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1.

Abstract


The simple experiment effectively examines the tensile properties of steel and brass by tensile testing according to British Standard 18.


In the experiment, two specimen metals of steel and brass are subjected to an applied load by means of an extensometer, and a graphical record reflective of their respective material properties may be obtained at the end of the experiment. From the graphs, certain tensile properties like the ductility and strength may be easily deduced and calculated.

After certain manipulations with the experimental data, results of the experiment show a significant difference in the tensile properties of the two metals used. From the results, accurate comparison between the two metals may be made in respects of the values of their modulus of elasticity, limit of proportional stress, yield or 0.2 % proof stress, ultimate tensile stress, percentage elongation and percentage reduction of cross-sectional area.


Such tensile testing greatly aids designers and engineers in making important decisions about the materials they may want to use so that precise stress levels will be taken into account for different applications.

2.

Introduction

When designing a component, a designer or an engineer has to make a decision about which materials to be used for which parts. Certain properties like the ductility and strength may be taken into consideration depending on the requirements of the structure which he is building. In most instances, a wrong material chosen may result in an unnecessarily high cost or even cause the resulting component to be unsuitably unstable. In order to gauge the properties of the various materials, testing of the materials are conducted.


Such tests may be conducted in very different ways. It may be carried out using simple workshop methods (which is the method used in this experiment) or by other highly sophisticated methods that are usually employed by highly qualified technicians.


In fact, there are many kinds of tests (e.g. flexural tests, shear tests, compressive tests, etc), each catering to different needs and requirements. Properties such as cavities, inclusions, ductility and strength may be derived through various tests that may reflect the required information. Tests are also conducted in some cases to examine the performance of a certain material in specific operating conditions. In this report, the tensile test is conducted and discussed in detail. Specifically, specimens of steel and brass are tested for their ductility and strength with the use of an extensometer.

3. 
Objective

The objective of this experiment is to determine the following material properties of given round metal bars (namely steel and brass) by tensile testing according to British Standard 18:

a. Modulus of Elasticity

b. Limit of Proportionality Stress

c. Yield or 0.2 % Proof Stress

d.
Ultimate Tensile Stress
e.
Percentage Elongation
f.
Percentage Reduction of Area

4.

Test Program

4.1 The following equipment and materials are essential in this tensile test:

a. 1  Extensometer 

b. 1  Steel Specimen (Specimen A)

c. 1  Brass Specimen (Specimen B)

d. 1  Vernier Calipers

e. 2  Graph Paper

4.2
a.
Using   vernier   calipers,   measure   the   initial   lengths   and  
diameters  of   the   steel  and  brass specimens. Take three raw  
readings  and  obtain an average reading for the original length 
L1 (mm) and original diameter d1 (mm).

b.
Wrap and clip a piece of graph paper onto the recorder drum of the extensometer. (Refer to Figure 1 on Page 6 to locate the various components of the extensometer for subsequent parts)

c. Select the correct chucks for the Specimen A (steel). If one of the chucks used is an “A-chuck”, make sure that the other chuck is also an “A-chuck”. Close the chucks around its ends and pin the specimen onto the attachments using the chuck pins. Turn the handwheel of the extensometer until the empty space and backlash in the screws are taken up so that the specimen is not loosely fixed.

d. Check the mercury column to ensure that there is no air trapped in it. Then move the mercury adjuster to the zero scale mark.

e. Adjust the cursor of the recorder drum to coincide with the zero mark of the scale along the Veridia glass tube, making use of the small magnifying glass above it when necessary. Then adjust the pointer of the cursor to make a dot at the intended origin of the graph paper. 

f. Turn the small movement handwheel to apply load to the specimen, and take recordings on the graph paper by moving the cursor along with the mercury reading and poking the pointer onto the graph paper at appropriate intervals (2 turns are recommended). Smaller increments (1 turn) are taken near the yield load. Carry on until the specimen fractures.

g. Using vernier calipers, measure the final length L2 (mm) by taking three raw readings and finding the average. Also measure the final diameter d2 (mm) where it is the narrowest.

h.
In the similar manner, repeat steps b to g for Specimen B (brass).

Figure 1 - Details of an Extensometer

5.

Test Results

5.1 Readings for original length L1 and original diameter d1:

Reading, r (mm)
r1
r2
r3
Average

Specimen A (Steel)

Initial length, L1
25.80
26.26
26.20
26.09

Initial diameter, d1
5.00
5.00
5.00
5.00

Specimen B (Brass)

Initial length, L1
27.00
26.98
27.06
27.01

Initial diameter, d1
4.92
4.92
4.92
4.92

5.2
Readings for final length L2 and final diameter d2:

Reading, r (mm)
r1
r2
r3
Average

Specimen A (Steel)

Final length, L2
34.04
34.40
34.22
34.22

Final diameter, d2
-
-
-
2.46

Specimen B (Brass)

Final length, L2
29.42
30.36
30.06
29.94

Final diameter, d2
-
-
-
4.16

5.3
The values of original cross-sectional area A1 and final cross-sectional area A2 are deduced from the above:

For Specimen A (Steel),

A1 = (d1/2)2 = (5.00/2)2 = 19.63 mm2





A2 = (d2/2)2 = (2.46/2)2 = 4.75 mm2
For Specimen B (Brass),

A1 = (d1/2)2 = (4.92/2)2 = 19.01 mm2





A2 = (d2/2)2 = (4.16/2)2 = 13.59 mm2
5.4
Graphs obtained from the experiment:

Figure 2 – Graph of Load, P / kN against Extension, L / mm 

for Specimen A (Steel)

Figure 3 – Graph of Load, P / kN against Extension, L / mm 

for Specimen B (Brass)
5.5 From  the  graphs (Refer to Figure 2 and Figure 3 on Page 8),  the  following  results  may  be obtained:

i.
For Specimen A (Steel):

a. Limit of Proportionality Stress 

= Ppl / A1 = (5.2  103) / 19.63 = 265 N/mm2
b. Yield Stress
= Py / A1 = (6.2  103) / 19.63 = 316 N/mm2
c. 0.2 % Proof Stress is not available.

d.
Ultimate Strength


= Pult / A1 = (6.6  103) / 19.63 = 336 N/mm2
e.
Modulus of Elasticity
= P / A1 = (4.0  103) / 19.63 = 1.96  105 N/mm2
    / L1      (10/16/23) / 26.09

f. Percentage Elongation
= (L2 – L1) / L1  100 %

= (34.22 – 26.09) / 26.09  100 % = 31.2 %

g. Percentage Reduction of Area
= (A1 – A2) / A1  100 %

= (19.63 – 4.75) / 19.63  100 % = 75.8 %

ii. For Specimen B (Brass):

a.
Limit of Proportionality Stress 

= Ppl / A1 = (8.0  103) / 19.01 = 421 N/mm2
b. Yield Stress is not available.

c.
0.2 % Proof Stress
= Pp / A1 = (8.4  103) / 19.01 = 442 N/mm2
d.
Ultimate Strength


= Pult / A1 = (9.8 103) / 19.01 = 516 N/mm2
e.
Modulus of Elasticity
= P / A1 = (7.6  103) / 19.01 = 1.12  105 N/mm2
    / L1      (20/16/13) / 27.01

f.
Percentage Elongation
= (L2 – L1) / L1  100 %

= (29.94 – 27.01) / 27.01  100 % = 10.8 %

g.
Percentage Reduction of Area
= (A1 – A2) / A1  100 %

= (19.01 – 13.59) / 19.01  100 % = 28.5 %

5.6 In summary, the following table may be tabulated:

Specimen
A (Steel)
B (Brass)

Limit of Proportionality stress (N/mm2)


265
421

Yield Stress (N/mm2)


316
-

0.2 % Proof Stress (N/mm2)


-
442

Ultimate Strength (N/mm2)


336
516

Modulus of Elasticity (N/mm2)


1.96  105
1.12  105

Percentage Elongation (%)


31.2 %
10.8 %

Percentage Reduction of Area (%)


75.8 %
28.5 %

Figure 4 – Summary of Test Results

6. Discussion
6.1 Discuss the fracture of the different materials.

Tensile fracture refers to the physical breaking of a material when subjected to a load under a constant pressure. In this experiment, the two specimens used, namely steel and brass, underwent tensile fracture as they were subjected to a controlled load until they finally broke.  In particular, the steel specimen underwent a ductile fracture while the brass specimen underwent a brittle fracture.


In the case of the steel specimen, the specimen went through a relatively large elongation before it broke (Refer to Figure 2). Also, the cross-sectional area has been significantly reduced after the experiment. At the instant when the specimen broke, a soft and low pitch was heard, and under careful inspection, it could be noted that the fracture surface was rough and dimpled. These are all characteristics of most ductile fractures (e.g. poly-crystals). 


In the case of the brass specimen, the specimen went through a relatively short elongation before it broke (Refer to Figure 3), and the reduction in its cross-sectional area was small. At the point of breakage, a considerably loud and high pitch was heard, and after examining the broken specimen, it may be observed that the surface of fracture was sharp and crystalline. These are the characteristics of most brittle fractures (e.g. glass).

6.2
Compare stress-strain curves of the different materials. Relate the properties to the utilization of the materials.
Several conclusions about the tensile properties of a material may be drawn from the comparisons of its stress-strain curve so that different materials are used differently with respect to their difference in tensile properties. In this experiment, the graphs obtained (Figure 2 and Figure 3) are reflective of the stress-strain relationship of the two specimens. 

Ductility may be derived from a stress-strain curve by obtaining the area under the curve, and it is measure of the total amount of energy accumulated in the material just before its tensile failure. Thus a larger area under a stress-strain curve will directly imply a larger amount of energy stored in the material before fracture. In this experiment, it may be observed that the area under the stress-strain curve for steel is relatively larger than that for brass. This implies that steel is capable of accumulating more energy in itself before its tensile failure, and that it is more ductile than brass, while brass is more brittle. In instances where ductility is of essence to the operation, ductility is taken into consideration. For precision,  engineers constructing small gear wheels will wish to choose a more ductile material so that minimum wear may be enforced and a greater accuracy is ensured. If given a choice between steel and brass, the engineer will definitely choose steel over brass since steel is a more ductile material.


Yield point refers to the point where a material stops elongating at a linear relationship with a change in load, and it is a measure of the resistance towards plastic deformation. Yielding is caused when the load to overcome the intermolecular secondary forces is less than that required to break molecular bonds. The molecules begin to uncoil and slip past each other. The material will continue to elongate until so much molecular orientation has occurred that the load begins to be resisted by primary molecular bonding. At this point the load carrying capacity will increase until the primary bond strength is exceeded and the material undergoes rapid brittle failure. In this experiment, both the specimens underwent a linear relationship between elongation and load before the yield point (or 0.2 % proof stress). This means that both materials obey the Hooke’s Law before the yield point is reached. In the case for steel, stress decreases after the point of yield stress and then gradually increases to a peak at the ultimate stress point. For brass, its stress increases after the yield point until its point of ultimate stress is reached. It has no yield stress, and 0.2 % proof stress is usually used in considerations regarding the yield stress.  From the test conducted, it may be observed that the 0.2 % proof stress of brass is significantly larger than the yield stress of steel, thus implying a higher resistance towards plastic deformation for brass in comparison with steel. In machinery where a plastic deformation may cause a serious malfunction, a material with a higher yield point has to be chosen for the working mechanism.


Ultimate tensile stress is the maximum load (or ultimate load) which is reached under the prescribed testing conditions divided by the original cross-sectional area of the gauge length of a test piece. It is therefore the measure of the maximum stress which a material can possibly withstand without tensile failure. In this experiment, the ultimate tensile stress for brass is very much higher than that for steel. This indicates that brass is capable of bearing a larger engineering stress without fracture than steel. In constructions of mechanical devices like the crane, it is important that a material of higher ultimate tensile stress is used in consideration to the huge amount of weight that it is going to handle in the craning process.


Young’s modulus of elasticity is the ratio of load to the deformation of material resulting from the load, and it can be interpreted as the stiffness of a material, and it is also a measure of the resistance towards tensile deformation for the material. In this experiment, since the modulus of elasticity for steel is higher than brass, it can be concluded that steel is a stiffer material compared to brass, and that steel is also more resistant towards tensile deformation. In grounds where stiffness is of great importance, the modulus of elasticity has to be taken into consideration. For example, the materials used for the construction of public traffic lights and fences has to be stiff so that they will not be easily prone to the elemental and human damage. 

6.3
Are there any unexpected results? Comment on testing equipment used.
When comparing material properties, it is important to have equal testing rates, but also rates suitable for the type of materials. In this experiment, there are no unexpected results, but in general, unexpected results may occur due to the testing equipment used in the experiment.

Tensile testing is generally done on samples shaped like "dogbones”. The overall size of the sample is not nearly as important as the relative shape. The central third to half of the sample should be narrower than the ends. This assures that nearly all of the deformation will take place in the narrower section. This is important in producing accurate and repeatable data. The width of the narrow section or "gage" section should be as dimensionally uniform as the manufacturing method allows. Accurate data depends on the load being distributed uniformly throughout the gage section. If non-uniform, the true length in which deformation occurred would not be known and using the gage length in the calculations will produce erroneous values.

Surface defects and contamination are other common causes of erroneous tensile data. Nicks, scratches, bubbles, splay or other defects on the surface of test samples serve as an initiation site for fractures. As the test starts, stress builds uniformly throughout the gage section of the sample, as the molecules distribute the stress evenly among themselves. The molecules bordering a surface defect cannot distribute the stress to the molecules on the other side of the defect. 

Moreover, if the defect is solid contamination, the adhesive attraction of the molecules to the defect is low. The stress is channeled from the molecules bordering the defect to the molecules located where the defect stops. Concentration of the stress occurs where the two sides of the defect meet at 90 to the direction of loading. The stress will increase rapidly at the concentration point and primary molecular bonds will break. A crack will develop which will then serve as a defect itself and will propagate through the material by the same action that initiated at the original defect. The angle at which the two faces of the defect perpendicular to the load meet is important. If the angle is small, the defect is sharp, and the concentration effect will be greater. This is why bubbles or voids have less effect on reducing the strength of a material sample than a scratch. 

7.

Conclusion

The experiment conducted is a tensile test of the materials steel and brass conducted by means of an extensometer (Refer to Figure 5 below for other kinds of extensometers available for this purpose) in order to determine the tensile properties of the two materials.


From the experiment, it can be concluded that steel (a non-ferrous metal) is a more ductile and stiff material than brass (a ferrous metal), and brass has a higher ultimate tensile stress and resistance towards plastic deformation than steel. 

Such findings are pivotal to decisions  made by designers and engineers regarding the materials used in the construction of certain components, be it of mechanical engineering grounds or civil engineering purposes. Misuse of materials may lead to an incurrance of a high cost or cause fatal malfunctions of the components. On the other hand, tensile testing may be carried out to avoid these unnecessary mistakes so that the tensile properties of various materials may be meticulously analyzed.
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 A Bolt Extensometer    
               SM100 Universal Testing Machine

Figure 5 – Other types of extensometers not used in this experiment
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