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Objectives

The objective of this experiment is to measure the tensile properties of brittle metal and compare them to ductile material. We will use a High-Carbon Steel alloy as our specimen under study and apply a continuous load to it at a constant elongation rate (3 mm/min). The Hounsfield UTM testing machine gives us enough information to produce a load-deformation curve and thus stress-strain curve. We can also find the true stress-strain relationship. From these curves we find important properties:

· Yield point 

· Ultimate tensile strength.

· Failure point 

· Modulus of elasticity

· Modulus of toughness

· Resilience

· Ductility

· Energy at yield

· Percent Change in areas and length of specimen.

From this experiment, we observe the fracture behavior and the fracture surface. Finally, we compare the properties of brittle metal with ductile metal (experiment one).
 Problem Approach

To study the behavior of brittle material, the main measurements we need is the load-extension values. We want to observe the behavior of brittle material and how they fracture.
To perform this, we use the Hounsfield UTM testing machine. This machine is able to apply a force on our brittle specimen (made of high-carbon steel alloy) and present us the values of that force along with the corresponding extension made.
We reset the machine so previous values won’t interfere with our experiment’s results. The machine grips the specimen tightly to ensure that we only have tensile loadings. The specimen (shown in appendix, Figure.1) is elongated at a constant rate of 3 mm/min by an applied force forming extension along the gage length.

In this region, we know that the specimen shouldn’t undergo necking since it’s not ductile.  From the type of material (brittle- high carbon steel) we predict that the specimen will break and form a flat fracture surface. 
Using the Hounsfield UTM testing machine we get a load-deformation curve which gives us all the necessary information to determine the properties we intend to find about our specimen. So we conclude and list our observations after we analyze the specimen and calculate important values and compare them with the values we got for ductile material.

Note, in this experiment our specimen diameter (9mm) is less than the previous one (12.5mm) since high-carbon steel needs more force to break. Therefore, we have to decrease cross-sectional area to decrease the forces needed to deform specimen, and this is done since the Hounsfield UTM machine has a load limit of 100kN.

This process is a destructive process since our specimen is fractured and broken.
Analysis and Calculations:
We first graph the Load-Deflection Curve from the data gathered from the experiment (Graph one in appendix). 
The Diameter of cross sectional area= D = 9 mm = 9x10-3 m

Cross Sectional Area = AO = π D2/4 = π (9x10-3 m)2 /4 = 6.36172 x10-5 m2

AO is constant.

The data that we gathered from the experiment is the extension of the bar and the force that was applied to form that extension.

To get a stress-strain graph we need to plot stress vs strain.

Stress= load/area = F/ AO = σ

So we find the value of stress for each corresponding force.(check sample values in table 1)
Strain= deformation/ gage length = δL/LO = ε

where δL is the extension of the bar (in mm) which is given to us

and LO is the gage length. 

LO = 25 mm (constant value)

So, we compute the strain (shown in Table 1 in appendix) for each corresponding extension value given to us by dividing it by 25 mm.

Calculating the stress and strain, we their values and plot them producing a stress-strain graph (Graph 2 in appendix).

Proportional limit stress (σpl ): stress value at which the stress-strain curve goes nonlinear 

σpl =  483359846 Pa = 483.359846 MPa
Yield point stress (σY ) : stress value at which the stress-strain curve goes horizontal

Therefore σy =  477858189 Pa= 477.858189 MPa.
Modulus of Elasticity (E): slope of initial linear part of the stress-strain curve

If we add a trend line using excel, we can see that E= 2x1011 Pa 
To get a more precise answer we find the linear slope by calculation.

We consider the point at which the curve stops being linear is (0.00212, 485717699) and this is taken from the graph.

The initial point is (0, 160333998).

Therefore the approximate slope = (485717699 Pa- 160333998 Pa)/ (0. 00212- 0) 
= 1.534829 x1011 Pa

Therefore E= 1.534829 x1011 Pa = 153.4829 GPa

0.2% Offset Yield Stress: σ0.2%-Y : the stress value at which a line drawn with slope E starting at 0.002 strain intersects the stress strain curve.

Line drawn with slope E starting at 0.002:

Y=aX+b, where X=strain and Y=Stress

A= E=1.534829 x1011 Pa 

At X=0.002, Y= 0 
Therefore, 0 = (1.534829 x1011 Pa)(0.002) +b = 306965800 Pa +b

b= -306965800  Pa 
Y=(1.534829 x1011 Pa )X -306965800  Pa
taking two points to plot the line:

(0.002, 0)

At stress = 800000000 Pa, strain= 7.212307x10-3 
Plotting this line we get graph 7 in appendix:

The 0.2% offset Line intersects the stress-strain curve at (0.0052, 479445410 Pa) 
The stress at this point is 479445410 Pa.
So the 0.2% Offset Yield Stress = 479445410 Pa.

Ultimate Tensile Stress (σult ): largest stress on the stress-strain curve

Therefore, from graph we can see that σult = 753726979 Pa
Fracture Load = final force applied when specimen fractures or breaks
So for our specimen, from Load-Deflection Graph, fracture load = 47250 N

Engineering Fracture Stress = fracture load/original area = 47250 N/ 6.36172 x10-5 m2

 = 742.72366 MPa

True Stress (σT) = F/Ai = σ (1+ ε) 

True stress values that were calculated from stress values are shown in Table 2.

Volume1 = Volume2
Area1(length)1 = area2(length)2

(6.36172 x10-5 m2)(25 mm) = area2 (25 mm+2.94mm)

Therefore, area2 = 5.692304939 x10-5 m2 

True Fracture Stress = Fracture load/ fracture area = Ff/Af 
= 47250 N/ 5.692304939 x10-5  m2 = 830.067969 MPa. 
True Strain (εT) = ln (Li/L0)= ln(1+ ε)

True strain values that were calculated from strain values are shown in Table 2.

From the true strain- true stress equations and using the strain and stress values, we form another curve (true stress-true strain curve).

Modulus of Resilience (Ur) = area under the elastic portion of the stress-strain curve

                                              = (σy)2 /2E = (477858189 Pa)2/2(1.534829 x1011 Pa) = 743888.8918 Pa

Modulus of Toughness (Ut)= area under the entire stress-strain curve (graph 4)
From computer program,  area under graph= 68489025 Pa
Energy at Yield = area under the elastic portion of the load-deformation curve (graph 5)
                             =1097.1 Nmm= 1.0971 J
Energy at Break = area under the entire load-deformation curve

From computer program that calculates area under a curve:

Energy at break = 110985 Nmm = 110.985 J
Percent Elongation = (Lf-Lo)/Lo  x100 = (2.94mm)x100/200mm = 1.47 % 

Percent Elongation of L″ Gage Length = δLG/LG″ x100 = (2.94mm)x100/25 mm 
= 11.76 % 

Percent Reduction in Area = (Af0- AG0)/AG0  x100  

= 100(6.36172 x10-5 m2 – 5.692304939 x10-5  m2)/ 6.36172 x10-5 m2 = 10.5225%

Observations:

After examining our specimen, we gathered the listed observations:

· In contrary to the first experiment not much noise was heard between the grips of the machine and the specimen this is due to the relatively low force on which we were performing the experiment (max. of 48 KN for exp.2, max. of 86 KN for exp. 1).

· The specimen did undergo a brittle fracture with little deformation and no necking. So the fracture surface appeared flat, and this is consistent for brittle material. From experimenting on ductile material previously, we observed how the fracture surface represents a cup and cone rather than a flat surface. 

· We observed two types of surfaces on the broken specimen, one was dark and smooth the other was light and rigid. The dark region was due to slow initiation and development of crack, while the light region was due the rapid crack growth and failure.

· We did not observe dark and light surfaces for ductile material in our previous experiment, so we can conclude that crack initiation develops slowly for ductile material while for brittle material they start slowly then initiates instantaneously.

· The specimen gave out a loud sound at failure due to the release of the high energy that was stored. This occurred for the ductile specimen as well.

· There’s a difference in the stress-strain graphs for brittle and ductile material (graph 8 in appendix). At first both have a linear line representing the elastic behavior of the specimen, but after the elastic limit we observe a difference. The stress strain curve of the brittle material goes horizontal (yield point stress) for a while then forms a curve while the stress strain curve of the ductile material continues to form a curve from the linear line. This makes it harder to find the elastic limit for ductile material. We can see that the yield point stress and ultimate tensile stress for ductile material is the same, while the yield point stress is than the ultimate tensile stress for brittle material.
· After exceeding the elastic limit, the force needed to extend our brittle specimen increases unlike the ductile specimen in our previous experiment where the force needed to extend the specimen decreased after a maximum stress (evident in graph 8). This is because as the ductile material was deforming, the fracture area was decreases, making it easier for a lower force to break the specimen. As for our brittle specimen, it did not decrease its fracture area a lot so it still required more force to be able to break it.
· We can also see from graph 8 that more force is needed to fracture the brittle material even though it has a smaller area than the ductile material. Therefore, brittle material is harder than ductile ones implying that more carbon in a material strengthens the material (also makes them more brittle and less ductile).

Conclusion:
We have observed the difference in tensile properties of brittle and ductile material. Brittle material does not give room for much deformation, rather it breaks after a great force is applied to it. On the other hand, ductile material deform to a relatively large amount of deformation where cracks are slowly formed until the material fractures and breaks. 
From our restults, we found out that the more there is carbon in a material, the more brittle and less ductile it becomes.

Both materials (low and high carbon steel) have different uses and through studying their properties we find which are best in specific applications.
Like for example in gears. They are applied great forces that brittle material can withstand but need to be ductile enough so that the axis won’t break them. So from this experiment we can find an optimum solution since we know how each material acts, like we can combine both of them to form our gears where the outside is made of brittle material and the inside is made of ductile material.
The first two experiments in our lab made us understand brittleness and ductility with regard to behavior of material which has carbon present in it.
Appendix:

Graph 1
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Graph 2
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Graph 3
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 Graph 4:

[image: image4.png]<
S
]
S
(U]
£
2]
S
s
@
"
(%3
]
S
s
&

80000000
70000000
60000000
50000000
40000000
30000000
20000000
10000000

(ed)ssans





Graph 5
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Graph 6
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Graph 7
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Graph 8
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Table 1

	Extension(mm)
	Force(N)
	Strain
	Stress(Pa) 
	Extension(mm)
	Force(N)
	Strain
	Stress(Pa) 

	0
	10200
	0
	160333997.7
	1.013
	42650
	0.04052
	670416176.8

	0.008
	14700
	0.00032
	231069585
	1.02
	42700
	0.0408
	671202127.7

	0.015
	17300
	0.0006
	271939035.4
	1.028
	42800
	0.04112
	672774029.7

	0.113
	30300
	0.00452
	476286287.4
	1.163
	43850
	0.04652
	689279000

	0.12
	30400
	0.0048
	477858189.3
	1.17
	43950
	0.0468
	690850902

	0.128
	30450
	0.00512
	478644140.3
	1.178
	44000
	0.04712
	691636852.9

	0.263
	30700
	0.01052
	482573895.1
	1.388
	45350
	0.05552
	712857529.1

	0.27
	30700
	0.0108
	482573895.1
	1.395
	45400
	0.0558
	713643480.1

	0.278
	30750
	0.01112
	483359846.1
	1.403
	45400
	0.05612
	713643480.1

	0.413
	34250
	0.01652
	538376413.9
	1.463
	45700
	0.05852
	718359185.9

	0.42
	34500
	0.0168
	542306168.8
	1.47
	45700
	0.0588
	718359185.9

	0.428
	34700
	0.01712
	545449972.6
	1.478
	45750
	0.05912
	719145136.8

	0.563
	37000
	0.02252
	581603717.2
	1.688
	46500
	0.06752
	730934401.4

	0.57
	37200
	0.0228
	584747521.1
	1.695
	46500
	0.0678
	730934401.4

	0.578
	37350
	0.02312
	587105374
	1.703
	46550
	0.06812
	731720352.4

	0.713
	39200
	0.02852
	616185559.9
	2.063
	47400
	0.08252
	745081518.8

	0.72
	39400
	0.0288
	619329363.8
	2.07
	47400
	0.0828
	745081518.8

	0.728
	39550
	0.02912
	621687216.7
	2.078
	47450
	0.08312
	745867469.8

	0.863
	41150
	0.03452
	646837647.7
	2.925
	47350
	0.117
	744295567.9

	0.87
	41200
	0.0348
	647623598.6
	2.933
	47300
	0.11732
	743509616.9

	0.878
	41350
	0.03512
	649981451.6
	2.94
	47250
	0.1176
	742723665.9


Table 2

	true strain
	true stress(Pa)
	true strain
	true stress(Pa)
	true strain
	true stress(Pa)

	0
	160333997.7
	0.034787825
	673804568.6
	0.067845547
	785610495.3

	0.000319949
	231143527.2
	0.035096837
	674826839.3
	0.068144512
	786686776.5

	0.00059982
	272102198.8
	0.035367144
	677452009.8
	0.068406033
	786892538.5

	0.000919577
	313096269.6
	0.035675976
	678475758.1
	0.06870483
	787969542.8

	0.005703703
	480591538.1
	0.055169771
	754951868.4
	0.068966204
	788175524.9

	0.005982072
	480725338.4
	0.055434707
	755982658.8
	0.069264835
	788410932.9

	0.006300113
	480087334.9
	0.055737405
	756211527.7
	0.080657903
	808520337.3

	0.006578315
	481803191.6
	0.05600219
	757243009.8
	0.080953062
	808759014.9

	0.012244726
	491701741
	0.056304716
	759135076.7
	0.081211255
	809820300.2

	0.012521281
	502979697.3
	0.056569351
	760167690.5
	0.081506252
	810059229.3

	0.012837249
	515080229.9
	0.056871706
	760397565.4
	0.081764302
	810268292.2

	0.013113639
	520000565.9
	0.057136191
	760598706
	0.090023503
	822148098.3

	0.027225986
	629154065.3
	0.057438375
	761660997.3
	0.090315911
	822388536.4

	0.027537343
	631773671.3
	0.05770271
	762694994.4
	0.110932961
	830738165.2

	0.027809701
	632753877.9
	0.058004722
	762925372.4
	0.111183529
	830067969


Figure 1
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