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I. Objective :
The second experiment aims at studying the behaviour of a high carbon steel specimen when applying normal forces. This experiment is similar to the first experiment but with a different testing specimen. This test will lead us to the determination of key mechanical concepts such as the yield point, the ultimate tensile strength, and the failure point. Besides, we will be able to compare the results of both experiments to know the effect of carbon content on the ductility, brittleness, and other characteristics of the material.
II. Problem Approach :
To perform the experiment, we used a dog-bone shaped high-carbon steel specimen of a total length of 200mm, length of the narrow section of 80mm,  inner diameter of 9 mm, outer diameter of 16mm , gage length of 25mm and radius of fillet of 2mm. We put the specimen in the Hounsfield Universal Testing Machine (UTM), by putting it between the grips of the machine. We move the grips apart at a rate that produces the strain rate; in our case, the strain rate is 3mm/min. The grips insure that the forces will be pure axial forces because the axis of the specimen should coincide with the centrelines of the heads of the testing machine through which the forces are applied. Any bending or deviation will produce bending stresses.

Before placing the specimen in the machine, we weak point across its centre to ensure that the breakage will occur across it. In order to determine the elongation of the specimen, we place an extensometer that measures the change in length, and outputs the data to the computer.

When the UTM starts applying the forces, the test specimen starts extending until it reaches the maximum point, but, in this experiment the fracture load is approximately the maximum load. In the first experiment on low carbon steel, after reaching the maximum load, the specimen continues extending and then breaks.
III. Calculations :
• Proportional Limit Stress:
Stress value at which the stress-strain curve goes nonlinear.

σpl = 479.41MPa  
• Yield Point Stress:
Stress value at which the stress-strain curve goes horizontal.

σy = 747.41MPa 
• 0.2%-Offset Yield Stress:

The stress value at which a line drawn with slope E starting at 0.002 strain intersects the stress-strain curve.

 σ0.2%y = 480.98MPa

• Ultimate Tensile Stress:
Largest stress on the stress-strain curve
 σult = 750.55MPa 
• Engineering Fracture Stress = fracture load / original area = 
= 47250/(6.362*E-5)= 742.691MPa
• True Stress = σT = F/Ai = σ (1+ ε ) Refer to fig.5 in Appendix
• True Fracture Stress = fracture load / fracture area =Ff/Ai = 
= 832.6725MPa
• True strain = εT = ln (Li /L0) = ln(1+ε) Refer to Fig.5 in Appendix
• Modulus of Elasticity:
Slope of initial linear part of the stress-strain curve.

 E = 1*E11 Pa
• Modulus of Resilience: 
Area under the elastic portion of the stress-strain curve
Ur = σy2/2E = 2.793 MPa
• Modulus of Toughness:
 Area under the entire stress-strain curve
Ut = (52.39+13.5)*E6 = 65.9 MPa
• Energy at Yield: 

Area under the elastic portion of the load-deformation curve 

= 1625.4
• Energy at Break:
 Area under the entire load-deformation curve 
=106.7*E3
• Percent Elongation = (Lf - Lo) / Lox100%= (2.832/80)*100 = 3.54%
• Percent Elongation of L" Gage Length = δLG/ LG x 100%
 = (2.832/25)*100=11.33%
• Percent Reduction in Area = (Af0 -AG0) / AG0 x 100%
= (Df2-D02)/ D02=(8.52-99)/(92)= - 10.8%  
IV. Calculation Analysis and Comparison:
By observing the numbers obtained by calculation in the second experiment on high carbon steel, we notice a big difference knowing that we are using the same material (steel) but with different carbon content. Thus, the difference lies in the carbon content of each material. 
The most important difference is in modulus of elasticity. In low carbon steel, it is 2*E11, while in high carbon steel it is 1*E11. Thus, low carbon steel is more elastic or ductile than high carbon steel. We can notice it also from the elongation of gage length that is bigger in the low carbon steel.

Besides, the modulus of toughness is lower also in high carbon steel. Knowing that it is the work needed by the material to resist failure, we can conclude that it is more brittle. This is shown also in the fact that for high carbon steel, the maximum load and the fracture load are nearly the same. While for low carbon, we observe necking before failure occurs. Moreover, the high carbon steel is more resistant to plastic deformation since it has a higher modulus of resilience (high carbon: 2.793MPa, low carbon: 1.202MPa).
 Thus, the increase in the carbon content in steel makes it less ductile, more brittle, and harder since the yield stress increases. This is explained by the role of carbon that prevents dislocations within the material decreasing the deformation and making it less ductile.
V. Observations:
The specimen elongated at a constant rate at the beginning of the experiment and then becomes slower. During the experiment, we started hearing some cracking voices because the grips were trying to get a firmer grip of the specimen and then the specimen breaks and makes a loud sound but not as loud as the sound heard in the first experiment. The two parts have around the same diameter where the specimen breaks and if one looks at the new extremities, two colours will be visible, a dark gray and a brighter one, the dark surface feels smooth and is the place where failure first starts and propagates. The brighter surface feels a bit rough and has visible lines. This experiment is a destructive one because the specimen broke at the end of the experiment. So, the failure occurs because of the crack propagation.
VI. Conclusion:
If you refer to the stress- strain graph (Fig.2 in appendix), it reveals that the used specimen is more brittle and less ductile than the specimen of the first experiment since it didn’t elongate as much before it broke. And thus we can conclude that presence of a higher carbon percentage in the steel renders it less ductile and more brittle. This is due to the fact that the carbon atoms are smaller than the steel atoms and become interstitial atoms between small gaps between the steel atoms in steel and thus they impede dislocation movement and propagation and thus the specimen becomes more brittle. This experiment is a destructive one because the specimen broke at the end of the experiment and the two sides had a similar diameter.
Appendix
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[image: image2.png]Fig.2: Stress-Strain Curve
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[image: image3.png]Fig. 3. microstructure of low carbon steel
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[image: image5.png]Fig.5: True Stress-True Strain Curve
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