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Wednesday February 19th, 2020 
Objective: 
The main purpose of this lab was to apply a tension test on steel and aluminum and observing the deformation, stress and strain that occurs.
Introduction:
The tension test is utilized to determine the maximum stress a material can sustain by applying an axial force. We gradually apply the force slowly extending the specimen until it fractures. During this process, we record the elongation of the gauge and the force applied. This data is used to measure the engineering strain, ɛ, and the engineering stress, σ. Once we obtain that information, we can graph a stress-strain curve. This graph allows us to determine many other properties such as the material ultimate strength, yield strength and the modulus of elasticity. Also, we can predict how a material will perform under different type of forces which helps in choosing the material needed for specific projects. We can assume that steel will have a higher ultimate strength comparing to aluminum. 
Equipment: 
· Tension testing machine
· Deformation measurement device 
· Vernier Caliper
· Steel and aluminum specimens 
· V-groove tray
Procedure: 
1. Measure the diameter of the specimens, aluminum and steel, using the Vernier calipers. Assume the specimens have a gauge length of 100 mm. 
2. Set the specimen in the deformation measurement device. Ensure that the two set of screws are secures as seen in the figure below and zero the reading. 
[image: ]
Figure11 
3. Ensure that the load read-out is zero as well. 
4. Install the screw-on caps at the end of the gauge. After tightening it all the ways, unscrew it by half a turn and mount it on the testing machine. 
5. For steel: Apply force slowly and steadily and document the deformation every 500N until 5000N is reached. After 5000N document the deformation every 200N. Once the load stops increasing or decreases, document the data based on deformation increment: every 0.25mm.  
For Aluminum: Apply force slowly and steadily and document the deformation every 500N until 5000N is reached. After 5000N document the deformation every 200N. Once the load stops increasing or decreases, document the data based on deformation increment: every 0.50mm.  
6. Once failures occur, document the maximum load and measure the final length using the v groove and the deformation machine while keeping the two screws as shown in the figure below.
[image: ]
Figure 21
7. Measure the smallest final diameter of the specimen where the fractures occurred. 

Results: 

	
	Before Fracture
	After Fracture

	
	Initial Length (mm)
	Initial Diameter (mm)
	Final Length (mm)
	Final Diameter (mm)

	Steel
	100
	4.02
	103.31
	2.84

	Aluminum
	100
	4.99
	111.34
	2.65


Table 1.1

	Steel

	Load P (N)
	Deformation(mm)
	d(mm)
	Strain 
	Stress (Mpa)

	519
	0
	100
	0
	40.89

	1001
	0
	100
	0
	78.87

	1506
	0.02
	100
	0.0002
	118.65

	2020
	0.04
	100
	0.0004
	159.15

	2505
	0.08
	100
	0.0008
	197.36

	3012
	0.08
	100
	0.0008
	237.31

	3500
	0.12
	100
	0.0012
	275.76

	4004
	0.15
	100
	0.0015
	315.47

	4503
	0.18
	100
	0.0018
	354.78

	5014
	0.2
	100
	0.002
	395.04

	5191
	0.22
	100
	0.0022
	408.99

	5405
	0.22
	100
	0.0022
	425.85

	5597
	0.24
	100
	0.0024
	440.97

	5799
	0.24
	100
	0.0024
	456.89

	5994
	0.26
	100
	0.0026
	472.25

	6205
	0.27
	100
	0.0027
	488.88

	6402
	0.27
	100
	0.0027
	504.40

	6798
	0.34
	100
	0.0034
	535.60

	6998
	0.42
	100
	0.0042
	551.36

	7202
	0.45
	100
	0.0045
	567.43

	7405
	0.7
	100
	0.007
	583.42

	7472
	1.01
	100
	0.0101
	588.70

	7448
	1.27
	100
	0.0127
	586.81

	7468
	1.51
	100
	0.0151
	588.39

	7428
	1.76
	100
	0.0176
	585.23

	7444
	2.01
	100
	0.0201
	586.50

	7166
	2.26
	100
	0.0226
	564.59

	6980
	2.53
	100
	0.0253
	549.94

	6841
	2.78
	100
	0.0278
	538.99

	6511
	3.08
	100
	0.0308
	512.99

	6164
	3.28
	100
	0.0328
	485.65

	5655
	3.52
	100
	0.0352
	445.54


Table 1.2




	Aluminium

	Load P (N)
	Deformation(mm)
	d(mm)
	Strain
	Stress (Mpa)

	529
	0.04
	100
	0.0004
	27.05

	999
	0.04
	100
	0.0004
	51.08

	1442
	0.04
	100
	0.0004
	73.74

	1976
	0.06
	100
	0.0006
	101.04

	2464
	0.09
	100
	0.0009
	125.99

	2961
	0.19
	100
	0.0019
	151.41

	3502
	0.23
	100
	0.0023
	179.07

	4012
	0.27
	100
	0.0027
	205.15

	4501
	0.27
	100
	0.0027
	230.15

	5017
	0.36
	100
	0.0036
	256.54

	5230
	0.37
	100
	0.0037
	267.43

	5402
	0.5
	100
	0.005
	276.23

	5514
	1
	100
	0.01
	281.95

	5549
	1.52
	100
	0.0152
	283.74

	5531
	2.01
	100
	0.0201
	282.82

	5619
	2.5
	100
	0.025
	287.32

	5649
	2.96
	100
	0.0296
	288.86

	5677
	3.5
	100
	0.035
	290.29

	5574
	3.94
	100
	0.0394
	285.02

	5731
	4.49
	100
	0.0449
	293.05

	5817
	5.01
	100
	0.0501
	297.45

	5870
	5.47
	100
	0.0547
	300.16

	5897
	5.98
	100
	0.0598
	301.54

	5910
	6.51
	100
	0.0651
	302.20

	5928
	7.03
	100
	0.0703
	303.12

	5886
	7.51
	100
	0.0751
	300.97

	5820
	7.99
	100
	0.0799
	297.60

	5931
	8.49
	100
	0.0849
	303.28

	5901
	9.01
	100
	0.0901
	301.74

	5786
	9.52
	100
	0.0952
	295.86

	5412
	10
	100
	0.1
	276.74

	4792
	10.49
	100
	0.1049
	245.03

	3844
	11.03
	100
	0.1103
	196.56

	3398
	11.34
	100
	0.1134
	173.75


Table 1.3

The stress was obtained using the following formula: 


Where: 
σ = Tensile stress on the specimen (MPa)
P = Load applied on the specimen (N)
A = Cross section area of the specimen (mm2) 

Sample Calculation: 
Steel 6th entry


The strain was obtained using the following formula: 

Where: 
ε = Strain (mm/mm)
L= Gauge length (mm)
δ = Elongation (mm)

Sample Calculation: 
Steel 6th entry






Engineering Stress-Strain Curve:

Graph 1.1



Graph 1.2



Fractured Specimens: We did not take clear pictures of the fractured specimens. We have two screenshots from the video we recorded. We also included a picture to demonstrate what the fracture looked like. 
· Steel: 

[image: ] [image: Image result for steel tensile test specimen]
          Our video screenshot		A look-like of the fracture5	
· Aluminum: 

[image: ] [image: Image result for aluminium tensile test]
           Our video screenshot			A look-like of the fracture6	





The following properties were determined from the data collected:
	
	Steel
	Aluminum

	Yield Strength (MPa)
	395.04
	151.41

	Ultimate Strength (MPa)
	589.10
	306.04

	Percent of Elongation %
	3.31%
	11.34%

	Elastic Modulus (GPa)
	132.405
	50.513

	Percent Reduction of Area %
	50.09%
	72.01%

	Proportional Limit (MPa)
	504.40
	267.43

	True factor stress (MPa)
	892.70
	616.09


Table 1.4
Sample Calculation: 
Steel Specimen
Yield Strength
Yield Strength is the stress were plastic deformation occurs.  At ε=0.002 we traced a line to the slop of the curve which fives us the yield strength of material. 
For steel it 395.04 MPa.
Ultimate Strength
We can obtain the ultimate stress, by calculating the stress with the maximum load. 

Percentage of Elongation: 

Where
 Lf = Final Length 
Li = Initial Length



Elastic Modulus:
The Elastic Modulus is the slop of the linear curve: 

where 
Δσ = the variation of stress
Δε = the variation of strain
 


Percent Reduction of Area:

Where 
Ai = Initial Area 
Af = Final Area

Proportional Limit:

The proportional limit is the point in the stress-strain curve where we go from linear to nonlinear, in other words from elastic deformation region to plastic deformation. In our case for steel, it is at 504.40 Mpa.
True factor stress

Where
Pf = Load at fracture
Af = Area at fracture 

Discussion and Conclusion: 
1. A load-elongation curve is dependant on the material cross sectional area whereas an engineering stress-strain diagram is independent on area of cross section. For example, we just performed a test with an aluminium sample with a specific cross-sectional area, if we graph the load-elongation diagram, we would have to repeat the same test for any other aluminum with a different cross section area. However, this is not the case with the stress-strain diagram, it allows us to do the test once and extract all information necessary such as yield strength, ultimate strength and Modulus of elasticity for any shape aluminum sample. 
2. With the modulus of elasticity, E, we can determine how much the material will elastically stretch when force is applied. The higher the value of E the stiffer the material. For our samples, we can determine that steel has a higher stiffness than Aluminum with 132.405 MPa and 50.513 MPa, respectively. 
3. If we were to test the same specimens in compression instead of tension, we would have slightly different material properties. In compression we are applying the force towards the specimen comparing to tension we are pulling the specimens which causes different failure. Tension stress causes the specimens to fail much faster than compression.  
4. Ductility is the ability of a material to go under permanent deformation before fracturing.  The bigger the amount of plastic deformation before it breaks the more ductile the material. The parameters that are indicators of ductility are the percent of elongation and the percent of reduction of area. 
5. Table is comparing our tested results with the one provided in the lab Manuel.  We can see that the tested value of the ultimate strength is very close to the expected values for both specimens. Whereas the percentage of elongation for the aluminum is closer to it’s true value comparing to the steel value. 
6. Stress strain diagram is  independent  of the material cross sectional
7. area. As area is always changing during a tensile test, true stress is
8. difficult to measure. True stress is when we divide the applied force by
9. the instantaneous cross sectional area of the specimen. 
10. That’s why  we  normalize force  with  its cross  section.  We call  it  an
11. Engineering  stress  and  it is   more common. True  stress  is  used for
12. deformation   processes.  A   load-elongation   curve   applies   only   to   the
13. geometry of the tested material. A stress-strain diagram applies to the
14. material itself, in any geometry. So if for example we test an aluminum
15. sample and get the stress-strain curve, we can apply this diagram to
16. every   aluminum   sample     no   matter   it’s   geometry   nut   with   load-
17. elongation diagram we have to repeat every time the test because the
18. geometry of the sample is not the same. From stress-strain curve it’s
19. easier to get the information such as yield strength, tensile strength,
20. modulus 
21. 
	Property
	Aluminium (6061-T6)
	Aluminium Tested
	Steel         (C12 L14)
	Steel    Tested

	Yield Strength (MPa)
	275
	151.41
	415
	395.04

	Ultimate Strength (MPa)
	310
	306.04
	540
	589.1

	% Elongation
	12
	11.34
	10
	3.31

	Mod. of Elasticity (GPa)
	69
	50.52
	200
	132.24


Table 1.5
The discrepancy occurs from the following possible source of errors: 
· We experienced some difficulties with our deformation measurement device. When we initially started our experiment with the steel sample, the deformation measurement device was not recording any data. This resulted in us having to restart the experiment with a different specimen.
· While mounting the specimens on to the testing machine, we tried to keep it as aligned as possible with the y-axis. However, there must have been some axial misalignment which caused the break to not occur at mid point. 
· We recorded the process in order to be able to collect the data as closely as possible, nevertheless the force applied was manual and the data collected was with the naked eye. This could’ve caused some human error in our data analysis. 
In conclusion, our assumption made during the introduction were right, the ultimate strength for steel was higher than aluminum. Steel has an ultimate strength of 589.1 MPa whereas aluminum is 306.04 MPa. 
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