab, you are taking the role of an engineer working for a orthotics manufacturing company who has to address a mistake made by the purchasing department – one batch of a critical supply of flexible rods was accidentally ordered with the wrong rubber, but the information regarding which rods are what material was lost. You need to identify which one of the three specimens is made of a different rubber material. In order to solve this problem, you will be conducting tension tests to evaluate the mechanical properties of the rubber. This will involve collecting raw force vs deformation data and then converting that into geometry-independent stress vs strain data with which you can analyze to extract quantitative mechanical properties such as Young’s Modulus.
Learning Outcomes
By the end of this lab, students should be able to
1. Conduct simple tension tests and collect force/deformation data 
2. Calculate and plot stress/strain curves from raw force/deformation data 
3. Evaluate mechanical properties (Young’s Modulus) from stress/strain curves
4. Use mechanical testing to compare/contrast materials
5. Describe the benefit of geometry-normalization of mechanical testing using stress and strain.
6. Distinguish between elastic and plastic strain
Equipment
1. 3 Rubber Rod Samples with Eye Hooks (Thin, Medium, Thick), one of which is made from a different material
2. Rulers and Calipers
3. Weights

Instructions
1. Take each of the specimens and pull them to try to gauge their mechanical properties. From this quick evaluation come up with a hypothesis as to which rod (thin, medium, thick) is made of a different material than the other two. Record this hypothesis in Question 1 of the results and discussion section below.
2. Measure the geometric parameters of your 3 rod samples. Use the ruler to measure the length of each rod and use the calipers to measure the cross-sectional diameter. Be sure to pay close attention to the units that you use.
	Specimen
	Length
	Cross-Sectional Diameter

	Thin Rod
	
	

	Medium Rod
	
	

	Thick Rod
	
	



3. Starting with one of your rod specimens, have one person from your group hold the top of the rod (the part without the eye hook). Have a second person attach the weight holder (long rod with hook on one end and base on the other) to the eye hook. Use the ruler to measure the full length of the rod with the hanging holder and record the new length. The weight holder counts as a weight of 0.5 kg.
4. Add extra weights to the bottom of the weight holder. In each case, record the new hanging mass and use the ruler to evaluate the new length of the specimen. 
5. Repeat this step to ensure that the following weights are recorded for the relevant specimen. Then repeat for the remaining 3 rod specimens
a. Thin Rod – Masses to Measure: 0.5 kg (holder), 1 kg (holder +0.5 kg weight), 1.5 kg
b. Medium Rod – Masses to Measure: 0.5 kg (holder), 1 kg, 1.5 kg, 2 kg
c. Thick Rod – Masses to Measure: 1 kg (holder + 0.5 kg weight), 2kg, 3 kg
(Note – these are recommended weights that should work well. You are welcome to try different weights if you feel like it would give you better data. However, you should not add more than 1.5 kg to the thin rod)
                         Thin Rod
	Weight
	New Length

	
	

	
	

	
	

	
	


                      

	      Medium Rod
	Weight
	New Length

	
	

	
	

	
	

	
	




	         Thick Rod
	Weight
	New Length

	
	

	
	

	
	

	
	



6. 
7. After you’ve completed the round of measurements for each rod, record the final length and cross-sectional diameter of rod without any forces applied to it.
	Specimen
	Length
	Cross-Sectional Diameter

	Thin Rod
	
	

	Medium Rod
	
	

	Thick Rod
	
	



8. Return your materials to the front of the room
Data Processing (Note: This step can be completed on your own after class)
1. Convert your data collected above (Step 4) into force vs Δ length. You can use 9.8 m/s2 as the acceleration due to gravity.
2. Convert your force vs Δ length data from Step 1 above into stress (Pa) and strain (%) data.
a. Keep in mind what units you need in order to have your final values reported as Pa (N/m2). 
3. Plot your data with stress on the y-axis and strain on the x-axis. Fit your data using a linear regression curve and record the slope and r2 value. 
Results and Discussion (THIS IS THE PART THAT WILL BE GRADED)
1. Report your hypothesis for which of the three rods (thin, medium, or thick) was made of a different rubber material.


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. 
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 3 rod specimens on the same graph, and make sure you have the appropriate axes titles (with 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 3 rod specimens on the same graph, and make sure you have the appropriate axes titles (with units).
5. Report the approximate Young’s Modulus (with units) for each of the rod specimens below
	Specimen
	Young’s Modulus

	Thin Rod
	

	Medium Rod
	

	Thick Rod
	


6. Based on the data above (both the curves AND the Young’s Modulus value), were you able to tell if one of the rods was made from a different material? If so, which one? Explain your rationale
7. Compare the visualized data in the graph from Question 2 (Force vs Δ Length Curve) to the visualized data 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? 
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.
