THEORY & OBJECTIVE

Smeneth oF MATERIAL

By
Toamof

e Covers ESE, GATE, IAS, PSUs, DRDO, ISRO & other Technical Exams.
e Covers complete syllabus & all topics of ESE & GATE examination.
e Thoroughly revised, fully solved & error free book.

e Concise, concept oriented and topicwise presentation & authentic solutions.

ENGINEERS ACADEMY

*@~,
NP2 IES ¢ GATE * PSUs * JTO ¢ IAS * NET

CORPORATE OFFICE

100-102, Ram Nagar, Bambala Puliya, Tonk Road, Pratap Nagar, Jaipur-302033
Ph. : 0141-6540910, +91-8094441777
Website : www.engineersacademy.org | Email: info@engineersacademy.org

Ajmer | Jaipur | Kota | Jodhpur | Bhilwara | Delhi | Patna | Lucknow | LPU | Ludhiana | Jalandhar | Kanpur







. Conrents |

S.No. Topic Page No.
1. INrodUCHION ... —————————— 1-7
Practice Sheet ... 8-18
2. Axially Loaded MemDErS ... ssmnnnnns 19 -42
Practice Sheet ... ————————— 43 - 54
3. Shear Force and Bending Moment..........ccccoovmmmmmmmmnnnn s ssnnneees 55-74
Practice Sheet ... ———————— 75-94
4. Stresses in Beam ... 95 - 122
Practice Sheet ... —————— 123 - 142
5. Analysis of Stress and Strain ... 143 — 155
Practice Sheet ... —— 156 — 168
6. Theories of Failure ... 169 - 175
Practice Sheet ... ——— 176 — 182
7S e T - (o T o 183 - 205
Practice Sheet ... ——— 206 — 215
8. Deflection of Beams.........ccceumiiiiiiiinnnsssserrrr s 216 — 233
Practice Sheet ... 234 - 243
9. COlUMN .. 244 — 252
Practice Sheet ... —————— 253 - 260
10. MiSCellan@ouUS.........cceiiiiiiiiiiii e ————————— 261 - 273
Practice Sheet ... ——— 274 - 300

aad







ENGINEERS ACADEMY
Strength of Material Introduction |1

INTRODUCTION

THEORY

1.1 MATERIAL CLASSIFICATION

According to behaviour on loading, material can be classified as

1.  Elastic : Undergoes deformation when subjected to the external loading and comes back to its
original state after removal of load.

2.  Plastic : Material do not regain its original dimensions and the deformation is permanent.
3. Rigid : Does not undergo any deformation when loaded externally.

In statics and dynamics, we deal with forces and motions associated with particles and rigid bodies. In
strength of materials, we examine the stresses and strains that occur inside real bodies those deform under loads,
here you must understand the difference between rigid body and real body.

1.2 STRESS AND STRAIN

1.2.1 Normal Stress

Consider a prismatic bar loaded by axial forces P at the ends. A prismatic bar is straight structural
member having constant cross section throughout its length. The axial force produce a uniform stretching of
bar. Here, bar is said to be in tension.

n
m
o= -
n
A section taken perpendicular to longitudinal axis of bar is cross-section. Considering free-body diagram,
the tensile force P acts on right hand of free body at the other end is force representing the action of removed

part of bar upon the part that remains. These forces are continuously distributed over the cross-section. The
intensity of force (i.e. force per unit area) is called the stress and is denoted by

Hence under equilibrium, F=0cA
F
= o= —
A
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The stress is the force of resistance per unit area offered by a body against the deformation.

When the bar is stretched by force P, as shown in figure, the resulting stresses are tensile stresses and
if forces are reversed in direction, causing the bar to be compressed, the stresses are compressive stresses.

As stress acts in direction perpendicular to cut surface, it is referred as normal stress. The normal stresses
may be tensile or compressive. The shear stress act parallel to the surface. Conventionally the tensile stresses
are taken as positive and compressive stresses are negative.

The unit of stress is N/m? also referred as pascal.
1 Pa=1 N/m?
1 Kgf/em? = 0.1 MPa
1 mPa = 10" N/m?
It can also be expressed as MPa. i.e., N/mm?.

1.2.2 Normal Strain

An axially loaded bar undergoes a change in length, becoming longer in tension and shorter when in
compression, strain is defined as change in length per unit length.

)

Strain (€) = —

(=1

If bar is in tension, the strain is called a tensile strain, representing stretching of material. If the bar is

in compression, the strain is compressive strain. The tensile strain is taken as positive and compressive strain

is negative. The strain € is called normal strain because it is associated with normal stresses. As normal strain
€ is ratio of two lengths it is a dimensionless quantity i.e. it has no units.

Note : The definition of normal stress and normal strain are based purely on statical and geometrical
consideration. It can be used for load of any magnitude and for any material.

1.3 STRESS STRAIN DIAGRAM OF MILD STEEL IN TENSION

The mechanical properties of material are determined by test performed on small specimen of the material.
The most common test is tension test, in which tensile loads are applied on cylindrical specimen. The American
Society for Testing and Materials (ASTM) standard tension specimen has diameter of 0.5 in and a gauge length
of 2.0 in. The machine used in test is Universal Testing Machine (UTM).

In a static test, the load is applied very slowly and in dynamic test, the rate of loading may be very high.
Here, we are analyzing properties based on static test.
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The typical stress strain diagram of mild steel is shown in figure. Here, the stress is nominal stress or
engineering stress and strain is nominal strain or engineering strain.

Load P
Initial cross section area Ay

Nominal stress

True stress — Load P
Fue Stess = “Actual Area A,

AL
LO

Nominal strain =

AL

True strain L

a

The nominal stress is obtained by dividing the load P by initial cross sectional area A. The true stress
is calculated by using the actual area of the bar.

Similarly, for calculation of strain, if initial gauge length is used nominal strain is obtained. If the actual
length is used, true strain is obtained.

1.

The diagram begin with straight line from O to A. In this region the stress and strain are directly
proportional and behaviour of material is linearly elastic.

Beyond point A, linear relationship between stress and strain no longer exists. A is called proportional
limit.
When load is increased beyond A, the slope of curve become smaller and smaller, unit at point B,

the curve becomes horizontal.

From B to C, considerable elongation occurs with no increase in tensile force. The phenomenon is
known as yielding, region BC is called as yield plateau.

In region CD, the material begin to strain hardening, the material undergoes change in its atomic
and crystalline structure, resulting in increased resistance of material to further deformation.

The load reaches its maximum value and corresponding stress is called ultimate stress.

The fracture finally occur at point E as shown in figure. Various properties of material can be
deduced from stress-strain diagram, stress corresponding to E is called fracture/rupture stress.

1.4 SomEe IMPORTANT PROPERTIES OF MATERIAL
1.4.1 Ductility

The ductility of material by which it can be drawn as wire of small cross-section upon tensile forces.

The percent elongation is defined as
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Where, A, = Original cross-section area

A¢= Final area at fracture

The material which fails in tension at lower values of strain are classified as brittle materials.

1.4.2 Elasticity and Plasticity

When load is slowly removed, two different situation may occur as shown in figure.

c A A
c B

0 » c 0 f » c
f¢——Elastic—>}¢— Plastic : .
le . |, Plastic
< Elastic ¢
—>
Residual Elastic
Strain Recovery

Suppose material is loaded and strain go from O to A. When load is removed, the material follows exactly
the same curve back to origin O. This Property of material by which it returns to its original dimension during
unloading is called elasticity and material is said to be elastic.

When material is loaded to higher level and when unloading occurs, the material follows line BC (which
is parallel to initial slope of OA) on the diagram. When point C is reached, the load has entirely been removed
but a residual strain or permanent strain, OC remain in the material. The corresponding residual elongation of
bar is called permanent set. Thus, the bar returns partially to original shape, hence the material is said to be
partially elastic. Then stress level above which all the strain is not recovered is called elastic limit of material.

The characteristic of material by which it undergoes inelastic strain beyond those at the elastic limit is
known as plasticity.

1.4.3 Creep

When a constant load is applied on a material, over a long period of time, a permanent deformation
occurs. Which is called creep.
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Consider a vertical bar loaded by constant force P. When load P is applied initially, the bar elongates by
amount J, during time t,. Subsequent to time t,, the load remains constant. However, due to creep, the bar
elongates even though load does not change. Creep is more at higher temperature than at ordinary temperature,
i.e., creep is proportional to temperature.

1.5 Hooke’s law

According to Hooke’s law with in the proportional limit, the stress is directly proportional to the strain.

ie, oo €
c
or — =E
€
Where, E = Young’s modulus or modulus of elasticity.

When a material behave elastically and also exhibits a linear relationship between stress and strain it is
said to be linearly elastic. The linear relationship between stress and strain for bar in simple tension and
compression is expressed as:

oc=Ee

Where E is constant of proportionality known as the modulus of elasticity for the material. The modulus
of elasticity is slope of stress strain diagram in linearly elastic region. The unit of E is same as the unit of stress.

This equation is known as Hooke’s law. The modulus of elasticity E has relatively large values for
materials that are stiff. The modulus of elasticity of common materials are

(1) Egiee = 200 GPa

(11) EAluminium =80 GPa

(ili) Eypeq = 11 GPa

The modulus of elasticity is often called Young’s modulus.

1.5.1 Poisson’s Ratio

When prismatic bar is loaded in tension, the axial elongation is accompanied by lateral (direction normal
to applied load) contraction. The lateral strain is proportional to axial strain in linear elastic range when material
is both homogeneous and isotropic.

The ratio of strain in lateral direction to strain in axial direction is known as Poisson’s ratio.

3 Lateral strain
H= Axial strain

Negative sign shows that both the strain are opposite in nature.

A material is homogeneous if it has the same composition throughout the body and Isotropic material have
same properties in all direction.

1.5.2 Shear Stress and Strain

Shear Stress act parallel or tangential to the surface. The shear stress is given as
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To understand nature of shear stress, let us consider stress element in form of rectangular parallel block
having sides of Ax, Ay and Az.

g Az I y

a |l b A

I ]

‘Ei : ET Ay
X v
] Z
Z /J- ___________
-7 =7

d AX c

Considering force equilibrium, total shear force on the top face is TAxAz and this force is balanced by
equal and opposite force on bottom face. These two forces form a couple having moment about z-axis of
magnitude TAxAyAz. Equilibrium of element requires this moment to be balanced by equal and opposite moment
resulting from shear stress acting on side face of element.

This requires the magnitude of shear stress on opposite face of an element to be equal in magnitude and
opposite in direction.

Under the action of these stresses, the material is deformed, The angle v is measure of distortion or
change in shape of element and is called shear strain, the unit of shear strains are radians.

A shear stress acting on positive face of element is positive if it acts in positive direction of one of the
coordinate axis and negative if it acts in the negative direction of the axis. A shear stress acting on a negative
face of an element is positive if it acts in the negative direction of an axis and negative if it acts in the positive
direction.

Shear strain in an element is positive when the angle between two positive (or negative) faces is
reduced. The strain is negative when angle between two positive (or two negative) faces is increased.

The shear stress-strain diagram can be plotted in same way as in tension-test diagram. Hooke’s law
in shear is

T C ’Y
T =Gy
Where, G = Shear modulus of elasticity or modulus of rigidity
7 = Shear stress
vy = Shear strain

1.5.3 Bulk Modulus

If material is subjected to similar and equal triaxial stresses, then ratio of stress to volumetric strain is
called bulk modulus.

In case of hydrostatic stress, C < €,
(&)
—r—>0
G
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c=Kx ¢,

c coE
K= e 7 300-2p)
E = 3K(1 — 2p)
For material to be incompressible
Either o6y to,+6,=0
or p = 0.5 —> Not possible
1.5.4 Relation Between Elastic Constants
E=2G(1 + p)
E = 3K(1 — 2p)
IKG
" 3K+G
3K-2G
H= 6Kk +2G
Where, E = Modulus of elasticity

K = Bulk modulus
G = Modulus of rigidity
p = Poisson’s ratio

Example 1 : A long wire of specific mass m hang freely under its own weight. Derive formula for tensile
stress in the wire.

Solution :

Let the weight per unit volume of the wire be w.

dx%

Force on the cross section of the elemental part = w X volume below the section = wAx

St WAX wx
ress = ——— =
A
m
Note : w = o
v
Where, m = Total mass of the whole wire

v = Total volume of the whole wire
v = Al = Area x Length

Q00

# 100-102, Ram Nagar, Bambala Puliya ENGINEERS ACADEM i o g .
Pratap Nagar, Tonk Road, Jaipur—33 Your GATEway to Professional Excellence q Email ; lnfo @ englneersacademy' org

e O AT ST E AT o RS I NE L Website : www.engineersacademy.org




ENGINEERS ACADEMY

8| Introduction

CE, ME Engineering

—

1. If Poisson’s ratio of a material is 0.5, then the
elastic modulus for the material is

(a) three times its shear modulus
(b) four times its shear modulus
(c) equal to its shear modulus
(d) indeterminate

2.  Match List-I (Elastic properties of an isotropic
elastic material) with List-II (Nature of strain
produced) and select the correct answer using
the codes given below the lists :

List-I

A. Young’s modulus
B. Modulus of rigidity
C. Bulk modulus
D. Poisson’s ratio
List-I1

1. Shear strain
2. Normal strain
3. Transverse strain
4. Volumetric strain
Codes :

A B C D
(a) 1 2 3 4
(b) 2 1 3 4
(c) 2 1 4 3
@ 1 2 4 3

3.  If permissible stress in plates of joint through a
pin as shown in the figure is 200 MPa, then the
width w will be

Pin
/ A
10 mm ¢
2000N w 2000N
| 2mm
[2mm 1 [/ 1‘

(b) 20 mm
(d) 25 mm

(a) 15 mm
(c) 18 mm
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The number of independent elastic constants
required to express the stress-strain relationship
for a linearly elastic isotropic material is

(a) one (b) two

(c) three (d) four

The number of elastic constants for a completely
anisotropic elastic material is

(a) 3 (b) 4

(c) 21 (d) 25

The maximum value of Poisson’s ratio for an
elastic material is

(a) 0.25 (b) 0.5

(c) 0.75 (d) 1.0

The unit of elastic modulus is the same as those
of

(a) Stress, shear modulus and pressure

(b) Strain, shear modulus and force

(c) Shear modulus, stress and force

(d) Stress, strain and pressure.

Young’s modulus of elasticity and Poisson’s ratio
of a material are 1.25 x 10° MPa and 0.34
respectively. The modulus of rigidity of the material
is

(a) 0.4025 x 10° MPa

(b) 0.4664 x 10° MPa

(c) 0.8375 x 10° MPa

(d) 0.9469 x 10° MPa

The independent elastic constants for a
homogeneous and isotropic material are

(a) E,GK,v (b) E, G K

(c)E,Gv (d E, G

In a homogeneous, isotropic elastic material, the
modulus of elasticity E in terms of G and K is
equal to

G+3K b 3G+K
@) ~5KG ®) kG
9KG L) _9KG

©) G13K @ X336
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11. Match List I with List IT and select the correct Codes :
answer using the codes given below the lists A B C D
List 1 (Property)
A. Tensile strength @ 3 ! 4 2
B. Impact strength (b) 1 3 2 4
C. Bending strength (¢) 3 1 2 4
D. Fatigue strength @ 1 3 4 o)
List 'H (Testl.ng Macl.nne) 13. Which one of the following materials is highly
1. Rotating Bending machine .
elastic?
2. Three-Point Loading Machine Rubb 0 B
3. Universal Testing Machine (2) Rubber (b) Brass
4. Impact Testing Machine (c) Steel (d) Glass
Codes : 14. The elastic Constants E and K are related as (p
A B C D is the Poisson’s ratio).
@ 4 3 2 1 (a) E = 2K (1 - 2p)
b 3 2 1 4 (b) E = 3K (1 — 2p)
() 2 1 4 3
d 3 4 ) 1 () E=3K(1+w
12. Match List-I with List-II and select the correct (d) E=2K (1 + 2p)
answer using the codes given below the list : 15. Assertion (A) : Stress-strain curves for brittle
List-I material do not exhibit yield point.
A. Rigid-Perfectly plastic Reason (R) : Brittle materials fail without
B. Elastic-Perfectly plastic yielding.
C. R%gld-Stram h.ardenmg (a) Both A and R are individually true and R is
D. Linearly elastic the correct explanation of A
List-11 . .
(b) Both A and R are individually true but R is
ol NOT the correct explanation of A
1. (c) A is true but R is false
&% (d) A is false but R is true
4 16. An idealised stress-strain curve for a perfectly
plastic material is given by
2.
5 A
€ c c
ol (a) (b) ‘f
3- € €
e
c c
(¢}
() (d) ‘
4. z o
€
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17. Assertion (A) : Poisson’s ratio is a measure of 23. The percentage elongation of a material as
the lateral strain in all direction perpendicular to obtained from static tension test depends upon
the loading direction in terms of the linear strain. the
Reason (R) : The nature of lateral strain in a (a) Diameter of the test specimen
uniaxially loaded bar is opposite to that of the (b) Gauge length of the specimen
linear strain in the direction of loading. . . .
(a) Both A and R are individually true and R is () Nature of end-grips of the testing machine
the correct explanation of A (d) Geometry of the test specimen
(b) Both A and R are individually true but R is 24. The stress strain curve of an ideal elastic strain
not the correct explanation of A hardening material will be as
(c) A is true but R is false
(d) A is false but R is true T T—
18. A weight falls on a plunger fitted in a container (a) T f (b) T
filled with oil there by producing a pressure of
1.5 N/mm? in the oil. The Bulk Modulus of oil — e
is 2800 N/mm?. Given this situation, the
volumetric compressive strain produced in the 1‘ T
oil will be o c
(a) 400 x 10°6 (b) 800 x 10° © | @ |
(c) 268 x 10° (d) 535 x 10°° = =
19.  The Young’s modulus of elasticity of a material 25, 4ssertion (A) : Poisson’s ratio of a material is
is 2.5 times of its modulus of rigidity. The a measure of its ductility.
Poisson’s ratio for the material will be Reason (R) : For every linear strain in the
(a) 025 (b) 0.33 direction of force, Poisson’s ratio of the material
(¢) 0.50 (d) 0.75 gives the lateral strain in directions perpendicular
20. Lueder lines on steel specimen under simple to the direction of force.
tensio'n test is a d%rect indication of yielding of (a) Both A and R are individually true and R is
material due to slip along the plane .
i o the correct explanation of A
(a) Of max1.mum principal stress (b) Both A and R are individually true but R is
(b) Of maximum shear stress .
not the correct explanation of A
(c) Along the direction of loading . )
(d) Perpendicular to the direction of loading © A TS true but R I? false
21. A bar is having strain 0.0014. The elastic limit (d) A is false but R is true
of that material is 250 N/mm?. If the modulus of ~26. Which one of the following pairs is NOT
elasticity of the material of the bar is correctly matched?
205000 N/mm” then the residual component of (a) Uniformly distributed stress .... Force passed
the strain on unloading is very close to through the centroid of the cross-section
(a) 0.0004 (b) 0.0002 (b) Elastic deformation . Work done by
(¢) 0.0001 (d) 0.00005 external forces during deformation is
22. In a simple tension test, Hooke’s law is valid dissipated fully as heat

# 100-102, Ram Nagar, Bambala Puliya
Pratap Nagar, Tonk Road, Jaipur-33
Ph.: 0141-6540911, +91-8094441777

upto the.
(a) Elastic limit (b) Limit of proportionality

(c¢) Ultimate stress (d) Breaking point

(c) Potential energy of strain .... Body is in a
state of elastic deformation

(d) Hooke’s law .... Relation between stress and
strain
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The stress-strain diagram for two materials A
and B is shown below

A

T Material A

Stress

Material B

-

Strain ——

0
The following statements are made based on
this diagram

(i) Material A is more brittle than material B.

(ii) The ultimate strength of material B is more
than that of A.

With reference to the above statements, which
of the following applies?

(a) Both the statements are false

(b) Both the statements are true

(c) (i) is true but (ii) is false

(d) (i) is false but (ii) is true

Match list I (Materials) with List II (Stress-

strain curves) and select the correct answer using
the codes given below the Lists

List-1 List-11

A. Mild Steel

B. Pure copper

C. Cast iron

D. Pure aluminium 4.

29.

ENGINEERS ACADEMY)|

Your GATEway to Professional Excellence
IES ¢ GATE ¢ PSUs ¢ JTO ¢ IAS ¢ NET

| 11
Codes :
A B C D
(a) 3 1 4 1
b 3 2 4 2
(c) 2 4 3 1
(d 4 1 3 2

Match List I with List II and select the correct
answer using the codes given below the Lists:

List-I
Ultimate strength
Natural strain

Conventional strain

°Saw

Stress

List-11

o
.

Internal structure

N

Change of length per unit instantaneous
length

3. Change of length per unit gauge length

4. Load per unit area

Codes :

A B C D
(a) 1 2 3 4
(b)) 4 3 2 1
() 1 3 2 4
(d 4 2 3 1

Assertion (4) : Hooke’s law is the constitutive
law for a linear elastic material.

Reason (R): Formulation of the theory of
elasticity requires the hypothesis that there exists
a unique unstressed state of the body, to which
the body returns whenever all the forces are
removed.

(a) Both A and R are individually true and R is
the correct explanation of A

(b) Both A and R are individually true but R is
not the correct explanation of A

(c) A is true but R is false
(d) A is false but R is true
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31. Consider the following statements Codes :
1. There are only two independent elastic A B C D
constants. (a) 4 2 3 1
2. Elastic constants are different in orthogonal (b)y 4 1 3 2
directions. ) 5 1 4 2
Material properties are same everywhere. d 5 2 4 1
4. Elastic constants are same in all directions. 34,  The moduli of elasticity and rigidity of a material
5. The material has ability to withstand shock are 200 GPa and 80 GPa, respectively. What is
loading. the value of the Poisson’s ratio of the material?
Which of the above statements are true for a (a) 0.30 (b) 0.26
linearly elastic, homogeneous and isotropic (c) 0.25 (d) 0.24
material? 35. A mild steel specimen is tested in tension up to
(a) 1, 3,4 and 5 (b) 2, 3, and 4 fracture in a Universal Testing Machine. Which
(c) 1, 3, and 4 (d) 2 and 5 of the following mechanical properties of the
; ?
32. Assertion (A): For a ductile material stress-strain material can be eval‘uailted from such a test:
curve is a straight line up to the yield point. 1. Modulus of elasticity
Reason (R): The material follows Hooke’s law 2. Yield stress
up to the point of proportionality. 3. Ductility
(a) Both A and R are individually true and R is 4. Tensile strength
the correct explanation of A 5. Modulus of rigidity
(b) Both A and R are individually true but R is Select the correct answer using the code given
not the correct explanation of A below
(c) A is true but R is false (a) 1,3 and 5 (b) 2,3 and 4
(d) A is false but R is true (c) 1,2 and 5 (d)1,2,3 and 4
33. Match List-I (Types of Tests and Materials) with ~ 36.  What is the cause of failure of a short MS strut
List-II (Types of Fractures) and select the under an axial load?
correct answer using the codes given below the (a) Fracture stress (b) Shear stress
lists: (¢) Buckling (d) Yielding
List-1 (Types of Tests and Materials) 37 A steel cube of volume 8000 cc is subjected to
A. Tensile test on CI all around stress of 1330 kg/cm®. The bulk
B. Torsion test on MS modulus of the material is 1.33 x 10° kg/cm?.
Th lumetric ch i
C. Tensile test on MS © volumetric change 15
. (a) 8 cc (b) 6 cc
D. Torsion test on CI R
. (c) 0.8 cc (d) 10™ cc
List-II (Types of Fractures)
) 38. In terms of bulk modulus (K) and modulus of
1. Plain fracture on a transverse plane rigidity (G), Poisson’s ratio can be expressed as
2. Granular helicoidal fracture
3. Plai lar at 45° to the axi oK ~40 by 19
. Plain granular a o the axis —_— —_—
grant * @ $K+4G ®) k-G
4. Cup and Cone
S. Granular fracture on a transverse plane ©) 3K-2G ) 3K +2G
6K +2G 6K -2G
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39.

40.

41.

42.

43.
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Two bars one of material A and the other of
material B of same length are tightly secured
between two unyielding walls. Coefficient of
thermal expansion of bar A is more than that of
B. When temperature rises the stresses
induced are

(a) Tension in both the materials

(b) Tension in material A and compression in
material B

(c¢) Compression in material A and tension in
material B

(d) Compression in both the materials

A bar of diameter 30 mm is subjected to a tensile
load such that the measured extension on a
gauge length of 200 mm is 0.09 mm and the
change in diameter is 0.0045 mm. The poisson’s
ratio will be

(a) 1/4 (b) 1/3
(c) 1/5 d) 1/6

When a mild-steel specimen fails in a torsion
test fracture looks like

o 9

@ g AN S

A 2 m long bar of uniform section extends 2 mm
under limiting axial stress of 200 N/mm?. What
is the modulus of resilience for the bar?

(a) 0.10 units (b) 0.20 units
(c) 10000 units (d) 200000 units

The stress level, below which a material has a
high probability of not failing under reversal of
stress, is known as

(a) elastic limit (b) endurance limit

(c) proportional limit (d) tolerance limit

44.

45.

46.

47.

48.

If E =2.06 x 10° N/mm?, an axial pull of 60 kN

suddenly applied to a steel rod of 50 mm in

diameter and 4 m long. It causes an instantaneous

elongation of the order of

(a) 1.19 mm (b) 2.19 mm

(c) 3.19 mm (d) 11.9 mm

Assertion (A): Strain is a fundamental behaviour

of the material, while the stress is a derived concept.

Reason (R): Strain does not have a unit while

the stress has a unit.

(a) Both A and R are true and R is the correct
explanation of A

(b) Both A and R are true but R is not a correct
explanation of A

(c) A is true but R is false

(d) A is false but R is true

Assertion (A): A mild steel tension specimen

has a cup and cone fracture at failure.

Reason (R): Mild steel is weak in shear and

failure of the specimen in shear takes place at

45° to the direction of the applied tensile force.

(a) Both A and R are true and R is the correct
explanation of A

(b) Both A and R are true but R is not a correct
explanation of A

(c) A is true but R is false

(d) A is false but R is true

If A be the area of cross-section of a bar, the

gauge length for the measurement of ductility
will be

(a) 5.65 x A!? (b) 5.65 x A

(c) 6.56 x A2 (d) 6.56 x A

Match List-I with List-II and select the correct
answer using the codes given below the lists

List-1 List-11
A. Ductility 1. Failure without
warning
B. Brittleness 2. Drawn permanently
over great changes of
shape without rupture
C. Tenacity 3. Absorption of energy
at high stress without
rupture
D. Toughness 4. High tensile strength

i// A
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Ductile material

length is subjected to a tensile test. Its longitudinal

14 | Introduction CE, ME Engineering
Codes : Codes :
A B C D A B C D
(a) 1 2 4 3 (a) 3 4 2 1
® 1 2 3 4 ® 3 4 1 2
) 2 3 4 1 ) 4 3 2 1
d 2 1 4 3 d 4 3 1 2
49. Which one of the following pairs is NOT 52. Match List-1 (Property) with List-II
correctly matched? (Characteristic) and select the correct answer
. . . using the codes given below the lists
(a) Visco-elastic Small plastic zone
List-I
material )
A. Fatigue
(b) Strain hardening :  Stiffening effect felt
B. Creep
material at some stage C. Plasticity
(¢) Orthotropic Different properties in D. Endurance limit
material three perpendicular List-II
directions 1. Material continues to deform with time under
(d) Isotropic material:  Same physical sustained loading
property in all 2. Decreased resistance of material to repeated
directions at a point reversal of stress
50. In an experiment it found that the bulk modulus 3. Material has a high probability O_f not failing
of a material is equal to its shear modulus. The ur{der reversal of stress of magnitude below
poisson’s ratio is this level
(a) 0.125 (b) 0.250 4. Material continues to deform without any
further increases in stress
(c) 0.375 (d) 0.500
Codes :
51. Match List-1 (Material) with List-II A B c b
(Characteristic) and select the correct answer
using the codes given below the lists : (@) 2 1 4 3
List-I (b)) 2 1 3 4
A. Inelastic material () 1 2 4 3
B. Rigid plastic material @ 1 2 3 4
C 53. A cylindrical bar of 20 mm diameter and 1 m
D.

# 100-102, Ram Nagar, Bambala Puliya
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Brittle material
List-11

No plastic zone
Large plastic zone

Strain is not recovered after unloading

W N -

Strain is zero upto a stress level and then
stress remains constant.

strain is 4 times that of its lateral strain. If the
modulus of elasticity is 2 % 10° N/mm?, then its
modulus of rigidity will be

(a) 8 x 10° N/mm?
(b) 8 x 10° N/mm?
(c) 0.8 x 10* N/mm?
(d) 0.8 x 10° N/mm?
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54. Assertion (A) : In a tensile test on a specimen,

true stress in the specimen is more than the
nominal stress.

Reason (R) : Grip of universal testing machine
introduces stress concentrations.

(a) Both A and R are true and R is the correct
explanation of A

(b) Both A and R are true but R is not a correct
explanation of A

(c) A is true but R is false
(d) A is false but R is true

55. Assertion (4) : A mild steel tension specimen

subjected to an axial load failed along a surface
at 45° to its axis.

Reason (R): Mild steel is weaker in shear than
in tension and the plane of maximum shear is at
45° to its axis.

(a) Both A and R are true and R is the correct
explanation of A

(b) Both A and R are true but R is not a correct
explanation of A

(c) A is true but R is false
(d) A is false but R is true

56. Match List-I with List-II and select the correct

answer using the codes given below the lists
List-1

Tenacity

Plasticity

Ductility

Malleability

List-11

Saw>»

.
.

Continues to deform without much increase
of stress

Ultimate strength in tension

Ability to be converted into a thin sheet
without rupture

4. Ability to be drawn out by tension to a small
section without rupture
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Codes :
A B C D
(a) 2 1 4 3
b 2 1 3 4
() 1 2 4 3
@ 1 2 3 4

A bar of uniform section is subjected to axial
tensile loads such that the normal strain in the
direction of loading is 1.25 mm per m. If the
poisson’s ratio of the material of the bar is 0.3,
the volumetric strain would be

(a) 2 x 107 (b) 3 x 107
(c) 4 x10™ (d) 5 x 10

Match List-I1 (Elastic constant) with List-II
(Definition) and select the correct answer using
the codes given below the lists

List-I
Young’s modulus
Poisson’s ratio

Bulk modulus

cSaw>»

Rigidity modulus

List-11

1. Lateral strain to linear strain within elastic
limit

2. Stress to strain within elastic limit

3. Shear stress to shear strain within elastic

limit

4. Direct stress to corresponding volumetric

strain
Codes :
A B C D
(a) 3 1 4 2
b 2 1 4 3
() 2 4 1 3
@ 3 4 1 2

Q0O
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ANSWER SHEET

1. Ans. (a) 9. Ans. (d)
E=2G (1 + p) 10. Ans. (¢

Put n=20.5 11. Ans. (d)

- E=3G 12. Ans. (@)

2.  Ans. (¢) 13.  Ans. (9

14. Ans. (b)
, Normal stress _
Young’s modulus (E) = Normal strain E=2G 1+

= 3K (1 — 2p)
Shear stress
Modulus of rigidity (G) = ¢———— 15. Ans. ()
16. Ans. (a)
Change in pressure . x
Bulk modulus = |~ g .p u | 17. Ans. ()
Volumetric strain | 18. Ans. (d)
‘ ‘ __ Lateral strain P
Poisson’s ratio = Longitudinal strain Bulk modulus of elasticity (K) = e_
v
3. Ans. (a)
Axo=r . P 1S
v
(w — 10) x 2 x 200 = 2000 K 2800
w—10=5 =535 x10°
o w = 15 mm 19. Ans. (a)
Ans. (b) E=2G (1 +p)
Ans. (c¢) E
= l+p= 7%
Types of Material | Number of independent 2G
elastic constant £
1. Isotropic and 2 = p= (——IJ
homogeneous 2G
2. | Orthotropic 9 25
3. | Anisotropic 21 = (7_1J =0.25
6. Ans. (b) 20. Ans. (b)
The range of Poisson’s ratio of engineering 21, Ans. (b)
material is from 0 to 0.5. 22. Ans. (b)
Ans. (a) 23. Ans. (b)
Ans. (b) 24. Ans. (d)
G- E 25. Ans. (d)
2(1+p) 26. Ans. (b)
1.25%10° 27. Ans. (¢
T 2(1+0.34) 28. Ans. (b)

0.4664 x 10° MPa 29. Ans. (a)
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