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Abstract
Tensile testing, also known as tension testing, is widely used in materials engineering to test how much energy a specimen can absorb before failure. The energy in this experiment is given as controlled tension. By analyzing the results obtained from this experiment, operators can then know at how much energy is given that a specific phenomenon occurs, such as yield strength, ultimate tensile strength (UTS), and the failure (breaking point). Therefore, by comparing the different properties of each specimen, experimenters will be able to choose the optimized materials to a specific use.
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Objects
To determine the stress-strain relationship;
To determine the yield strength;
To determine the tensile strength;
To determine the elongation and reduction of cross-sectional area;
To determine the modulus of elasticity; and,
To determine the rupture strength. 
(Source: Lab Manual: “LAB 1: TENSION TEST OF STEEL & ALUMINIUM”, Page 1, University of Ottawa, 2015)

Theory and Introduction
In this experiment, there were three different specimens tested to determine the mechanical properties of each specimen. Also, by applying calculations, we could therefore obtained various properties of the metal sample in its cross-sectional area.
Since in actual engineering construction there are all kinds of loads and forces the materials need to withstand, numbers of modulus are found and used in order to make sure the structure is securely built.
Strain:
σ = P/A (P = Load; A = Original Cross-section)
ε = ΔL/L (ΔL = Elongation and L=Original Gauge Length)
Therefore, stress-strain relationship can be concluded after getting strain.
Modulus of elasticity:
E = σyield/ εyield 
Modulus of Toughness:
(σyield * εyield)/2 + ((σyield+ σrupture) (εrupture-εyield))/2
With these equations, one will be able to calculate different modulus, and determine the brittleness and ductility.


Material: 
Aluminum specimen 
Hot-rolled steel specimen
Cold-rolled steel specimen

Equipment
Universal testing machine;
Micrometer calipers;
Gauge marker;
Strain gauge;
Tension test grips and associated tools.
[image: ]
(Source: http://homepages.abdn.ac.uk/h.tan/pages/teaching/plasticity/lab.htm)
Figure 1.1 Fully settled universal tension machine with specimen and strain gauge.


Procedure
1. For each specimen, determine the mean cross-sectional dimensions from 5-μm readings taken near the centre. 
2. For each specimen, mark off a 200-mm total gauge length at 50 mm intervals for punching on the flat side of the specimens. Do not make the gauge marks too deep; this may lead to a weakened section and a possible brittle fracture. Measure the actual distance between gauge marks from 5-μm readings. 
3. Insert the specimen in the test machine. For wedge grips, the specimen should extend through the grips in order to ensure adequate gripping surface. 
4. Apply an initial load of 200 N to take the slack out of the grips. 
5. Set the testing machine to the required operating speed. Load increments to be applied are: Hot-rolled steel specimen = 5,000 N 
Cold-rolled steel specimen = 10,000 N
Aluminium specimen = 5,000 N 
6. The machine will record the specimen elongation for each load increment up to failure. However, you are required to record the strain reading for the strain gauge on the specimen at each loading step. You will notice that the proportional (elastic) limit has been reached when the strain readings for the gauge become zero. You can also verify that this limit has been reached by looking at the load-elongation curve provided by the testing machine. 
7. Continue the loading until the specimen ruptures. Record the maximum load and the load at fracture. 
8. After rupture, measure the change in all the gauge distances and the specimen crosssectional area at the rupture section by holding the two pieces together. 
(Source: Lab Manual: “LAB 1: TENSION TEST OF STEEL & ALUMINIUM”, Page 1, University of Ottawa, 2015)

Lab Data & Analysis
In this section, date obtained from measuring will be analysis with respect to each required calculations.
Legend:
CS = Cold-rolled steel; HS = Hot-rolled steel; Al = Aluminium; 
W = Width; H = Height; A = Area; i = Initial; f = Final.
Sample calculation:
W * H = A
19.13mm * 6.58mm = 125.8754mm2
	Specimen
	Wi
	Hi
	Ai
	Wf
	Hf
	Af

	CS
	19.13
	6.58
	125.8754
	17.12
	5.06
	86.6272

	HS
	19.22
	6.35
	122.047
	13.6
	3.18
	43.248

	Al
	19.17
	6.33
	121.3461
	17.5
	5.06
	88.55

	Table 1.1 The Initial and final Dimensions
	
	
	


Sample calculation:
((Lf - Li)/Li) * 100 = %E
((35.10mm – 24.98mm) * 100) = 40.51%
	Gauge #
	Li
	Lf
	%E
	
	
	
	
	
	
	

	1
	24.79
	24.96
	0.68576
	
	
	
	
	
	
	

	2
	24.79
	25
	0.847116
	
	
	
	
	
	
	

	3
	24.79
	24.88
	0.36305
	
	
	
	
	
	
	

	4
	25
	25.39
	1.56
	
	
	
	
	
	
	

	5
	25.01
	25.21
	0.79968
	
	
	
	
	
	
	

	6
	25
	25.21
	0.84
	
	
	
	
	
	
	

	7
	25.01
	25.03
	0.079968
	
	
	
	
	
	
	

	8
	25.02
	25.03
	0.039968
	
	
	
	
	
	
	

	9
	25.03
	29.263
	16.91171
	
	
	
	
	
	
	

	Table 2.1 Initial and final length between each gauge and its percentage elongation for cold-rolled steel

	
	
	
	
	
	
	
	
	
	
	

	Gauge #
	Li
	Lf
	%E
	
	
	
	
	
	
	

	1
	24.74
	29.13
	17.74454
	
	
	
	
	
	
	

	2
	24.93
	30.92
	24.02728
	
	
	
	
	
	
	

	3
	24.93
	29.26
	17.36863
	
	
	
	
	
	
	

	4
	24.94
	28.77
	15.35686
	
	
	
	
	
	
	

	5
	24.94
	28.77
	15.35686
	
	
	
	
	
	
	

	6
	24.93
	28.78
	15.44324
	
	
	
	
	
	
	

	7
	25.32
	29.63
	17.02212
	
	
	
	
	
	
	

	8
	25.31
	36.91
	45.83169
	
	
	
	
	
	
	

	9
	24.95
	30.78
	23.36673
	
	
	
	
	
	
	

	Table 2.2 Initial and final length between each gauge and its percentage elongation for hot-rolled steel

	

	
	
	
	
	
	
	
	
	
	

	Gauge #
	Li
	Lf
	%E
	
	
	
	
	
	
	

	1
	25.11
	27.05
	7.726006
	
	
	
	
	
	
	

	2
	25.11
	27.62
	9.996018
	
	
	
	
	
	
	

	3
	25.12
	27.24
	8.43949
	
	
	
	
	
	
	

	4
	25.12
	27.7
	10.2707
	
	
	
	
	
	
	

	5
	25.05
	27.62
	10.25948
	
	
	
	
	
	
	

	6
	25.05
	31.76
	26.78643
	
	
	
	
	
	
	

	7
	25.07
	27.72
	10.5704
	
	
	
	
	
	
	

	8
	25.08
	27.56
	9.888357
	
	
	
	
	
	
	

	9
	25.05
	27.2
	8.582834
	
	
	
	
	
	
	

	Table 2.3 Initial and final length between each gauge and its percentage elongation for Aluminium






Figure 2.1 The Percentage of Elongation of All the Metal Specimens.



Sample calculation:
%Area Reduction = - ((Af-Ai)/Ai)*100%
-(57.39-121.66)/121.66*100% = 52.83%
	Specimen
	Ai
	Af
	Area Reduction %

	Cold-rolled Steels
	121.66
	57.39
	52.82755

	Hot-rolled Steels
	88.86
	59.25
	33.32208

	Aluminium
	123.15
	98.19
	20.26797





Table 3.1 The Percentage of the Area Reduction of all Three Metal Specimens.



Figure 3.1 Stress-Strain relation graph for hot-rolled Steel
(Data based on the document given by the TA. Benoi)

Figure 3.2 Stress-Strain relation graph for cold-rolled Steel
(Data based on the document given by the TA. Benoi)


Figure 3.3 Stress-Strain relation graph for aluminum
(Data based on the document given by the TA. Benoi)



Tensile Strength 
Hot-rolled Steel = 541.455 N/mm2
Cold-rolled Steel = 461.42 N/mm2
Aluminum = 294.53 N/mm2

Rupture Strength 
Hot-rolled Steel = 408.9 N/mm2
Cold-rolled Steel = 354.97 N/mm2
Aluminum = 234.81 N/mm2

Calculation:
Hot-rolled steel
Max load = 59746.5 N
Max elongation = 7.7375mm
σ = P/A =59746.5 N /122.047mm2 = 489.537 N/mm2
ε=ΔL/L = 7.7375mm/50mm = 0.15475≈ 0.155
Cold-rolled Steel
Max load = 106145N
Max elongation = 0.75305mm
σ = 106145N /125.8754mm2 = 843.255N/mm2
ε = 0.75305mm /50mm= 0.015061
Aluminum
Max load = 38223N
Max elongation = 6.1003 mm
σ = 38223N/121.3461mm2 = 314.992 N/mm2
ε = 6.1003 mm / 50mm =0.122006

Modulus of elasticity = σyield/ εyield
Hot-rolled Steel = (489.537 N/mm2)/ 0.155 = 3158.3N/mm2
Cold-rolled Steel = 55.987 kN/mm2
Aluminum = 2.58 kN/mm2

Modulus of Resilience = (σyield* εyield)/2
Hot-rolled Steel = (489.37 N/mm2)*(0.155)/2 = 37.93 N/mm2
Cold-rolled Steel = 6.58 N/mm2
Aluminum = 19.2 N/mm2

Modulus of toughness: (σyield* εyield)/2 + ((σyield+ σrupture) (εrupture-εyield))/2
Hot-rolled Steel = (489.37 N/mm2)*(0.155)/2 + ((489.37 N/mm2+ 843.255N/mm2)(0.155-0.015061))/2 = 147.98 N/mm2
Cold-rolled Steel = 29.78 N.mm2
Aluminum = 42.92 N/mm2

Discussion
This experiment mainly focused on the mechanical properties of various kind of materials used in real-life engineering. They are hot-rolled steel, cold-rolled steel and aluminum.
Hot-rolled steel has high toughness meaning it withstands large amount of loads or tensile forces. It deformed most obviously among the three testing materials. It does not show the strongest brittleness, however, after deforming, it contineus to withhold loads and experienced the hardening part which gave it extra toughness. The largest deformation occurred at point 3. 
Cold-rolled steel is able to take largest force before deforming. Since it has high carbon proportion, it becomes brittle, meaning it does not hold large load to undergo hardening part. After the yieding point, it breaks shortly after. The overall toughness is not very high. The largest deformation occurs at point 5 which is the middle of the steel.
Aluminium is very soft comparing to other two candidates. Indicated by graphs, it does not have a obvious yielding point, but the graph tends to bend like a curve. Also, its stain and stress are all lower than steels, both hot-rolled and cold-rolled. All calculations shows its data are also tend to be lower than steels. However, it deformed least which means the area deduction and elongation are both the lowest. 
[Error Source]
	In this lab, while the aluminium rod was being operated on the testing machine, it was placed somewhat slantwise, which had therefore caused the aluminium rod to break with an unexpected breaking gap. However, although the difference might not be very noticeable, it still could make a difference to the result of deformation, because the strain gauge, which is the apparatus to capture the information of deformation via its sensors and transfer it to a computer, was set parallel to the slantwise aluminium rod, but the deformation happened in the rod was happening vertically since the tensile machine only generated vertical tension to the rods during this experiment.
	Moreover, for the first metal rod tested in the experiment, we did not use robber kit to stabilize the strain gauge. Hence the gauge might had been moved while the testing process was ongoing. Although the error that made by this source might become almost negligible or even null, it is always good to have all small steps settled as perfectly as possible. In our lab, this did not happen, but it does not mean it is not a potential failure that can lead to a re-do of the experiment.

Conclusion 
Overall, this lab can be said a success. We completed all the steps we required, and therefore are able to acquire all our objectives, which are: the stress-strain relationship, proportional limit, yield stress,  Young’s modulus of elasticity, modulus of toughness, modulus of resilience, rupture strength, tensile strength, percent elongation and reduction in cross-sectional area of each specimen. We have learnt that every material has its advantage and weakness. In order to know which material(s) should be used for a specific usage, engineers must know their properties.
[bookmark: _GoBack]
 For hot-rolled steel, it is easy to deform but can withhold great load; for cold-rolled steel, brittle but can take the largest load before rupture, aluminum deformes least but withstand least of force as well.
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σ -stress N/mm^2




Stress vs. Strain [Cold-rolled Steel]
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σ -Stress
N/mm^2





Stress vs. Strain [Aluminium]
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σ -Stress
N/mm^2





%E of All Three Metals

Alum.	1	2	3	4	5	6	7	8	9	7.7260055754679469	9.9960175228992512	8.4394904458598621	10.270700636942667	10.259481037924152	26.786427145708586	10.57040287195851	9.8883572567783116	8.5828343313373185	Hot-rolled steels	1	2	3	4	5	6	7	8	9	17.7445432497979	24.027276373846778	17.368632170076221	15.356856455493176	15.356856455493176	15.443241075010034	17.022116903633485	45.831687080205477	23.366733466933876	Cold-rolled steels	1	2	3	4	5	6	7	8	9	0.68576038725293142	0.84711577248891035	0.36304961678095954	1.5600000000000023	0.79968012794881749	0.84000000000000341	7.9968012794880333E-2	3.996802557954262E-2	16.911705952856572	
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