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[AATE 2016 Solid Mechanics

D : SOLID MECHANICS
Q. 1-10.9 carry one mark each.

Q1 A single degree of freedom vibrating system has mass of 5 kg, stiffness of 300 M'm and damping
cocflicient of 100 M-2'm. To make the system cntically damped

(A} only the mass is to be mcreased by 1.2 timees.

(B) only the stiffness is to be reduced to half.

(C) only the damping coctficient is to be doubled.

(I3} nochange in any of the system parameters 15 required.

32  A"L" shaped robotic arm AB 15 connected to a motor at end A and a magnetic gripper at B as
showm in the figure. If the arm 15 rotating with an angular velocity of 2 rad/s and an angular
acceleration of 3 rad/s®, the magnitwde of the acceleration {in m-'s.l} of the end B 15

(A)20 (Bir25 i et

33 A block of weight 1080 N 15 in static eguilibrium on an mclined plane which makes an angle 157
with the horizontal. The cocfficient of frichon between the inclined plane and the block is 0.3, The

magnitude of frichion force (in N) acing on the block is

XE =
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04

0.5

0.6

0.7

(.8

The lower end A of the ngid bar AB 15 moving honzontally on the floor towards night with a
constant velocity of 5 m's and the point B 15 shding down the wall. The magnitwde of the wvelocity

of point B at the instant & = 30° is

Floor

(A) zero (B} 434 m's (Chy 725 mis () E66mis

The state of plane stress at a point in a body 5 shown m the figure. The allowable shear stress of the
material| of the body s 200 MPa. According to the maximmum shear stress theory|of failure the
maximujm permussible value of & (imn MPajis

5

T
[
=

For a slender steel column of circular cross-section the eritical buckling load is Pﬂ . If the diameter

af the column 15 doubled (keeping other matenal and geometrical parameters same), then the
critical buckling load of the column is

(A) P 116 (BYE P, (C) 2P, (D) 16 P,

A closed than eylindrical pressure vessel having an internal diameter of 1000 mm and a thickness of
10 mamn 15 subpected to an internal pressure of 4 MPa. The maximum shear stress (in MPa) induced
i the eylinder s {neglect the radial stress).

A solid circular shaft subjected to pure torsion develops a maximum torsional shear stress of
120 MPa. Keeping the torsional moment same, if the diameter of the shaft is doubled then the

maximum shear siress (in MPa) induced in the shaft 1s

XE
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[AATE 2016 Solid Mechanics

(3.9  (Ona single straight track, a vehicle of mass 500 kg moving with a velocity of 25 m's simikes
another vehicle of mass 250 kg moving with a velocity 10 m's in the same direction. Afier the
imyract, if both the vehicles stick together, the common velocity {in m's) with which both the
vehickes will move togetheris

Q. 10 - ). 22 carry two marks each.

Q10 A system with three forces and a concentrated moment at A 15 shown m the figure. The system is
replaced by an equivalent foree system with a single foree and a single cowple at point “(°. The
magnitude {in M-m) of the equivalent cowple at "0° 5

.11 A block A on a smooth inclined plane 15 connected to block B as shown in the figure using an
inextensible cord which pass over a mass-less and friction-less pulley.  Initially, the block B is
constrained to be at rest)\JF the constraint on block B is released, the magnitude of velocity {in mv's)
of the block "B after 2 seconds from its releaseis _ {assume g =10 mis’).

10 kg
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(3.12  The wibrating system shown i the figure cames a mass of 10 kg at the free end, where the static

Q.13

deflection 15 | mm. This system 1s to be replaced by an equivalent vibrating spring mass system
having eguivalent mass of 2 kg (assume g =10 m's’). The natural frequency (in rad's) and the
stiffness (in kMN/'m) of the equivalent system respectively are

(A} 10and 20 (B) 20 and 100 (Ch 10 and 20 (D} 1000 and 20

A beam|having flexural rigidity EJ and length L is subjected to a concentrated end moment A, as
shown Iﬂ'n: figure. For Ef=4x10" N-m*, L=1m and M, =8kN-m, the stfain energy stored

{in kN-m) in the heam and the rotation (in rad) at the free end respectively are

| N\ M,

(A} B and 0.02 (B) 500 amd 2.00 (Ch E.00 and 0.0 (D) 080 and 2.00

XE-I
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[AATE 2016 Solid Mechanics

.14 At a pomt "0 on a metal sheet a square OABC of a unit side length is drawn. The square
undergoes a small wniform elastic deformation and deforms to QA*B*C* (dashed lines) as shown

in the figure. All dimensions are in mm and the figure 15 not to scale. The normal strams £, £

and shear sirain y_ developed i the square respectively are

)

A0S —

R OLEES

-'1.__ .-".__
Y Y U
'y Al )
A I %
1.3
(A =0.0020, 0.0025 and 0.0020 (By 00020, —0.0025 and = (L0020
(Cy 0025, = 00020 and 00020 (D =0.0020, 00025 and = (L0020

.15 Mohr’s circle for the state of plane stress at a poinit 15 shown in the figure. Unit of stress is MPa and
the circle is drawn not to scale. Which one ofthe following options (stress values in MPa) s true?

F () e + T (shear siress)
— 0 — Origin of @ — T axis
(Ta, Tald A C — Center of Mohes circle
0 (o, ) gﬂnurmal siress)
(G2, 0) c —
40
A S
- O, Ti)
—a{ 2]

I:.A.]-El'_' - —5'], o, = Iﬂ,, oy = Jlﬂ, o, = =T (B} o, = —5'1 oy =2ﬂ|._ o, = Jlﬂ, o, = =50
iy e, = =30, [ =30, €T, =30, T, = =10 (D) o, = =20, &y =10, F, = 50, T, = =30
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Q.16

As showm in the figure, limks AE and CD support the ngid member BD. Links AB and CD are
made of aluminunm alln}'l[E = |00(GPa ) and each has a cross-sectional area of 100mm*. All the

members are pin connected and all the dimensions are m mme Neglecting the weights of the
members, the elongation (in mm) of the link AB is

6 kN

.17 Figure shows an elastic beam of constant flexural rigidity EV and length £ . The fransverse
deflectign wi{x) for the beam is represented by the cquafion v(x) = M| |[.1.'1 ~xfL ]’IFHEI Ly,
where M, is the applied couple. If L =100mm and_§f, =100 N-mm , then the magnitude of the
shear force (in N) at the middle of the beam (st x=L/2) s _

vx)
' -
, =
0
x i
: |
XE-D 5
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CAATE 2006 Solid Mechanics

Q.18 Which one of the following represents the comrect bending moment diagram of the beam POQR
lxaded as shown in the figure?

R 2m -—A) 5 m4~‘
P Q IFL
= - |
“J
0.5m
10KN
il
\.JS
y [OKN
(A) (B)
P Q R
_Jﬂk]'"-'qn
Z5kN-m
(C) (D)
Vﬂ H 3 = -
20KN-m 25kN-m

(.19 A point in a body is spbjected to plane state of stress in XY plane. If o, = 140MPa,
er, = 60MPa and the major principal stress is 150 MPa, the magnitude of the in-plane shear stress

r,, (m MFPa) is
(A) 75 (B) 30 (C) 40 (D) 70
XE-I =
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Q.20 A 40 mm diameter rodor shaft of a helicopier transmits a torque T = 0,16 & kIN-m and a tensile force
P =24 m kN. The maximuom tensile stress (in MPa) induced in the shafiis . Usethe
valoe of m=3.1416

>

P

21 A woodfn block of length 400 mm, width 50 mm and depth 100 mm 15 subjecte to uniaxial load as

shoam o
plane an

O the figure.  An inclined plane ABCT) 15 shown which makes an angle [ wath the XZ
d the line CD is parallel to the Z-axis. The nommal stress on the plane ABCD 15 o, when

0 =30"

and the normal stress on the plane ABCD is @y when & =120° . The vilue of Zaz

15 _

i

ml

1
i
=
=
#

XE-I
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(322 For the truss shown in the figure, which one of the following statements is true?

A m 4 m ola 4 m

w
3
W

G H B

¥
0k ™ I2kN

(A) Al s the only zero force member.

(B) Al and BH are the only two zero force members.
(C) AG| BH and HF are zero force members.

(I} AG, BH, HF and GC are zero foree members.

END OF THE QUESTION PAPER

XE-I w5
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