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SECTION A (Total: 40 marks)

.AnswerALLquesﬁons.
Please use the answer booklet provided.

A plot of the results produces a curve célléd"fhe stress—strain diagram can be effectively

used for behaviours for all materials. This concept is |mportant to know when deal with
engineering matenals field. s

'.(a) From the sketch. of Stress—Sifam dlagram gaven expiam the behawour for A-B, B-C,
C-D and D-E
Refer Below- Figure1 : Stress-Strain Diagramfarsm; s

(10 marks)

5 * Figure 1: Stress-Strain Diagram for Steel
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(b)  The mechanical properties of a material have up to this point been discussed only
for a static or slowly applied load at constant temperature. In some cases, however,
a member may have to be used in an environment for which loadings must be
sustained over long periods of time at elevated temperatures, or in other cases, the
loading may be repeated or cycled. Describe with an example for items below;

- Creep failure -
.= Fatigue failuré "

(10 marks)
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Question 2

One of the most important tests to perform in this regard is the tension or compression test.
Although several-important mechanical properties of a material can be deiermined from this
test, it is used primarily to determine the relationship between the average normal stress
and average normai straln in many engmeermg materials such as metals ceramics,

£ golyrmefs . and:composites: T6: gertormia’ ‘miechanical testing for tension or compresé‘imv g

testing, a specimen of the material is made into a “standard” shape and size. Their
mechanical properties need to be tested by using Universal Testing Machine (UTM).
mm-szwdememW .

movable |
upper. .-
;:msshead .

| motor
r-andload
controls

Figure 2: Universal Testing Machine Overview

CIRE Explain the ¢onimon term’s in mechanical chracteristic of materials as Tollows with
their formula;
- Engineering Stress
- Engineering Strain
- Ultimate Stress
(5 marks)
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(b) Sketch the Stress - Strain diagram for steel material including indicate the elastic
behaviour, plastic behaviour and ultimate strength before raptured.
{10 marks)

{c) From b)-describe the characterstic for steel material including md:cate the elastic-

ey 4.:_ _»“-.A. X, ,y_ P

o (5 marks)

LGB25103 MECHANICS OF MATERIALS Page 4 of 10



Ve g Tt

CONFIDENTIAL

e 98212481

SECTION B (Total: 60 marks)

Answer THREE (3) questions only.
Please use the answer bookiet provided.

Materials and metallurgical engineers, on the other hand, are concerned with producing and
fabricating materials to meet service requirements as predicted by these stress :
analyses.This .necessarily involves an understanding of the relationships between the
microstructure {i.e., internal features) of materials and their mechanical properties. Materials
are frequently chosen for structural applications because they have desirable combinations
of mechanical characteristics. The present discussion is confined pnmanly to the
" mechanical behavior. of metais poiymers and ceramics are treated separateiy because they
are, to a large degree, mechamcally different from métals.This chapter discusses the
stress—strain behavior of metals and the related mechanical properties, and also examines
other important mechanical characteristics.

(@)  Describé the following mechanical tesiing for all materials with it.application; "~
- Tensile testing properties
- Compressive testing properties

(8 marks)

(b) Arioth;érg..importantpyoperty of a material is the modulus of ibuQHhes_s, .. Sketch
and describe the behaviour of modulus toughness. ’
. (4 marks)

(c) An aluminum. fod has a circular cross section and is subjected to an‘axial load of 10
kN. Determine the norma! stress for each segment,;
R BC B ;g R e ! - T sl L !

Refer Below - Figure3 : Aluminum Rod Cylinder .
(8 marks)
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Figure 3: Aluminum Rod.Cylinder...:- -

R I
PRI
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Question 2

It is important to choose the right material for any job that we pursue. Not choosing the right
material can cause unintended consequences like metal whiskers growing on metallic parts.
These consequences can lead to bigger disasters. Hence, it is important to understand the
classification .of materials. And understand their propertses and apphcatlons There are

i Y Ahousands of raterials available for dse in engmeenng apphcatxons Most tnaterials'faflifito

one of three classes that are based on the atomic bonding forces of a particular material.
These three classifications are metallic, ceramic and polymeric. Additionally, different
materials can be combined to create a composite material. Within each of these
classifications, materials are often further organized into groups based on their chemical
composition or certain physical or mechanical properties.. '

(a) Define the mechanical characteristics below with it examples ‘
- Duct:le materials
- Brittle materials
' {6 marks)

(b)  -Atension test was.petformed on & steel specimen having an original diameter of
0.503 mm. and gauge length of 2.00 mm. Using the data listed in the table, plot the
graph using a graph paper for the stress—strain diagram and determine
approximately the modulus of toughness

Refer Below - Tabie1 : Tensional Test Result for Steel .
| : {14 marks)
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Table 1: Tensional Test Resuit for Steel
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Question 3

The three-point bending flexural test provides values for the modulus of elasticity in

bending E,, flexural stress o, flexural strain, and the flexural stress—strain response of the
" material. This test is performed on a universal testing machine (tensile testing machine or

tensnle tester) with a three-point or four-point bend fixture. The main-advantage of a three-

v osig po:nt flexural test is fhe €ase ofthe-specimen preparauon and testlng However) thlswmethod X P b

has also some disadvantages: the results of the testing method are sensitive to specimen
and loading geometry and strain rate. :

(a) Data taken from a stress-strain test for a ceramic are given in the fable. The curve
_is linear between the origin and the first point. Plot ti_\‘e‘g'raph Stress-Strain diagram
- and determine approximately the modulus of ioughneés. The rupture stress is o, =

. 53.4kPa. : '
Refer Balow - Table2 ; Stress-Strain Ceramic Daia .
' (10 marks)

Table 2: Stress-Strain Ceramic Data

00@1 4

(b)  The acrylic plastic rod is 200 mm long and 15 mm in diameter. If an axial load of
300 N is applied to it, determine the change in its length and the change in its
diameter. Modulus elasticity, Ep = 2.70 GPa, Poisson Ratio's, u, = 04.

Refer Below - Figure4 : Acrylic Piastic Rod .
{10 marks)
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Pt il izt ATl Le? =,

e e e L e

* 200 mm: 4

Figure 4: Acrylic Plastic Rod

Question 4

Elastic properties describe the reversible deformation (elastic response) of a material to an
- applied stress. Elastic solids behave like springs, and it always takes the same amount of
“force to displace the material the same amount. The two parameters that determine the

elasticity of a material are its elastic modulus and its elastic limit.

(@) Define the Poisson's ratio in terms of lateral and axial strains using tension testing

condition.
{10 marks)
‘ (b) Explaiia the term for Shear Stress using Stress-Strain diagram ‘
' (5 marks)
(c) Explain the term for Shear Strain using Stress-Strain diagram
{5 marks)

END OF EXAMINATION PAPER
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Fandamental Equations of Mechanics of Materials
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Geometric Properties of Area Elements
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Average Meclispical Properiies of Tiypical Engineering Materialsh
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