72-6 The Tensile Test:Use Of The Stress-Strain Diagram

The tensile test is popular since the properties obtained could be applied to design different
components .The tensile test measures the resistance of a material to a static or slowly applied force.A
test setup is shown in figure (2-8),in which the specimen is placed in the testing machine and a force F,
called the load ,is applied .A universal testing machine on which tensile and compressive tests can be
performed is used -A strain gage is used to measure the amount that the specimén stretches between
the gage marks when the force is applied.Thus, what is measured is the change in length of the
specimen (Al) over a particular original length (lo) . Information concerning the strength,young smodulus
‘and ductility of a material can be obtained from such a tensile test.Typically, a tensile test is conducted
on metals, alloys,and plastics.Tensile teste can be used for ceramics, however ,these are not popular

because the sample may fracture while it is being aligned.
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2-7 Toughness  Zsiial v

Itis also known as work of fracture. It is a measure of the ability of a material to absorb energy up to
fracture .It is usually measured by the energy absorbed in a notch impact test[fig.(2-9)] ,but the area
under the tensile stress-strain up to the point of fracture is also a measure .Ductile materials are tougher
than brittle ones,fig.(2-10). -
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Impact lest

 An impact test is used to observe the mechanics that a
material will exhibit when it experiences a shock loading
that causes the specimen to immediately deform,
fracture or rupture completely.

e Purpose of impact testing:

To determine the ability of the material to absorb energy
during a collision. This energy may be used to determine
the toughness, impact strength, fracture resistance, impact
resistance or fracture resistance of the material depending
on the test that was performed and the characteristic that is
to be determined. These values are important for the
selection of materials that will be used in applications that
require the material to undergo very rapid loading
processes such as in vehicular collisions.




e Types of Impact tests:

For a single impact test the three most popular types
of test are the Charpy V-notch test, the 1zod test and
the Tensile Impact test. These three tests all
essentially determine the same characteristics of the
material but differ in the orientation of the test sample
which causes the sample to be stressed in different
directions and involve a known weight released from a
known height colliding with the specimen In its test
fixture. All of these tests are useful in determining the
Impact mechanics of the test specimen.




« Types of materials for impact testing:

Nearly all materials may benefit from impact testing,
but the most common types used are metals, plastics,
woods, composites, ceramics, and polymers.
Generally these materials take the form of sheets of
varying thicknesses or short rods depending on the
test. However, most materials will experience either
ductile or brittle failure depending of the type of test,
the rate of loading and the temperature of the sample.
Brittle failure of a material requires a small amount of
energy to begin the crack or to cause the crack to
grow until the sample fails. On the other hand, ductile
fallure of a material requires a much higher load to
Initiate and propagate the crack until failure.



2-8 The Bend Test For Britt|e Materials

In many brittle materials ,the normal tensile test cannot easily be formed because just placing a brittle
material in the grips of the tensile testing machine ,causes cracking . These materials may be tested

using the bend test [fig(2-11)], By applying the load at three points and causing bending. The flexural
strength or modulus of rupture, describes the material s' strength:
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Flexural strength = .:E-E””.;' “”é mj\
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The results of the bend test are similar to the stress-strain curves, however, the stress is plotted versus
deflection rather than versus strain[fig(2-12)]. The modulus of elasticity in bending, or the flexural
modulus (Eyeng) , is calculated in the elastic region of figure (2-12)

LF
4w S

6 —is the deflection of the beam when 3 force Fis applied

Flexural modulus = Epeiq =
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Figure 2<% (a) The three-poirt bend test often used for measuring the strength of brittle
mateqals, and (b) the deflection J obtained by bending.
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EXAMPLE PROEBLEM &. 2

Computation of Load to Produwuce Specified
Diameter CThange

A tensile stress is to be applied along the long axis of a cylindrical brass rod
that has a diameter of 10 mm (L4 in ). IDetermmine the magnitude of the load
reguired to produce a 2.5 > 10 ¢ mm (10 * in.) change in diameter if the
deformation is entirely elastic.

Sofw Efoare

This deformation situation is represcsnted in the accompanying drawing.
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When the force Fis applied., the speciman will elongate in the =z direction and
at the same time experience a reduction in diameter, Ad, of 2.5 > 107 mm in
the x» direction. For the strain in the » directicomn.

A e — 2.5 = 10 * mm

_ - — —2.5 = 10—
“x o 10 mumn

which is megative, since the diameter is redwuced.



It next becomes necessary to calculate the strain in the z direction using
Equation 6.8. The value for Poisson’s ratio for brass 1s (L34 (Table 6.1), and thus

€ (—2.5 % 107
== - =735 x 10~
“«= 0.34

The applied stress may now be computed using Equation 6.5 and the modu-
lus of elasticity, given in Table 6.1 as 97 GPa (14 x 10° psi), as

o = eE = (7.35 x 107%)(97 % 10" MPa) = 71.3 MPa
Finally, from Equation 6.1, the applied force may be determined as

FAY.
F=ﬂﬂu=ﬂ(?n)ﬂ'

10 % 10" m
2

;
= (71.3 x 10° Hfml}{ )i‘l’ = 5600 N (1293 Iby)



2-10 The modulus of resilience

IS defined as the maximum energy that can be absorbed
per unit volume without creating a permanent distortion. It
can be calculated by Integrating the stress-strain
curve from zero to the elastic limit. In uniaxial tension,
under the assumptions of linear elasticity:

U =0/, /2E =o0y*& /2

where U is the modulus of resilience, oy is the yield
strength, & is the yield strain, and £ is the Young's
modulus. This analysis is not valid for non-linear elastic
materials like rubber, for which the approach of area under
the curve till elastic limit must be used.
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 The area under the linear portion of a stress-strain curve is the
resilience of the material

e U [=]N-m'm3
e U [=])m3



2-11 HARDNESS

Another mechanical property that may be important to consider is
hardness, which is a measure of a material’s resistance to localized
plastic deformation (e.g., a small dent or a scratch).

Hardness tests are performed more frequently than any other mechanical
test for several reasons:

1. They are simple and inexpensive—ordinarily no special specimen
need be prepared, and the testing apparatus is relatively
inexpensive.

2. The test is nondestructive—the specimen is neither fractured nor
excessively deformed; a small indentation is the only deformation.

3. Other mechanical properties often may be estimated from hardness
data, such as tensile strength.



*Brinell Hardness Test

“The Brinell hardness has the units of stress( Kg/mm?).

-A Brinell hardness number can be obtained in just a few mjnutes with no prepargtion of the specimen
and without breaking the component.

]

-Both tensile strength and hardness are indication of a metal s resistance to plastic deformation .Brinell
hardness provides a close approximation of the tensile strength.For most steels,the HB and tensile
strength are related according to

TS (psi) =500 x HB

*Rockwell Hardness Test

-It uses a small-diameter steel ball for soft materials and a diamond cone for harder materials

-The depth of penetration of indentor is automatically measured by the testing machine and converted
to a Rockwell hardness number(HR)



The Rockwell tests

The Rockwell tests constitute the most common method used to measure
hardness because they are so simple to perform and require no special
skills.

Several different scales may be utilized from possible combinations of
various indenters and different loads, which permit the testing of virtually
all metal alloys (as well as some polymers).

Indenters include spherical and hardened steel balls for soft materials and
a conical diamond indenter, which is used for the hardest materials. With
this system, a hardness number is determined by the difference in depth of
penetration resulting from the application of an initial minor load followed
by a larger major load; utilization of a minor load enhances test
accuracy.HR has no units and can not be related to strength of metals and
alloys.



Two other hardness-testing techniqgues are Knoop and Vickers
(sometimes also called diamond pyramid).

For each test a very small diamond indenter having pyramidal
geometry is forced into the surface of the specimen.

Applied loads are much smaller than for Rockwell and Brinell, ranging
between 1 and 1000 g.

The resulting impression is observed under a microscope and
measured; this measurement is then converted into a hardness
number .

Careful specimen surface preparation (grinding and polishing) may be
necessary to ensure a well-defined indentation that may be accurately
measured.

The Knoop and Vickers hardness numbers are designated by HK and
HV, respectively.

Knoop and Vickers are referred to as micro indentation-testing
methods on the basis of indenter size. Both are well suited for
measuring the hardness of small, selected specimen regions
furthermore, Knoop is used for testing brittle materials such as
ceramics.



of the indent. Hardness is measured by different hardriess techniques: Brinell, Vickers, Rokwell,
and Knoop tests. ' '

Table 9_-' Hardness Testing Techniques

Shape of Indentation Formula for
Test Indlenter Side View Top View Load Harclness Number”
Brinell 10-mm sphere "’1 D P . 2P
: HB = ————
of sweel or : tDID - ViF¥F - d¥
tungsten carbice .
Vickers Diamond P HV= I-Sﬁftf’!g‘fz
microhardness pyramid
Knoop Diamond P HK = l-i.ZF%"z'
mic rohardness pyramid ==
/P men .
b / t Hr= 4.00
Rockwell and Diamond 120° 0 kg
Superficial cone ( ? 100 kg tRoc kwell
Rockwell mdddin g ! 130 kg
diameter ~ &2 J )

steel spheres

15 kg
30 kg (Superficial Rockwell
45 kg
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Terslle strength (MFa)
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