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1. Objectives:

Study the behavior of high carbon steel under tensile forces in order to determine the yield point, the ultimate tensile strength, and the failure point.
2. Problem Approach:
We took a dog bone shaped high carbon steel specimen and subjected it to axial tensile forces using the Universal Testing Machine (UTM). The specimen is placed vertically between the two ends of the UTM in such a way the axis of the test specimen coincides with center lines of the heads of the testing machine. Moreover the extensometer gave the required data (Force and elongation) to study the elongation, the yield stress, the fracture load, the modulus of elasticity…
3. Analysis and calculations:
The following properties were derived from a load-deflection:

· Yield Point Stress:  

σ y = F/A0  = 50848/(πr2) = 50848/(π4.52 mm2)


                = 799.6854MPa.
· Proportional Limit Stress:

σpl = F/A0 = 40082/(πr2) = 55200/(π4.52 mm2)

                 = 630.368MPa.

· 0.2% Offset Yield Stress:

σ0.2%y =579.755Mpa                           

· Ultimate Tensile Strength:

 
σult = Fult/A0  = 53300/(πr2) = 53300/(π*4.52 mm2)


                = 837.8231 MPa.

· Engineering Fracture Stress = Fracture load/original area

                                                   = 52767/(π*4.52 mm2)

                                                   = 829.44 MPa

· True Stress :

     σT = F/A = σ(1+ε)

· True Fracture Stress = Ffr/Ai =52767/61.645=855.98Mpa 

Or another way,                                  
=stress*(1+strain at fracture)                  

=855.983255*(1+0.031537426)=882.9787            

· True Strain = εT = ln(1+ε). See the table.
· Percent Elongation of L “Gage Length” = 0.801/25*100

                                                                      =3.204% 

· Elasticity: using linear regression(taking different points on the linear part of the stress strain diagram) we get 

     E=slope of initial linear part of the stress strain curve

        =468.654GPa

· Modulus of resilience

     Ur= σy2/2E=0.8531Mpa 

· Modulus of Toughness: 
     area under entire stress-strain curve:

Dividing the area under stress-strain curve into trapezoidal areas and summing them up we get: 

                     Ut =24.62876Mpa

· Energy at yield=b*h/2

                             = 40082*0.099/2=1984.059.
· Energy at break: area under entire load deformation curve:

                     E=39172.04J
· Percent elongation=Lf-L0/L0*100=3.204%

· Percent reduction in area=(Afo-Ago)/Ago*100

                                             = (63.617-61.645)/63.617 * 100

                                             =3.1%

                         
Afo= F/σT = 52767/855.9833=61.645mm2
4.Observations:

The specimen is stretched at a constant rate by the UTM. After a while, the specimen breaks producing a high breaking sound. The modulus of elasticity of this material is found to be 468.654GPa.
We did not observe necking in the specimen (the change in area is very small also in calculations 3.1%)

5. Conclusion:

From the stress-strain curve we notice that the larger part of the curve goes upward sloping until it breaks which shows that there was little plastic deformation. So we conclude that the material is brittle.
	Low carbon steel
	High carbon steel

	Necking then fracture.
	Sudden fracture.

	After fracture one end was concave and the other was convex.
	Propagation of crack lines from a breakpoint.

Surface of fracture is flat and rough.



	Large plastic part.
	Small plastic part.


6. Appendix:
              a) Force elongation
	Elongation(mm)
	Force(N)

	0
	53

	0.001
	640

	0.003
	7249

	0.03
	21213

	0.077
	35285

	0.131
	45518

	0.278
	52341

	0.425
	53140

	0.558
	53300
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b) Stress-strain:
	strain
	stress

	0.00012
	113.94

	0.001
	308.2993

	0.1544
	834.4389

	0.02148
	837.7869

	0.03204


	829.409
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c) True Stress strain
	True strain
	True stress

	0
	0.833071

	4E-05
	10.06013

	0.00247
	474.5314

	0.004032
	646.0134

	0.008048
	805.7034

	0.031537
	855.9833
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d) This graph is used to calculate 0.2% -Offset Yield Stress:
[image: image4.emf]strain-stress curve
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