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PREFACE

It gives me great happiness to introduce the
second edition on Civil Engineering containing
nearly 3200 MCQs which focuses in-depth
understanding of subjects at basic and advanced
level which has been segregated topic-wise to

disseminate all kind of exposure to students
in terms of quick learning and deep apt. The

B. Singh (Ex. IES)

chapter wise segregation has been done to align

with contemporary competitive examination
pattern. Attempt has been made to bring out all kind of probable competitive questions
for the aspirants preparing for ESE, GATE, PSU. The content of this book ensures
threshold level of learning and wide range of practice questions which is very much
essential to boost the exam time confidence level and ultimately to succeed in all
prestigious engineer’'s examinations. It has been ensured from MADE EASY team to
have broad coverage of subjects at chapter level.

Year by year number of competitors are increasing and the variety of questions asked
in examination is widening, under such scenario this book will definitely help students
to enhance their skills required to succeed in competitive exams like ESE, GATE, PSUs,
State Engineering Services etc.

While preparing this book utmost care has been taken to cover all the chapters and
variety of concepts which may be asked in the exams. The solutions and answers
provided are upto the closest possible accuracy. The full efforts have been made by
MADE EASY Team to provide error free solutions and explanations.

| have true desire to serve student community by way of providing good sources of study
and quality guidance. | hope this book will be proved an important tool to succeed in
competitive examinations. Any suggestions from the readers for the improvement of
this book are most welcome.

B. Singh (Ex. IES)
Chairman and Managing Director
MADE EASY Group
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Strength of Materials

1. Properties of Metals, Simple
Stress-Strain and Elastic

Constants

A material has identical properties in all
directions, it is said to be

(a) homogeneous  (b) isotropic

(c) elastic (d) orthotropic

The term nominal stress in stress-strain curve
for mild steel implies
(a) average stress
(c) yield stress

(b) actual stress
(d) stress at necking

For metallic minerals creep becomes an

important consideration at

(@) 500°C

(b) 550°C

(c) half of the melting point temperature on
absolute scale

(d) any temperature

Clapeyron’s theorem is associated with the
analysis of

(a) simply supported beams

(b) fixed beams

(c) continuous beams

(d) cantilever beams

A rubber band is elongated to double its initial
length, its true strain is

(@) 0.500 (b) 0.693

(c) 1.00 (d) 1.386

A prismatic beam has uniform
(a) depth (b) width
(c) strength (d) cross-section

In the case of pure bending, the beam will bend
into an arc of a

Q.8

Q.9

Q.10

Q.12

(a) circle
(c) ellipse

(b) parabola
(d) hyperbola

If the modulus of elasticity is zero, the material
is said to be
(a) rigid

(c) flexible

(b) elastic
(d) plastic

The compressibility of a material is proportional
to
a
b
C
d

Poisson’s ratio w
modulus of elasticity (E)
reciprocal of £
reciprocal of 1

o~ o~~~
= = =

If a beam with the rectangular cross-section is
obtained by cutting from circular log of timber,
then for the beam to have strongest section in
bending, the ratio of breadth to depth should be
(a) 0.500 (b) 0.707
(c) 0.717 (d) 0.786

According to St. Venant’s principle

(a) Deformations of all materials for a given
loading are equal

(b) It is a method of determining stress
conditions at the end of the plates

(c) Stress conditions approach uniformly as the
distance from the point of applications of the
load increase

(d) After a point of time the stresses in a loaded
member tend to relieve

Notched bar tests are frequently used for testing
the

a) impact strength of a material

b) hardness of a material

c) machinability of a metal

d) corrosion resistance of the material

(
(
(
(



2 Multiple Choice Questions : MBRDE ERSY
Q.13 Inthe creep test, the following type of stress is Q.20 Inahomogeneous, isotropic elastic material, the
applied to the specimen modulus of elasticity £ in terms of G and K'is
(@) uniaxial compression equalto
(b) uniaxial tension (@ (G+3K)/OKG (b) (BG+ K)/9KG
(c) biaxial compression or tension (c) 9KG/(G + 3K)  (d) 9KG/(K + 3G)
(d) alternating stress _ . .
Q.21 The unit of elastic modulus is the same as those
Q.14 A free bar of length 7 is uniformly heated from of
linear equnsion and. E is the modulus of elasticity. (b) strain, shear modulus and force
The stress in the bar is (c) shear modulus, stress and force
(@) ot E (b) ot £/2 (d) stress, strain and pressure
(c) zero (d) None of these . o .
Q.15 Atestspecimen is stressed slightly beyond the Q.22 Fora I'|near|y slastic, |sotrop|§ and homogenegus
. . . material, the number of elastic constants required
yield point and then unloaded. Its yield strength o
(a) decreases to relate stress and strain is
(b) increases (a) two (b) three
(c) remains same (c) four (d) six
(d) becomes equal to ultimate tensile strength Q.23 If the cross-section of a member is subjected to
Q.16 Cup-and-cone type fracture occurs in the case of a uniform shear stress of intensity ‘g, then the
(a) castiron strain energy stored per unit volume is equal to
(b) round specimen of ductile metals (G = modulus of rigidity)
(c) tough steel (a) 297/G (b) 2G/¢?
(d) soft brass (©) g?l2G (d) Gl2¢P
Q.17 Materials having elongation less than 5% are ~ @24 In Ith.e case of an er?gineeringl materiallunder
considered brittle. In such cases, factor of safety unidirectional stress in the x-axis, the Poisson's
is based on ratio is equal to (symbols have their usual
(a) yield stress meanings)
(b) endurance limit (@) g /e, (b) ¢,/0,
(c) limit of proportionality () g /o (d) o, /e,
(d) ultimate stress Q.25 A 100 mm long and 50 mm diameter steel rod
Q.18 A rod of length ‘I' and cross-sectional area ‘A’ fits snugly between two rigid walls 100 mm apart
rotates about an axis passing through one end at room temperature. Young’s modulus of
of the rod. The extension produced in the rod elasticity and coefficient of linear expansion of
due to centrifugal forces is (w is the weight of steel are 2 x 105 N/mm? and 12 x 1076/°C
the rod per unit length and w is the angular velocity respectively. The stress developed in the rod
of rotation of the rod) due to a 100°C rise in temperature will be
(a) owl °gE (b) @? wi®/3gE (@) 6x 101 N/mm? (b) 6 x 1010 N/mm?
(c) w?*wi®/gE (b) 3gE/w? W3 (c) 240 N/mm? (d) 2400 N/mm?

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

Universal Testing Machine, the parameters
actually measured include

(a) true stress and true strain

(b) Poisson’s ratio and Young’s modulus

(c) engineering stress and engineering strain
(d) load and deflection
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Q.27

Q.28

Q.29

Q.30

Q.31

Q.32

Q.33

If the value of Poisson’s ratio is zero, then it
means that

(a) the material is rigid

(b) the material is perfectly plastic

(c) thereis no longitudinal strain in the material
(d) the longitudinal strain in the material is infinite

The stretch in a steel rod of circular section,
having a length / subjected to a tensile load
Pand tapering uniformly from a diameter d,, at
one end to a diameter d, at the other end, is
given by

(a) PI/AEd,d,

(c) PI/AE (d, - d,)

(b) Pin/Ed,d,
(d) 4PInEd,d,

If Poisson’s ratio for 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

The Poisson’s ratio of a material which has
Young’s modulus of 120 GPa, and shear
modulus of 50 GPa, is

(@) 0.1 (o) 0.2

(c) 0.3 (d)y 04

A rod of material £ = 200 x 10° MPa and
o = 103 mm/mm/°C is fixed at both the ends. It
is uniformly heated such that the increase in
temperature is 30°C. The stress developed in
the rod is

(a) 6000 N/mm?
(b) 6000 N/mm?
(c) 2000 N/mm?
(d) 2000 N/mm?

tensile)
compressive)
tensile)
compressive)

—~ o~~~

The deformation of a bar under its own weight
as compared to that when subjected to a direct
axial load equal to its own weight will be

(a) the same (b) one-fourth

(c) half (d) double

The number of independent elastic constants
required to express the stress-strain relationship
for linearly elastic isotropic material is

(a) one (b) two

(c) three (d) four

Q.34

Q.35

Q.36

Q.37

Q.38

Atapering bar (diameters of end sections being
d, and d,) and a bar of uniform cross-section ‘d
have the same length and are subjected to the
same axial pull. Both the bars will have the same
extension if ‘d’ is equal to

(a) (d; + d,)2 (b) Jd,d,

(c) Jdydy /2 (d) (d; +d,)/2

The number of elastic constants for a completely
anisotropic elastic material which follows Hooke’s
law is

(@) 2 (b) 4

(c) 21 (d) 25

For a given material, the modulus of rigidity is
100 GPa and Poisson’s ratio is 0.25. The value
of modulus of elasticity in GPa is

(@) 125 (b) 150

(c) 200 (d) 250

A cube having each side of length ‘a’ is
constrained in all directions and is heated
uniformly so that the temperature is raised to
T°C. If ais the thermal coefficient of expansion
of the cube material and E is the modulus of
elasticity, the stress developed in the cube is

oTE _alE
@ © =29
aTE alE
© %y @ +2)

Toughness for mild steel under uniaxial tensile
loading is given by the shaded portion of the
stress-strain diagram as shown in

ol
@ ’
o) |




4 Multiple Choice Questions : MBRDE ERSY
Which of these statements is/are correct?
O, (@) 1only (b) 2 only
o (c) 1and 2 (d) tand 3
©) T uTs ‘ | ‘
Q.44 A solid uniform metal bar of diameter D and
length Lis hanging vertically from its upper end.
—¢ The elongation of the bar due to self weight is
(a) Proportional to L and inversely proportional
5, to 0?
o (b) Proportional to L2 and inversely proportional
Fracture
(d) T to 0P
(c) Proportional to L butindependent of D
- (d) Proportional to L2 but independent of D
Q.45 E, G, Kand v represent the elastic modulus,
Q.39 Which one of the following is correct in respect shear modulus, bulk modulus and Poisson’s ratio
of Poisson’s ratio (v) limits for an isotropic elastic respectively of a linearly elastic, isotropic and
solid? homogeneous material. To express the stress-
() —eosv<eo (0) 1/4<v<1/3 strain relations completely for this material, at
(c)—-1<v<1/2 (dy -1/2<v<1/2 least
Q.40 A bar of copper and steel form a composite (a) E, Gand v must be known
system. They are heated to a temperature of (b) E, K'and v must be known
40°C. What type of stress is induced in the copper (c) any two of the four must be known
bar? (d) All the four must be known
(a) tensile (b) compressive Q.46 Steel has its vyield strength of
(c) shear (d) None of these 400 N/mm?2 and modulus of elasticity of
Q.41 A cube with a side length of 1 cm is heated 2 x 10° MPa. Assuming the material to obey
uniformly 1°C above the room temperature and Hooke's law up to yielding, what is its proof
all the sides are free to expand. What will be the resilience?
increase in volume of the cube? (Given coefficient (@) 0.8 N/mm? (b) 0.4 N/mm?
of thermal expansion is a per °C) (c) 0.6 N/mm? (d) 0.7 N/mm?
(a) 3acm? (b) 2ccm? Q.47 In atensile test, near the elastic limit zone
(c) acm? (d) zero (a) tensile stress increases at a faster rate
Q.42 If £, G and K denote Young's modulus of (b) tensile stress decreases at a faster rate
elasticity, Modulus of rigidity and Bulk modulus, (c) tensile stress increases in linear proportion
. . . . to the strain
respectively, for an elastic material then which ) o ]
. . (d) tensile stress decreases in linear proportion
one of the following can be possibly true? 1o the strain
(@) G=2K (b) G=E
(c) K=E d G=K=E Q.48 Given that for an element in a body of
Q.43 Consider the following statements: homogeneous isotropic material subjected to

1. Strength of steel increases with carbon
content

2. Young’s modulus of steel increases with
carbon content

3. Young's modulus of steel remains unchanged
with variation of carbon content

plane stress; e, e, and e, are normal strains in
x, y and z directions respectively and p is the
Poisson’s ratio, the magnitude of unit volume
change of the element is given by

(a) e + e, +e, (b) e~ (ey +e)

@) —+—+—

e e

(c) we, + e,+ e,) -
X y z
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Q.49

Q.50

Q.51

Q.52

Q.53

Q.54

Q.55

The ratio of the lateral pressure of the bulk
storage material at the time of emptying to that
at the time of filling is

(a) less than one

(b) equal to or less than one

(c) equaltoone

(d) greaterthanone

-

=

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

(a) tolerancelimit  (b) elastic limit

(c) proportional limit (d) endurance limit

Consider the following statements:

The principal of super position is applied to:
1. Linear elastic bodies.

2. Bodies subjected to small deformations.
Which of these statements is/are correct?
(@) 1alone (b) 1and 2

(c) 2alone (d) Neither 1 nor 2

If all the dimensions of a bar are increased in
the proportion n : 1, the proportion with which
the maximum stress produced in the prismatic
bar by its own weight, will increase in the ratio
(@ 1:n (o) n:1

(@) ~:1

1
n
A bar is subjected to an axial tensile stress. If
the volumetric strain in the bar is 0.44 times the
axial strain, what is the Poisson’s ratio of the
material?
(a) 0.44
(c) 0.28

(b) 0.30
(d) None of these

On aplane, resultant stress is inclined at an angle
of 30° with the plane. If the normal stress on the
plane is 50 MPa, what is the shear stress on the

plane.
(a) 43.3 MPa (b) 86.6 MPa
(c) 100 MPa (d) None of these

A bar of a square section a x a subjected to a
tensile load P on a plane inclined at 45° to the
axis of the bar, normal stress will be

oP P
(a) 7z (b) Z
P P

© 322 @ 32

Q.56

Q.57

Q.58

Q.59

Q.60

Q.61

Q.62

Two tie rods are connected, through a pin of a
cross-sectional area of 40 mm?. If the tie rods
carry atensile load of 10 kN, the shear stress in
the pinis

(a) 125 MPa
(c) 500 MPa

(b) 250 MPa
(d) None of these

A spherical ball of volume 1000 cm?3is subjected
to a hydrostatic pressure of 90 N/mm?2 and bulk
modulus of the material is 190 kN/mm?. What is
the change in volume of the ball?

(a) 473 mm3 (b) 940 mm3

(c) 502 mm3 (d) None of these

In stress-strain curve, the area upto elastic limit
stress indicates which mechanical property?
(a) Ductility (b) Strength

(c) Resilience (d) None of these

In 6-e€ curve for mild steel, load at which
considerable extension occurs with decrease in
resistance is known as?

(a) Upper yield point(b) Breaking load

(c) Ultimate load (d) None of these

A composite bar is made of steel and aluminium
strips, with A, = 3A_, where A and A are areas
of cross-section of aluminium and steel bars,
respectively E/E, = 3. Due to an external load,
if the stress developed in the aluminium is
30 MPa, then what is the stress developed in
the steel bar?
(a) 10MPa

(c) 90 MPa

(b) 30 MPa
(d) None of these

A copper bar of area of cross-section 200 mm?
is encased in a steel tube of area of cross-section
400 mm2. Due to an external load, the stress in
copper bar is 10 MPa and load on composite
bar is P. What is the load shared by the steel

E
bar? =—=2
ECU
(@) 05 P (b) 0.6 P
(c) 0.8 P (d) None of these

A bimetallic strip is made of two metals with
equal areas of cross-section. Due to temperature
change, the stress developed in one strip is
-40 N/mm?2. What is the stress developed in
another component of the composite bar?

(a) —40 N/mm? (b) 20 N/mm?

(c) 40 N/mm? (d) =20 N/mm?
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Q.63 Three strips of same area of cross-section share
a load of 5.5 kN. If their Young’s modulus are in
the ratio of £, = 2E, = 3E;, then what is the load,
shared by the strip with Young’s modulus £,
(@) 3kN (b) 3.5kN
(c) 2.5kN (d) 2kN

Q.64 Asteelrailtrackis laid by joining 30 m long rails
end to end. At 30°C there is no stress in the
rails. At 50°C, what will be the stress in the rails

if o =11 x 1076/°C and E = 2 x 10° N/mm?2

(a) 88 MPa (b) 44 MPa
(c) 22 MPa (d) 11 MPa
Q.65 True stress o is related with conventional stress
o, as
c c 1
a) —=(1+e€ by —=—=
) Gp ( ) ®) o) (1+e)2
c 1 (6]
—= —=1+
© oy 1+e€ (d) Op €

2.Shear Force and Bending Moment

Q.66 For the loaded beam shown in the figure, the
correct shear force diagram is

N

»

A

<—1L

A

[ —>

o}

2L

(b)

(©)
(d)
For the simply supported beam, shown in the

figure below at what distance from the support
A is the shear force zero?

Q.67

!
J

’ %

| L !

Q.68

Q.69

Q.70

Q.71

(a)

()

N~ N

For the beam shown in the given figure, the
maximum positive bending moment is equal to
the maximum negative bending moment. The
value of L, is

f— L — L f~— L —
L L
(a) N (b) Nel
L L
(©) 2 (d) oo

The maximum bending moment due to a moving
load on a fixed ended beam occurs

(a) at a support

(b) always at the mid span

(c) under the load only

(d) None of the above

If a beam is subjected to a constant bending

moment along its length then the shear force

will

(a) alsohave a constant value every where along
its length

(b) be zero at all sections along the beam

(c) bemaximum at the centre and zero at the ends

(d) be maximum at the ends and zero at the
centre

If the shear force acting at every section of a

beam is of the same magnitude and of the same

direction, then it represents a

(a) simply supported beam with a concentrated
load at the centre

(b) overhang beam having equal overhang at
both supports and carrying equal
concentrated loads acting in the same
direction at the free ends

(c) cantilever subjected to concentrated load at
the free end

(d) simply supported beam having concentrated
loads of equal magnitude and in the same
direction acting at equal distances from the
supports
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Strength of Materials
2. [@

. Load P
Nominal stress = —————— = —
Original area A

Load P

Actual stress = ————  —__
Actual area A

Actual area at instant of loading does not remain
constant and decreases with increases in
elongation actual stress is also called true stress.

Y ©

The temperature at which the creep becomes an
important consideration is called HOMOLOGOUS
TEMPERATURE and this temperature is nearly half
of the melting point temperature.

B

£ = log, (ILJ =In2=0.693

0
K )

AB=b=Dcosb, BC=d=Dsin®
bd? D cose.sin’ 0

Z =
6 6
| b |
A/T\B _
| D2
| <0
B d
D ! c

For zto be maximum E—O
z Ximu I

%[cose.Zsine cosO —sin®0] =0

or 2co0s?0-sin0=0

. 2 1
tand = 2 sing = /—,COSO=—)
3 J3
b 1
—=cote=—==0.707
d J2

14. Q)

Since the bar is free to expand, no stresses will
be developed in the bar.

[19. Q)
5
Go—L£  _125%10° ) hees 105 MPa
201+ )

2(1+0.34)
25. B

/=100 mm, d = 50 mm,
E=2x10%N/mm?, a.= 12 x 106/°C

o/
SI:QIAT,E:T,G:EE:EO(

=2 x 10°x 12 x 1076 x 100 = 240 N/mm?

E
E=2G(1+u) or 5=2><1.5=3
EJ )
E
= 2tep)
or, 1T+u= 120 =12
2 x50
u=02

31. [0

6 = EFocT=-200 x 103 x 103 x 30
= —6000 N/mm?

33. [0)

There are two independent elastic constants
E and G for an isotropic linear elastic material.

4
S = 4Pl/(pd? E)

EJ @

E=2G(1+u)=2x100(1+0.25)

= 250 GPa
YA (b)
For hydrostatic state stress = 0
6, =0,=0,= 0
1 (1-2u)

o (E)[G VG) = © 5 c
- EoT

S 1-2u
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E} @

Toughness is the total area under the stress-
strain curve upto fracture.

40. [

Coefficient of expansion of copper is more than
that of steel. Hence, copper will develop
compressive stress.

41. [E)]

Change in volume, 8V = 3o. cm?.

'YX (c)
E=3K(1-2v).Forv=0.30t00.34 E=K.

43. [T

Strength of steel increases with carbon content,
but Young’s modulus remains constant.

(d)

T
Weight of the bar, W = (Z)D%,

WL 2

o= SaETE

(b)

Proof resilience,

o) 4007

u =——=———— =0.4 N/mm?
maxT 2E 2% 2x10°

48. [E)]

Unit volume change = Volumetric strain
=e +e+e,

49. [C)]

While emptying a tank wall of the vessel moves
towards filled liquid which is analogous to passive
case while during filling the tank wall of the vessel
(tank) moves away from the liquid which is
homologous to active case.

E} b)

= % _ Ax =v.x
pe A A
If dimensions are
doubled then, T
ol =vy.nx i
v o.=0=n1 l

X

E} ©

E, = 0.44F,
Let the axial tensile stress = ¢,

GX
€. = E

GX

Gy = —Hf

GX

EZ = —I.L?

.. Volumetric strain,

€, = €, +t€,
o ()
“x(1-2u) = 0.44x—=*
=(1-2u)
. 1-2u = 044
= u = 028
54. [0)]
Bc O
)
o, =50 MPa
A

Let the plane be AB,
tan (90 - 30)= —-
50
..Shear stress t= 50 tan 60° = 86.6 MPa

E «©

P o P .2
0.=—SIN“0 = —sin“45°= ——
" g? a° 2a°
YA (a)
K- Stress
Volumetric strain
190 x 103 = %
eV
20 _3
= ——x10
- €7 190

. Change in volume of the ball

Av=¢e V= (%MO‘SMOOOMOS]WS

= 473 mm?3

60. [T

The strain in both the bars will be same,
Ps _ Pa

AE ALE.

S—S
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63. Q)

PS ’Da
=
ASBEa 3ASEa
= P, =P,
P
AS
P, P
), = —4=—-=30MPa
A, 3A,
P, = 3P,=90MPa
E, = 2E,=3F,
P, = 2P, =3P,
P, P
P+2+1 =
"o '3 55
= P, = 3kN

64. [0)

The stress in the rails will be developed due to
the expansion which is prevented.
.. Expansion = aL(50 — 30)
Prevented = (11 x 1078 x 30 x 103 x 20) mm
= 6.6 mMm
6.6

30x10°
44 N/mm?2

Stress x 2 x10°

66.[8)

The shear force in the span BC will be zero. The
shear force in the span AB and CD will be of
opposite sign.

(74 (d)

Reaction R tA—W—LXl—W—L
eaction fyat A= X7 =2

Let the point of zero shear force occur at section
X-X from left support A

.. Shear force at X-X
S - W_L_(H)xi
A &) L 2
.. For zero shear force we have,
W_L W)c2
6 2L
= 2 5 or x L
Xc= —= =—
3 J3

6s. [T

The BM can be found from the area of SFD.
The shear force diagram is

Maximum negative, bending moment,

wi?
M=%
Maximum positive, bending moment,
b W2 wiE
2 8 2
For M, = M,
L
LN
y(1} (b)
If M is constant then,
SF =0, as
am
SF = x
VAN (c)
lP
A B
P P
©
SFD
y£N (d)
Ry,xl=M
M
R, = 7
MKEE\
AR '/ AB
12—
R, l Rg
M/2‘
‘M/2
Span AC:
M. = Mx
]
M M
= — = M = -
Me 2 2
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