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Objective

The purpose of this experiment was to obtain a stress-strain curve and determine basic mechanical properties for three nonmetallic materials, PVC, Acrylic, and Polycarbonate under compression loading.

Procedure

Each of the three cylindrical non-metallic materials, PVC, Acrylic, and Polycarbonate, is measured with a caliper for diameter and length.  They are individually placed in a Q-test machine and subjected to a compressive load until the machine can no longer safely exert force (35% strain with a strain rate of 0.15 in/min).  The experimenter observes the deformation of each material, and refers to the data for stress and strain information.  The experimenter then uses this data to make conclusions about the materials’ mechanical properties.  

Below are the three materials’ cross-sectional areas:

Material = π(diameter/2)^2 = area in^2

	
	PVC
	Acrylic
	Polycarbonate

	Diameter (in)
	0.5075
	0.505
	0.500

	Length (in)
	2.0805
	2.0795
	2.058

	Area (in^2)
	0.8091
	0.8012
	0.7854

	Distance between grips (in)
	1.539
	1.546
	1.519


Table 1. Materials and their areas based on diameter, along with measured length
Specimens are 2 in x ½ in diameter
The experimenter must make a stress vs. strain curve for each material.  Using the force and compression data gathered by the Q-test machine, the experimenter divides the force by the cross sectional area of the material to obtain stress (units = lb/in^2 = psi), and divides the distance the material was compressed by the initial distance (change in length / initial length) to obtain strain.  The distance between grips in the table above serves as our initial distance.
Results and Discussion

Data from the Q-test machine was collected and inputted into an Excel document, producing three separate stress-strain curves for each of the materials.  Samples of the stress and strain calculations, resulting graphs, and analysis of the graphs are shown below.
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Figure 1. Acrylic Stress-strain curve.  
See Appendix Calculations for sample calculations.
We know from the previous non-metallic tension lab that Acrylic is a brittle material, but it peaked at a much higher stress than PVC or Polycarbonate in this lab.  It is stronger in compression than either of the other materials, despite the fact that it is brittle.  It did, however, develop a flaw during its deformation.  It buckled and barreled, which is normal for non-metallic materials under compression. However, it also developed a crack in the bulging middle, barreled portion.  This is simply because it is brittle.  The Acrylic still deformed significantly, with a pronounced barrel and buckled region.
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Figure 2. PVC Stress-strain curve

PVC peaked at about the same level as Polycarbonate, and we found that the deformation seen in the material was not as significant as the other two materials.  The bulge and barrel were less pronounced, though they very clearly did exist.  PVC is generally known as a flexible, ductile material.  This ductility may have contributed resilience to the specimen, allowing it not to deform as much as the other two materials.
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Figure 3. Polycarbonate Stress-Strain curve

Polycarbonate deformed as the other two did, with a barrel and bulge in the middle of the specimen.  It did not develop any flaws, but it deformed more than PVC.  This material was in the middle as far as deformation goes.
Below are the results we gather from the graphs.  For explanations as to how to derive these numbers, and for sample calculations, see Appendix Calculations.

	
	Aluminum 2024
	Aluminum 7075
	Steel 1018

	E (psi) experimental
	2,500,000
	3,000,000
	2,400,000

	E (psi) accepted
	10,587,754.87

	10,732,792.59

	30,457,770


	E % error
	-76.39%
	-72.04%
	-92.1%

	Yield Strength (psi) experimental
	53000
	72000
	38000

	Yield Strength (psi) accepted
	47000

	71630

	55970


	Yield Strength % error
	12.76%
	.52%
	-32.1%

	Tensile Strength (psi) experimental
	68000
	80000
	49000

	Tensile Strength (psi) accepted
	68000

	83000

	72500


	Tensile Strength % error
	0%
	-3.6%
	-32.2%

	Rupture Strain (%) experimental
	0.17
	X
	0.225

	Rupture Strain (%) accepted
	0.18

	.11

	0.18


	Rupture Strain % error
	-5.56%
	X
	25%


Table 2. The values of E, Yield Strength, Tensile Strength, and Rupture strain for each of the three metals.
We see from these graphs and their analyses that Steel is far more ductile than either Aluminum sample.  We see that its tensile strength is in between the two other values, but that its yield strength was much lower than Al 2024 and Al 7075’s values were.  This is not necessarily always the case, as we saw from the accepted values.  Generally, Aluminum 2024 has the lowest yield strength.  In our test, our samples could have been flawed, causing a lower yield stress than normal.  
The Aluminum 7075 could not be broken in the machine, proving that it is stronger than Aluminum 2024.  The buckling that occurred when it was compressed does not mean that it would fail differently than 2024 or Steel, because these samples would have buckled had we compressed them, as well.

Clearly, Aluminum 7075 was more resistant to failure than Aluminum 2024, proving it to be the stronger aluminum of the two.
Steel weighs much more than Aluminum, making it a cumbersome material, and perhaps not as good to build with than Aluminum 7075.  Aluminum 7075, all in all, is the best of the three materials.

There is significant error involved in all three of the Young’s Modulus values.  This can be attributed to the fact that this report was written with the incorrect data.  Because the data was incorrect, we can also suspect that the unusually high error for Steel 1018’s numbers was due to this data problem.  However, there might also have been material flaws that caused the Steel to break more easily, and this source of error might have also caused the small but acceptable error found in most of the other numbers. 
There was no rupture strain for Al 7075 because it was so strong that the machine was unable to break it.  The machine ceased the tensile load before the Al 7075 broke, leaving us with no rupture strain value.  However, we know that the rupture strain was supposed to be at .11, which is curiously lower than the other two materials’ numbers.

Conclusion

After careful analysis of the Young’s Modulus, Tensile Strength, Yield Strength, and Rupture Strength of Aluminum 2024, Aluminum 7075, and Steel 1018 under tension, we can conclude that Aluminum 7075 is the superior material because of its light weight, large tensile strength and yield strength, and superior strength to the other two materials.  Aluminum 7075 was the only material that did not fracture in the machine, and although Steel is more ductile than Aluminum 7075, Steel did fracture under less stress. 
Appendix
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Sample Calculations
Stress Sample Calculation:

Force = 4271.415 lbs
Cross sectional area of Nylon = .0654 in^2

4271.415 / .0654 = 65312.16 psi = stress
Strain Sample Calculation:

Distance = 1.053 in
Initial grip separation = 6.1 in

1.053 in / 6.1 in = 0.172623 = strain
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We find by looking at the graph that Al 2024’s Young’s Modulus, E, is equal to the slope of the elastic region, 2,500,000 psi.

E = delta y / delta x = [(50000) psi]/[(.02-0)] = 2500000 psi

The internet suggests that Young’s Modulus should be about 7.310E+10 Pa, which translates to 10,587,754.87 psi.
  The error is extremely large, and the procedure for calculating percent error is below:

[(experimental – accepted value) / (accepted value)] *100 = percent error

The tensile strength is calculated by observing where the stress-strain curve reaches its peak.  In Al 2024’s graph, we see that the tensile strength is about 68000 psi.

The yield strength is calculated by following the slope of the elastic region of the stress-strain curve after observing an offset strain of .2%.  We can estimate this to be about 53000 psi after looking at the graph.

Finally, the rupture strain is the last point on the graph.  We estimate this point to be at about .17%.  
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