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General

Engineering Syllabus

Engineering Materials: Structure, physical and mechanical properties, and applications of common engineering materials
(metals and alloys, semiconductors, ceramics, polymers, and composites — metal, polymer and ceramic based); Iron-carbon
equilibrium phase diagram; Heat treatment of metals and alloys and its influence on mechanical properties; Stress-strain

behavior of metals and alloys.

Applied Mechanics: Engineering mechanics — equivalent force systems, free body concepts, equations of equilibrium; Trusses;
Strength of materials - stress, strain and their relationship; Failure theories; Mohr's circle (stress); Deflection of beams, bending

and shear stresses; Euler’s theory of columns; Thick and thin cylinders; Torsion.

Theory of Machines and Design: Analysis of planar mechanisms, cams and followers; Governors and fly wheels; Design of
bolted, riveted and welded joints; Interference/shrink it joints; Friction and lubrication; Design of shafts, keys, couplings, spur

gears, belt drives, brakes and clutches; Pressure vessels.

Thermal and Fluids Engineering: Fluid mechanics - fluid statics, Bernoulli's equation, flow through pipes, laminar and turbulent
flows, equations of continuity and momentum, capillary action; Dimensional analysis; Thermodynamics — zeroth, first and
second laws of thermodynamics, thermodynamic systems and processes, calculation of work and heat for systems and control

volumes; Air standard cycles; Heat transfer — basic applications of conduction, convection and radiation.



2 / Applied Mechanics

A component made of a material with a modulus If the values of strain indicated in the three strain
of elasticity of 200 MPa and modulus of rigidity of gauges are
80 MPa experiences an axial strain of 1000. The ep=100 x 107
lateral strain experienced by the component within e =150 % 106 and
the elastic limit is So_ 200 x 10-6
H - )
(a) 250 (b) 400 the largest principal strain is
Figure below shows a mass of 300 kg being (c) 300 x 1076 (d) 350 x 106[2008 : 2 M]
pushed using a cylindrical rod made of a material m A cantilever beam XY of length 2 m and cross-

having £=22 MPa and of 2 mlengthand 0.1 min
diameter. In order to avoid the failure of the rod
due to elastic instability, the maximum value of
the coefficient of Coulomb friction permissible
between the mass and the floor is

sectional dimensions 25 mm x 25 mm is fixed at
X and is subjected to a moment of 100 N-m and
an unknown force Pat the free end Yas shown in
the figure. The Young’s modulus of the material of
the beam is 200 GPa.

P
Mass I J
Force ——f- oo )100 N-m
K ’
(@) 0.22 (b) 0.36 _ ‘
(c) 0.65 (d) 0.75 [2007 : 2 M] If the deflection of the free end Y'is zero, then the
The state of stress at a point in a body under value of P(in N} is
plane stale of stress condition is given by (a) 67 (b) 75
60 O (c) 133 (d) 150 [2008 : 2 M]
[ 0 20:| MPa. The maximum shear stress (in A frame of square cross-section of (a x a) is as
MPa) is shown inthe figure. The stress near the fixed end
(@) 0 (b) 20 on the upper side of the frame is
(©) 30 (d) 40 [2008 : 1 M] 10a
p XM A shaft of diameter 10 mm transmits 100 W of
800
power at an angular speed of o rad/s. The 1002 I
maximum shear stress (in MPa) developed in the 58P 59P
shaft is @ — (b) —
a a
@2 (b) 4 60P 61P
(c) 8 (d) 16 [2008 : 2 M] ©) — d) — [2008 : 2 M]
a a

A strain rosette, as shown in the figure, has three

strain gauges P, Qand R. m A steel wire of diameter 2 mm is wound on a rigid

drum of diameter 2 m. If the Young’s modulus of

d the steel is 200 GPa, the maximum stress (in MPa)
in the steel wire is
(a) 50 (b) 100
R D (c) 200 (d) 400 [2008 : 2 M]
Q
45° m A biaxial stress element is subjected to tensile
45° and shear stresses as shown in the figure. If 6=
— 40 MPa, Gy=2O MPa and Ty=T,= 15 MPa.
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The principal normal stresses (in MPa) are:
y

O,

y T

yx

Tyx ¢ G}/
(a) 5and 55 (b) 10 and 30
(c) 12and 48 (d) 20and 40[2009 : 2 M]

A rigid massless link YZ of length 100 mm is
connected at one end to another massless link
XY of the same length by means of a frictionless
hinge at Y and at the other end to a fictionless
roller, as shown in the following figure. The link XY
is connected to the wall by means of a frictionless
hinge at point X. The roller is connected to a
massless linear spring with a spring constant
10 kN/m. A point force of 100 N is applied at point
Y as shown in the figure. At equilibrium, each of
the links XY and YZmakes an angle 6 = 30° with
the horizontal. Under this situation, the stretch of
the spring (in mm) is

X 30° 30°

L v
@ 23
(©) 53

&) 233
@ 1043

A circular steel shaft is under elastic deformation
due to torsion. The relationship between modulus
of elasticity (E) and shear modulus of elasticity
(@), taking v/m as Poisson’s ratio, is

[2010 : 2 M]

(@ G=2E(1+v) (b) E=2G(1 +vV)

oF e
© G=ay @ E=Gr9
(2011 : 1 M]

Two circular steel bars having same length L are
subjected to equal load P. The first bar has
diameter dover its entire length, while the second
bar has diameter 2d over two-thirds of its length
as shown in the figure. Assuming linear elastic

behaviour, the ratio of strain energy of the first bar
to that of the second bar is

2d
—>d~— L L
%Iw
B T
Yo Yo
@ 5 (0) 4
©) % d 2 [2011:1M]

m A cantilever beam AB of length L, rigidly fixed at
end A, is uniformly loaded with intensity g
(downwards) over two-thirds of its length from the
free end Bas shown in the figure. The modulus of
elasticity is Eand the moment of inertia about the
horizontal axis is I. The angle of rotation at the
free end under the applied load is

q
B
A
L/3 | 2L/3 I
7913 13g13
@) Z8Er ©) 235
11g13 ql® _
(c) 60E] (d) SAE] [2011 : 2 M]

A short column of length L having cross-sectional
area of 50 mm by 100 mm is pinned at the ends.
The proportional limit of the column is 250 MPa
and modulus of elasticity is 200 GPa. The minimum
length of the column (in m) at which it will buckle

elastically is
(a) 5.25 (b) 2.25
(c) 1.65 (d) 1.15 [2011:2 M]

For along slender column of uniform cross section,
the ratio of critical buckling load for the case with
both ends clamped to the case with both ends

hinged is
(@) 1 (b) 2
(c) 4 (d) 8 [2012: 1 M]

A cantilever beam of length L is subjected to a
moment M at the free end. The moment of inertia
of the beam cross section about the neutral axis
is I and the Young’s modulus is E. The magnitude
of the maximum deflection is
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M2 M2 P P(E, - Ey)
@ 5= (b) —=- @ — ®) AE +E
2E1 Er A (Ey+Ey)
2MI? 4MI? PE, PE,
d 2012: 1M = - :
(© = (d) =, [ ] () AE, (d) AE, [2013 : 1 M]
The state of stress at a point under plane stress y .41 A simply supported beam of length L is subjected
condition is

o, =40MPa 6, =100MPaandt =40 MPa.
The radius of the Mohr’s circle representing the
given state of stress in MPa is

(a) 40 (b) 50

(c) 60 (d) 100 [2012: 2 M]

Common Data for Questions 2.18 and 2.19 :

Two steel truss members, AC and BC, each having cross
sectional area of 100 mm?, are subjected to a horizontal
force Fas shown in figure. All the joints are hinged.

The maximum force Fin kN that can be applied at
C such that the axial stress in any of the truss
members DOES NOT exceed 100 MPa is

(@) 8.17 (b) 11.15
(c) 14.14 (d) 22.30  [2012: 2 M]

If F=1KkN, the magnitude of the vertical reaction
force developed at the point Bin kN is
(a) 0.63 (b) 0.32
(c) 1.26 (d) 1.46 [2012: 2 M]

A rod of length L having uniform cross-sectional
area Ais subjected to a tensile force Pas shown
in the figure below. If the Young’s modulus of the
material varies linearly from E, to E, along the
length of the rod, the normal stress developed at
the section-SS is

to a varying distributed load sin (3w x/L) Nm™',

where the distance is measured from the left

support. The magnitude of the vertical reaction

force in N at the left support is

(a) zero (b) L/3m

(c) Un (d) 2Lr [2013 : 2 M]
Relationship between Young’s modulus (E), Shear

modulus (G), and Poisson’s ratio (i), for a material
obeying the Hooke’s Law, is

G 2G
E= E =
@ == (T+u)
(c) E=G(1+w) (d)y E=2G(1 + )
[2014 : 1 M]

An element, shown below, is subjected to
stresses: 6, = 5 kN/mm?, 6, = 3 kN/mm?and t =
1 kN/mm?. The magnitudes and direction of
principal stresses o, o, (in kN/mm?) and ¢ (in
degrees) are

y o,

<
%S

™S

Sy

(@) 5.41,2.58,-22.5 (b) 5.41,2.58, -45
(c) 5.0,3.0,-225  (d)4.0,4.0,-22.5
[2014 : 2 M]

A uniformly distributed load (q) of 1500 N/m is
applied on a simply supported beam LMN with
an overhang of 0.5 m. Which one of the following
statements is FALSE?

lllllUl11llllHlllllH@HHMJHHHH}llllllllllllll--
£z|ﬁ_ Zr:S N




46 |

GATE Previous Years Solved Papers: [l | MADE EASY

(a) Reactionforces at Land Mare 1 kN and 2 kN

(b) Bending moment is zero at the points L, N
and at a point in between L and M

(c) The bending moment is zero at points L and
Nonly

(d) The shear force is zero at points L, Nand at a
point in between L and M [2014 : 2 M]

A hard ceramic marble, having density (p) of
3000 kg/m® and diameter (d) of 0.025 m, is
dropped accidentally from a static weather balloon
ata height of 1 km above the roof of a greenhouse.
The flow stress of roof material (o) is 2.5 GPa. The
marble hits and creates an indentation on the roof.
Assume that the principle of creation of indentation
is the same as that in case of abrasive jet
machining (AJM). The acceleration due to gravity
(9) is 10 m/s?. If Vs the velocity, in m/s, of the
marble at the time it hits the greenhouse, the

indentation depth (8 = 1000 x ,/% xdxV), in
mm is . [2014 : 2 M]

The true stress at fracture of a tensile tested
specimen, having an initial diameter of 13 mm, is
700 MPa. If the diameter of specimen at fracture
is 10 mm, then the engineering stress, in MPa, at
fracture is . [2015: 1 M]

If the principal stress values are 120 MPa, -50 MPa
and 10 MPa in a given state of stress, then
maximum shear stress in the material, in MPa, is

[2015: 1 M]

A metallic bar of uniform cross-section with
specific weight of 100 kN/m?3 is hung vertically
down. The length and Young’s modulus of the bar
are 100 m and 200 GPa, respectively. The
elongation of the bar, in mm, due to its own weight

s : [2015 : 2 M]
A beam is loaded as shown in the figure.
10 kN
im
) v
6 kN
- Q R AR S
[ [o] o] |
—
| 2m f 2m f 2m |
The bending moment, in Nm, at point R is
___________ [2015 : 2 M]

A beam is subjected to an inclined concentrated
load as shown in the figure below. Neglect the
weight of the beam.

/

Js 2

The correct Free Body Diagram of the beam is

(a)

A A

)
' o
;
>

[2016 : 1 M]

A bar of rectangular cross-sectional area of 50 mm?

is pulled from both the sides by equal forces of
100 N as shown in the figure below. The shear
stress (in MPa) along the plane making an angle
45° with the axis, shown as a dashed line in the
figure, is

100 N<— \}\\ —=100N

[2016 : 2 M]

A1 mx 10 mm x 10 mm cantilever beam is

subjected to a uniformly distributed load per unit
length of 100 N/m as shown in the figure below.
The normal stress (in MPa) due to bending at point
Pis

Point P 100 N/m
\HJHHHHHHHH
1m i

[2016 : 2 M]
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A thick-cylinder has inner diameter of 20 mm and

outer diameter of 40 mm. It is subjected to an
internal pressure of 100 MPa. Follow the convention
of taking tensile stress as positive and
compressive stress as negative. The sum of radial
and hoop stresses (in MPa) at a radius of 15 mm
is . [Round off to two decimal places]
[2022 : 1 M]

In the three-member truss shown in the figure,

AC = BC. An external force of 10 kN is applied at
B, parallel to AC. The force in the member BC is

B
p<— 10kN
\45"
iy :
(a) 10 kN (compressive)
(b) 7.07 kN (tensile)
(c) 10kN (tensile)
(d) zero [2022 : 2 M]

A thin cylinder has length L, diameter d, and

thickness t. It is made of a material with modulus
of elasticity £ and Poisson’s ratio u. When the
cylinder is subjected to an internal pressure P,
the change in length is

PdL(1 ) PdL 5
o2 M

(a) 21‘_E( -1

(b)

m Applied Mechanics

2.1
2.8
2.15
2.22
2.29
2.36

2.43
2.50

2.57

(a) 22 (b) 2.3 (b) 2.4

(c) 29 (o) 2.10 (d) 2.11
(c) 2.16 (a) 217 (b) 2.18
(d) 2.23 (a) 2.24 (o) 2.25
(14) 2.30 (b) 2.31 (1) 2.32
(b) 2.37 (d) 2.38 (18.75) 2.39
(b) 2.44 (c) 2.45 (d) 2.46
(c) 2.51 (147.15) 2.52 (a) 2.53
(c) 2.58 (a) 2.59 (0.35) 2.60

PdL

© Zg(-20) @

PdL 1_)
w2 M

[2023 : 1 M]

A solid circular disk of 0.025 m thickness is used

as flywheel. The density of the disk material is
7800 kg/m? and the mass moment of inertia of
the disk about its center is 4.36 kg-m?. The radius,
in m, of the disk is ____ (round off to 2 decimal
places). [2023 : 1 M]

A massless beam is fixed at one end and
supported on aroller at other end. A point force P
is applied at the midpoint of the beam as shown
in figure. The reaction at the roller support is

P
L L
2 2
5P 2P
(a) 6 (b) 3
4p 9P
(c) o (d) o5
[2023 : 2 M]
EEEE
a) 2.5 (a) 26 (b 2.7 (d)
b) 2.12 (d) 2.13 (b) 2.14 (d)
b) 2.19 (a) 2.20 (a) 2.21 (b)
1.5811) 2.26 (414.201) 2.27 (85) 2.28 (2.5)
300) 2.33 (0.81) 2.34 (a) 2.35 (1.4)
a) 2.40 (20,000) 2.41 (1600) 2.42 (0.9428)
a) 2.47 (404.14) 2.48 (0.18) 2.49 (-5773.5)
b) 2.54 (c) 2.55 (100) 2.56 (66.66)
a)
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Given : Modulus of elasticity, E = 200 MPa
Modulus of rigidity, C = 80 MPa
Axial strain = Longitudinal Strain = 1000
To find : Lateral strain
We know that Poisson’s ration, p
_ Lateral strain
~ Longitudinal strain
and Poisson’s ratio can be calculated using
E=2C1+W
On substituting values,
200 = 2 x 80(1 + )
1256=1+u=pu=025
Lateral strain

025 =

1000
Lateral strain = 250
22 I8
Given :
Mass of block, M = 300 kg

E of rod, Young’s modulus,

E = 22 MPa
Length of rod, L=2m
Diameter of rod, d=01m

To find : Maximum value of coefficient of friction,
| between block and ground to prevent failure of
rod due to elastic instability.

23 [0
60 O

Given : Stress modification as [ 0 20:| MPa

To find : Maximum shear stress

Gxx ny
We know that the stress tenser is
o} c
yxo Py
On comparing with the given stress tensor, we
found that
o, = 60, G, = 20 and 6,=0,= 0

Syy

So, this can be expressed as shown in figure. We
know that maximum shear stress is given by
radius of Mohr’s circle which is given as

T = %\/(cy -0,) +4c2,

_ 1 (60 —20)* -0 = %x40 =20 MPa

2

B2l @

Given: Diameter of shaft, d = 10 mm
Power to be transmitted, P= 100 W

800
Angular speed, o = — rad/sec

To find maximum shear stress developed in the

shaft.
We know that power, P = Tw
T = Torque
100 = T x @
T
100m
T= N/m
- 800
We also know,
r_zx
J R
T = Torque

J = Polar Moment of inertia
T = Shear stress developed
R = Radius of shaft
100 x 1000 x 32 T
800 x m x (10"

- 10/2
10x1000x 32 _
800 x 1000

T =2 N/mm? = 2 MPa
El @
Given : A strain rosette arrangement as shown.

y
all
Q
45°
45°
1
L T
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Value of strains,

€p=100x10°°

€q=150x10"°
ande, = 200 x 106
To find : Largest principal strain.
We know that for the given arrangement of strain
rossette, the principal strains can be calculated
as

€ /€ =—=-(ep +€g)

1
2

y
+ E\/(ep —ep) +(2 eq —ep — )’
Here, we are required to find out maximum strain

so we will use ‘+’ sign.

;
€, = E(ep + €p)

1

+ 5 (ep —er)f + (2 €g —€p —€p)?

On substituting the values, we get

.

1
2

%\/(1OO><1O’6—200><1O’6)2 +

(2(1.50 x 10°) - 100 x 106 — 200 x 10°6)2
€, = 1 x 107 x 300

2

+ %\/(—100 x10)2 +0

€, =150x10° + % x 100 x 107

= 200 x 106
Maximum principal strain = 200 x 1076

B ©

Given : Length of beam, L =2 m

PJ
I )100 N-m
I '

Cross sectional dimension of beam

= 25 x 25 mm?2
Moment at free end Y,
M = 100 Nm

Load atfreeend Y=P
Young’s modulus,

E = 200 GPa
To find : Value of P, so that deflection at Y'is zero.
For deflection at Y'to be zero, upward deflection
of beam due moment should be equal to
downward deflection of beam due to P.

Upward deflection due to moment is given as Y,

M2
Y, = — ..(1
M= 2ET M
Downward deflection due to pointload, Y,
P2
Y, = (2
P BEl @

On equating egns., (1) and (2), we get
M? P2  3M

5“3 2L "
3 100Nm _
2" oM
P=75N

(d)

Given : Frame with square cross section (ax a)

P
10a

|
100a |

To find : Stress near the fixed end on the upper
side of frame.

The loading on the frame can be simplified as a
load P @ point A with a moment of 10 Pa in
clockwise direction at A.

A/10 Pa ;

100a \

The stress at point A is direct stress due to load
P and bending stress due to moment 10 Pa.

Direct stress = Load = ﬂ = ﬂ

Area & &
Bending stress is calculated using flexural formula
M f
1y
where M = Bending moment
I = Moment of inertia
f = Bending stress
and y = Distance of most distant fibre
from neutral axis
at a
M=10Pa, = E,y= 5
10Pa  F
atne a2

Total stress = Direct stress + Bending stress

P e _ 6P
a & a°
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Given: Diameter of wire,
d=2mm
Diameter of rigid drum on which wire is wound
=2m
Young's modulus of steel,
E = 200 GPa
To find : Maximum stress in steel wire.
We know that maximum stress can be found
using flexural formula,

M f E
7 y R
using i - E
)% R
where, f = Bending stress
E = Young’s modulus
R = Radius in which wire is wound
y = Distance of most distant fibre
in wire from neutral axis of wire
Here, y=1mm, R=1m,

E = 200 x 1000 MPa
On substituting these values, we get

f  200x1000 N/mm?

imm 1000 mm
f = 200 N/mm?2 = 200 MPa

EEN ©

Given : Stress in x direction, ¢, = 40 MPa
Stress in y-direction, o, = 20 MPa

Shear stress, Ty =T, = 15 MPa

To find : Principal normal stresses

We know that principal stresses are given as

6,+0 1

Op., Op, = B St A —\/(csy ~0,) +41,
2 2

Op,, Op,= 40;20 i%\/(20—40)2 +4x15°2

=30+ 18.027
SO,GP1 = 30 + 18.027 = 48.027 MPa
Op, = 30-18.027 = 11.9722 = 12 MPa

211 [0

Given :
E = Young’s modulus of elasticity
G = Shear modulus of elasticity
and v = Poisson’s ratio
We know that E = 2G(1 + v) is relation between
the three.

2.12 [{C)

Given : Two bars

Forbar1: L = Length
d = Diameter
P = Load
Let its Young’s modulus = £
Forbar2: L = Length
Dia = dfor L
3

Dia = 2d for %L Load =P

Let Young’s modulus = £
To find : Ratio of strain energy stored in bar 1 to
that of bar 2.

L 2L/3
lP g L3
P

We know that strain energy stored

1 62
= — —AL
2 E
where o = Stress in bar
L = Length of bar
A = Area of bar
E = Young’s modulus
For bar (1),
. 1 PP 1 P
Strainenergy = —X——=xAL = —x—xL
V= e 2" AE
2
- 1AL (1)
2 rnd E

Strain energy stored for bar (2) = Strain energy

stored in % length + strain energy stored in %L

length
_ 1P L, 1P 2L
- 2EA 3 2E A 3
1 4pP? L 1 4P?x2L

T 2F nd? X3 T 2E n(2d)° x 3
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4P?L N 4P x 2

OFmd® x3  2Emx4d® x3
. BPL 2P @)
2Enxd®x3  2rEd®
Ratio = 1:2

_Strain energy in bar 1
~ Strain energy in bar 2

4P?L  2mEd?
nd°E  2P°L

EBH ©

Slender column is given and we have to find
(F5) both end clamped
(F,,) both end hinged
F., = Critical buckling load
(F.,) both end clamped ATPET 12
(F,,) bothend hinged = 2~ 22g]

B @

Given : Cantilever beam

E = Young’s module, L = Length of beam

I = Moment of inertia, M = Moment at free end
To find : maximum deflection

| )
I L |
We know that when a cantilever is subjected to
moment M at free end, maximum deflection is
M2
2EI
yAVA (b)

Given : 6, = 40MPa, 5, = 100 MPa

and 7, = 40MPa.

To find the radius of the Mohr’s circle representing
the given state of stress in MPa is

We know that radius of Mohr’s circle is

1 2 2
= E\/(csy -0,)" + 4wy

S %Ju 00 — 40)? + 4 x 402

= %\/3600 + 6400 =50 MPa

Radius of Mohr’s circle for above stress is 50 MPa.

218 [0

Given : Two truss members AC and BC with cross-
sectional area of 100 mm? both. All joints are
hinged.

To find : Force F that can be applied without
exceeding a stress of 100 MPa.

Let T, = Tension in AC and T, is tension in BC.

Applying Lami’s theorem,

L oL __F
sin120°  sin135°  sin105°
We know that according to Lami’s theorem

A B C
sino.  sinp  siny
Here, we get, T, = 0.8965 Fand T, =0.7320 F
So, maximum force is T,. Stress generated in AC

should not exceed 100 MPa, so

100 = L
"~ Area
0.8965F
100 = ———
100
= F=11154.48N = 11.154 kN

[2.19 [8)

To find : Vertical reaction at point B.
Vertical reaction at Bbe V.

Vg = T,sin60°
From previous question,

T, =0.7320 F
Here, F=1KkN
So, T, = 0.7320kN

Vg = 0.7320 x sin 60° = 0.63393 kN
So, Vertical reaction at Bis 0.63393 kN.
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m (a) Here shear stress is —ve as it is acting in —ve
Given : L = Length of rod direction of axes.

A = Uniform cross sectional area
Young's modulus varies linearly from £, to E, along
the length.

—>S

_>S
L/2
!._ _.|L |

To find normal stress developed at section S-S
Load _ P

Area A
Stress does not depend on Young’s modulus E.

2.22 {0

Given:

Stress =

E = Young’s modulus

G = Shear modulus

u = Poisson’s ratio

To find relationship between E, Gand n
We know that,E= 2G(1 + )

So, option (d) is correct.

Given o, = Stress in x direction
= 5 kN/mm?

o, = Stress in y direction
= 3 kN/mm?

T = Shear stress = 1 kN/mm?
Tofind o, 6,, two principal stresses and direction
¢ of principal stress.
We know that principal stress is given by

02

2234 L fa=5p +ax (-
2 T2
= 4+1.4142
o, = 4+ 1.4142 = 5.4142 kN/mm?
o, = 4-1.4142 = 2.5858 kN/mm?

6,0, =

tan2p= —=-— =200 _ 2 _ 4
6,-0, 5-3 2
2 = —45°
0= —225°
So, o, = 5.4142kN/mm?
G, = 2.5858 kN/mm?
0= —225°

2.24 8

The bending movement is zero at point L and N
only.
Given : Simply supported beam LMN with support
at L and M. MNis overhanging part.
Uniformly distributed load,

g = 1500 N/m
To find incorrect statement from given statements.

g = 1500 N/m

A

M 1.5m M=<0.5 m>N
To find out reaction at L and M. Let us convert the
UDL into point load.
3 kN

. M

T Tm } T1 m |

V, =1kN Viy=2kN
UDL will act at centre and the magnitude of that
point load will be 1500 x 2 N/m x m = 3000 N
=3 kN
Let reaction at L and Mbe V, and V,,
Total downward force = Upward force
V, +V,, = 3000 (1)
Taking moment about L
3000x 1 =V,,x15

3000
Viy = =5 = 2000 N = 2 kN
V, = 1000 N = 1 kN
So, reaction at L and Mare 1 kN and 2 kN.
Drawing shear force and bending moment.

Using section method given below :
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y atx=15m, at M,
i ='aatalaValalalalalalalalalalatalalatalalata Py (SAy=1-225+2=075kN
. 15m T 0.5m | atx=2m,atN,
1IN 2 kN (SPy=1-225+2-1505)=0
! Bending moment at section,
] kN‘ N 071 (BM), = 1(x)—2.25(x~0.75) + 2(x— 1.5)
: |  15(x-15)
| Z
: Shear Force Di —1.25kN atx=15m, at M
! earroree Flagram (BM),,= 1.5—1.6875 + 0 -0 = -0.1875 kNM
atx=2matN
H +
| 1 5057
L: M N (BM)y=2-2.8125 + 2(0.5) - @
=2-28125+1-0.1875=0kNm
-0.1875 kNm It is clear from the shear force and bending

W

Taking a section X-Xat a distance x from L between
L and M.

1.5 kN/m M

T N

1 kN X 2 kN

1

I 1.5m } 0.5m |
Shear force at section,
(SF)y = TkN-1.5x x kN
x=0atL,(5F), = 1kN
x=15matM,
(SFy =1-225=-125kN
Bending moment at section,

(BM)x = 1x x —1 .5(x)%

atx=0at L,
(BM), = OkNm
atx=15matmM,
2
(BM),, = 1><1.5—1.5@
= -0.1875kNm

Now taking a section XX at distance x from L
between Mand N.

Mand N
2.25 kN ®
1. |
I P *
T 0.75 : 0.75 T
kN 2kN X

Converting UDL between L and Minto point load

which will act at 0.75 m from L and magnitude is

2.25kN.

Shear force at section.
(SFy=1-225+2-15(x~-1.5)

moment that bending moment is zero at ponts L,
N and at a point between L and M.

Also, shear force is zero at points L and Nand at
a point between L and M.

So, incorrect option is (c). the bending moment is
zero at pont L and N only.

m (1.5811)

Given :
Density, & = 3000 kg/m?
Diameter of marble,

d=0.025m
h = height from which marble is
dropped

h=1km = 1000 m
Flow stress of roof material,

o =25GPa=25x 10%N/m?
Acceleration due to gravity,

g=10m/s?
To find depth indentation which is given by

6= 1000 x L><d><me
60

When marble is dropped from 1 km, its potential
energy is converted to kinetic energy

15
h= —mv
mg 5

m = mass and v = velocity

v=/2gh = Y2x10x1000
= 141.421 m/s

Depth of indentation (in mm),

6= 1000 x /LOE)XO.025X141.421
6x2.5x%x10

=1000 x 4.4721 x 1074 x 3.5355 = 1.5811 mm

where
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m (414.201)

Given :

Initial diameter,
d,=13mm

Diameter at fracture,
d,=10mm

True stress at fracture = 700 MPa
To find engineering stress at fracture.
We know that
Load
Instantaneous area
Fracture load
Fracture area
Load

Initial area
Engineering stress at fracture

_ Fracture load

— -(2)
Initial area
Using eqgn. (1) and substituting values,

Fracture load

n 2
1(10)

700 x n(10)

True stress =

So, true stress at fracture =

Also, Engineering stress =

700 =

=Fracture load =
Putting this value of fracture load in egn. (2)

700 % = x (10)2
Engineering stress at fracture = -4
T sy
4
= 700X100 _ 444 201 MPa
13x13

So, engineering stress at fracture = 414.201 MPa.

byl (85)

Given : Principal stress values as
Opy = O = 120 MPa
Op, = Oy, = —50 MPa
Op = 10MPa
To find : maximum shear stress
We know that, maximum shear stress,

OSpmax ~ OpPmin — 120-(-50)

Trax = 5 5 = 85 MPa
Maximum shear stress,
Trax = 89 MPa

m (2.5)

Given : specific weight of bar,
v = 100 kN/m?3
L = Length of bar = 100 m

E = Young’s modulus = 200 GPa

To find elongation of bar due to its own weight.
We know that elongation of bar due to self weight
2

is given as % = 0/, where &/ = elongation.

On substituting values, we get

100°m? m?
87 = 100 x 1000 N/m? x %—
2x200x10° N

100 x 1000 x (100)> m

2x200x10°
=25x%x103m
0=25mm
229 [
10 kN
1m 6 kN
2m | 2m | 2m

Given: Beam as shown in figure.
To find out : Bending moment at R.

In the above beam, the frame attached at Q can
be replaced by aload 10 kN at Q and a clockwise
movement of 10 kNm at Q.

The load at Rcan be resolved into 2 components.
6 kN cos 30° horizontal = 5.196 kN horizontal
and 6 kN sin 30° vertical = 3 kN vertical

On doing as one changes the beam will be like as

below :
10 kKN 3 kN
p /i\ ~——5.196 kN s
Q ) R
2m f 2m f 2m
Ve J Vs
10 KNm

Finding reactions at Pand Q,
All upward forces = Downward forces
Vp+ Vy=10+3
= Vp+ Vg = 13kN (1)
Taking moment of all forces about P,
20+ 10+ 12 = Vgx6
42kNm = Vgx6m
Vg =7kNand V,=6kN
If we consider right part of beam, i.e., RS, the
bending moment at R due to reaction at Sis Vgx
2m =7 x 2 = 14 kNm. Bending moment at point R
is 14 KNm.





