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OBJECTIVE
The objective of this experiment was to determine the behavior of aluminum and steel under uniaxial tensile loading using a tension testing machine. Then using the data recorded from that test we determined various mechanical properties of each specimen by making a stress-strain graph using the data points.

INTRODUCTION
In a tension test, a specimen is put in a tension testing machine where uniaxial tensile loading is applied on the specimen until it fractures in order to determine its strength. This test gives us information on mechanical properties of the materials tested such as yield strength, ultimate strength, percent elongation, elastic modulus, percent reduction of area, proportional limit and true fracture stress.
Using the data from the test we can plot a stress (σ) vs strain (ε) graph that will have all the previously mentioned properties in it where:
σ = P/A and ε = δ/L
P = load (N)	A= Area (m2)     δ = Lf – L	L: initial gauge length (mm)  Lf: Final length (mm)
Once the graph is plotted, we can look at various parts of it to determine many mechanical properties. The yield strength is the point where plastic deformation begins and is decided by using either the offset method or the extension under load (EUL) method. This point can be determined either via the extension under load method or the offset method. The elastic modulus (stiffness) is the slope of the linear line in the elastic region. The ultimate strength is where necking begins which also corresponds to the highest stress value in the graph. The percent elongation (ductility) and percent reduction of area can be determined using the following formulae:
Percent elongation = [(lf−l0)/l0]×100	Percent reduction of Area = [(Ao−Af)/Ao]×100
There are other similar tests available such as a compressive test which may be more appropriate for materials such as ceramics than a tensile test would be. Torsion tests can also be done to find further information about a materials resistance to torque and load under more than one axis. These tests are chosen based on what we expect a material to go through when we put it to use, for example in a bridge the cables would be tensile tested while its pillars would be compression tested.





PROCEDURES
1. Measure the initial length and initial diameter of the steel and aluminum sample using the Vernier caliper on 3 points along the sample and to take the average.
2. Install the deformation measuring machine on the specimen and tighten it with the set screws to keep it in place. Make sure that the specimen is parallel to the deformation measuring machine. 
3. Zero the deformation measuring machine and install the screw-on caps on each end of the specimen making sure that both sides have an equal amount of grip by screwing them an equal amount of time onto to the specimen.
4. Put the specimen in the tension testing machine and zero it. Make sure that the specimen is straight while in the machine or else the load will not be uniaxial and that the load reader is set on live mode.
5. Slowly apply load onto the sample and video record both the deformation and load applied. 
6. Once done testing both samples, watch the video and note down the load and deformations. Note the deformation every 500N until the load reaches 5000N after which it should be noted every 200N. 
7. Once the load stops increasing:
For aluminum: Take note of the load every 0.5mm of deformation
For steel: Take note of the load every 0.25mm of deformation
8. Once the specimen fails, note down the maximum stress that was stored in the readers’ memory by switching the reading mode to peak mode. 
9. Take out the specimen from the testing machine and without removing the deformation measuring machine. Put the specimen back together on the V groove device and measure the specimens’ final diameter at the fracture point. 

REPORT & RESULTS
σ = P/A
ε = δ/L
where:
σ = tensile stresses on the specimen (MPa)
ε = strain (mm/mm)
P = load applied to the specimen (N)
A = cross section area of the specimen, (mm2)
L = gauge length, (mm)
δ = elongation (mm)
Using the data extrapolated from the experiment and these equations we can make a stress-strain diagram for aluminum and steel.




a) Using these graphs, the most appropriate method of determining the yield strength for aluminum is the offset method and for steel it would be to use the extension under load method. 
The yield strength for aluminum = P/A = 5401N/18.93mm2 = 285MPa
Yield strength for steel = 600MPa.

b) Ultimate strength is the highest value of stress achieved by the metal. For aluminum it is 316.037574 MPa and for steel it is 627.5377562.

c) The equation for percent elongation is [(lf−l0)/l0]×100.
For aluminum: lf = 104.50mm and l0 = 100.00
Percent elongation = [(110.57-100.00)/100] x 100 = 10.57%
For steel: Percent elongation = 4.5%

d) Elastic Modulus (E) = Δσ/Δε in the elastic (linear) region of the graph 
For aluminum: E = (295.7571-27.04)/(0.0086) =  31.25 GPa
Note that for aluminum, the deformation measuring machine could not measure any deformation before 5600N of load thus our result is incorrect. 
For steel: E = (416-375)/(0.0018-0.0016) = 205 GPa

e) Percent area reduction (RA) = [(Ao−Af)/Ao]×100
For aluminum: A0 = (4.91)2(π/4) = 18.93mm2 Af = (2.86)2(π/4) = 6.424mm2
RA = [(18.93-6.424)/18.93)] x 100 = 66.06%
For steel: RA = 43.85%

f) The proportional limit is the highest stress achieved where it still abides by Hooke’s Law. It is determined from the graph and estimated by eye.
For aluminum: 285MPa 
For steel: 517MPa

g) True fracture stress = P at failure/A at failure
For aluminum = 4012/10.81 = 371.14 MPa
For steel = 5932/3.74 = 1586.10 MPa
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DISCUSSION AND CONCLUSION
1. The advantages of a stress-strain diagram over a load-elongation diagram is that a former does not depend on the cross section of a material. Therefor it can be used for a specimen of any cross-sectional area without having to worry about the geometry of the sample. If we were to use a load-elongation diagram, then we would need a different graph for every possible geometry.

2. Modulus of elasticity (E) indicates how stiff a material is, the higher the value the stiffer it is. Steel has a higher E than aluminum, thus it does not stretch as much as aluminum when under tensile loading. Due to the higher elasticity of aluminum (low E), it fractures after a longer elongation than steel, but steel can take higher loads before it starts deforming permanently.

3.  If we were to compression test the material, there wouldn’t be much of a difference in the collected data other than the fact that there would be compression instead of elongation. So, in result the graph would be a mirrored version of the tensile test graph. Other than that, there would not be a fracture point as failure would occur at multiple parts of the material.

4. Ductility is the materials ability to deform permanently before fracture. The parameters of ductility are percent elongation and reduction of area. For example, aluminum and steel are both ductile materials, but aluminum is more ductile than steel because it had a greater percent elongation and reduction of area which meant that it deformed more than steel before fracturing. 

5. Here is a table to summarize the calculated properties vs expected values for them:
	
	Aluminum
	Aluminum (tested)
	% Error
	Steel
	Steel (tested)
	% Error

	Yield strength (MPa)
	275
	285
	3.6
	415
	600
	44.6

	Ultimate strength (MPa)
	310
	316
	1.9
	540
	628
	16.3

	Percent elongation
	12
	10.57
	16.0
	10
	4.5
	55

	Elastic modulus (GPa)
	69
	31.25
	54.7
	200
	205
	2.5



For aluminum:
The values are very close to what is expected except for the elastic modulus. The reason for that is an error in the deformation measuring machine that was not able to pick up any deformations below 0.84mm during that experiment which made it near impossible to calculate E. This error in the machine could be because the specimen was not able to stay perfectly parallel to the bar in the deformation measuring machine. 
For steel:
The values for steel are inaccurate for the most part. The yield strength is difficult to determine from the type of curve that we got and using either the EUL or the offset method gives us a value that is higher than what is expected. The percent elongation is also less than half of what it should have been, this error could have occurred due to a faulty steel specimen or unbalanced loading since the location of the fracture was very close to the edge of the gauge. 
In general: 
There were many possibilities of sources of error for this experiment. If the specimen were not put into the testing device exactly vertically, then the load would not be uniaxial thus the deformation that we would measure would be false. 
The deformation measuring device was not sensitive enough thus many data points were missing for the aluminum specimen for the first 5000N which is why our value of E is off by 54.7%. 
It is also to be noted that the steel did not fracture near the middle but rather at the end of the gauge. This could be due to the loading machine not properly distributing the load on both sides or an innate fault in the steel sample. However, we tested the two different steel samples, and both fractured in a similar area which might make the error due to faulty equipment more likely.
Source of error in reading the data. Even though the data was recorded, the values would jump up and down by significant amounts, and we only took values at certain intervals, if this same procedure was done by a more automated testing machine the data would have been more accurate. 
Also, since we did not apply the load using an automated machine but rather a person, the rate of increase in the loading was not ideal and leaves space for significant error. This would cause us to get flawed data for both load and elongation.
In conclusion, in this experiment we used the tensile test to gather data about load and elongation. We then used that data to plot a stress-strain graph for both aluminum and steel. Using these data, we then determined various mechanical properties of aluminum and steel such as yield strength, ultimate strength, percent elongation and so on.
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