B.Tech.

FIRST SEMESTER EXAMINATION, I2008-09

ENGG MECHANICS

Time : 3 Hours]

Note @ (i) Tis paper s in three sections,
sectiot A carries 20 srks, Sectionn B carries 30
miarks and Section C carries 30 warks,

iy Altempl all
indicaled avainst each questions part,

ieestions, Marks are

(i} Assunre missine data suitably, if vy,
SECTION-A

Q.1. You are required to answer al} the.

parts 2x10:.20
Choose correct answer for the following
two parts :
{a} Mass momenl of inerdia of a thin
circular disc about its polar axis is

. MR? . MR
0 -5 (=

4 %
(i) A';}_{ (iv) .Mif_
Ans. {i}

Q. 1 (b). When a body slidcs down an
inclined  surface (making. angle 0 with
_horizontal), the acceleration of the body is
' (i) ¢ '

(ii) ¢ cos 0

{iti) ¢ sin U

(iv) none of the above

Ans. (iii),

mg Mg cos

berause  from ‘this figure gsinbd s
responsible to accelerate the body

{Total Marks ; 160

Fill in the blanks for Lthe following three
parts : _ .
You il be acarded full marks, if all i
ctferfes diroa pant are correed” (otherise will be
avarded zero).

() In method ‘of sections (truss), the
section musk, pass through not more than
. members; and the cquations of
cquilibrivm are given as ......... e s

Ans:Three, T1, <0, & F, 0, XM =0

(di A body of mass 25 kg is moving
with a constant velocity of 5 m/s. In order to
bring it to rest at a distance of 4m, the work
donc is............. and force required is ............. .

Ans.m=2-5kg u=5m/fsec, v =0, s=5m

of =y -2 f
¥ 3 %
Pl 5 m*/sec
Ro-mx f 2-5x3.1257-813N
(Force required)

Wark done = Px §=7.813x 4

' 3125 N-m (- ve)

(e) Maximum possible value (theoretical)
for the poisson’s ratio is ............. and the actval
value for the cork is approximately ............. .

Ans. (15,03

~f

Match the column for the following
three parts :

You will be awarded full narks, if all the
wwiches D a part are correct (otherivise will be
mvarded zera).
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() Match the following columns :

_Column 1 b Column 1]

(i) Non uniform | () a, -Gand 4, =0
straight line motion

i)  Non  uniform | ((})a, vOand g, # 0

curvilinear motion

(iti) Uniform straight [ (R)a, # Dand a) = 0

line motion

{iv} Uniform { {S)a, ==0and 4, 4 0

curvilinear motion

Where q, is radial accelerationiand a; is
tincar acceleration,

Ans. (i) (S)

(i) (Q)

iy (P

{iv) (R}

{g) Match the following columns :

-—

t Column 1 Column 11

(i) Uniformiy distributed | () Shear force
load & remains constant

(i) Uniformly
oad varies suddenly

varying | (Q) Shear force

{R) Shear force
varies linearly

(iii} Concentrated load’

-
{iv) No load {S) Bending

moment  varies
linearly

Ans. (i) (5)

(i) (R}

{iii) (M

(iv)(Qy !

(h} Maich the following columns

Lolumnt | |Columnll =
(i} Rectangle ) Irt__D“
— [ — — 64
(i) Triangle (Q)l."".?
12 _
(i) Circle | (R)’_T_R'_‘
e —— . __._S. —_——
(iv} Semicircle {S)ifjfj
Al

Column ! gives the value of moment of
inertia about a centroidal axis.

Aus, (i) (Q)

(i) (5) '

(i} (P)

(V) (R)

(i) Choose correct
following two parls :

(D) STATEMENT-1

As compared to a solid shafl of outer
diameter 1, a hollow shaft of same ouler
diamcter will have smaller argle of twist per
unit length when subjected to same torque,

answer  for  the

and

STATEMENT-2

For the same cross sectional arva a hollow
shaft has larger polar moment of inertia as
compared to solid shaft.

(i) STATEMENT-1 is True, STATEMEN-2
s True; STAITMENT-2 is a correct explanalion
for STATFMLENY-1,

(i1) STATEMENT-1 is Itue, STATEMENT-2
is true; STATEMENT-2 is NOT a correct
explanation for SIATEMEN(-1

(iii) STAVEMENT-1 is True,
STATEMIENT-2 is False.

(iv} STATEMENT-1 is
STATEMENT-2 is ‘lruc.

False,
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T (3]
Ans, {iii} — -
(iii} sy I
32
Y L 2
Coabt Ga
(t’( -
32
Dt
for solid shafl fpl it
32

271

o om Dt -ah
a(Dt ~ah)

Ip, ===~ S

for hollow shaft

Ip > Ip. .. Statement 2 is {alse staternent Re™ ]

(i} is true.

() STATEMENT-1

In the case of pure bending the radius of
curvature of neutral axis varies linearly.

and

STATEMENT-2

In pure bending the magnitude of
banding moment remains constant.

(i) STATEMENT-1 is True, STATEMENT-2
is True. STATEMENT-2 is a correct explanation
for STATEMENT-1.

(ii) STATEMLENT-1 is True, STATEMENT-2
is True, STATEMENT-2 is NOT a correct
explanation for STATEMENT-1.

(iii) STATEMENT-1 is True.
STATEMENT-2 is False.

(iv) STATEMENT-1 is False,
STATEMENT-2 is True.

Ans. (iv)

Section B

Q.2 Answer any three parts of the
following : 1% 3 -30

(a) Two cylinders B and A of diameters 3
¢ and 6 cm weighing 20 kN and 80 kN
respectively are placed -as shown in figure,
Assuming all the contact surfaces to be
smooth, find the reactions at the walls.

AL LA R R AL R R TR TR L RN LR NN NY

From Larn's theorem

126.87¢

20kN
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cos 53.13
R

A _ SkN/m
ZKNim : 11:
e et c
+ - 4m - - — - Bl4————— M —
8kN 12kN %x6x4=12
A lu B Ev_3F ____G:"jﬁc
BOkN < 2m Sl 2m “p— 3m ~-—» 3m —- »¥ <32k
Ry 20 Ry T Am T e 2m -
sin90°  sin126-87  sin (53-13 + 90°)
Rp=25kN 2LV T 7K 7 -7
sk gy
By equilibriom condition, a8 _[Zz
$F, - Re - Ry(0553-13 - Rysin 45°) =0 20|32 \
A1) q
X1, - 80+ Ry(0545° - Rysin 53-13°) -0 A«ﬁ\ \
' A 0 U WL . W W
A2)
R, =141-42 kN
Re =115 kN Ve -12412 +8- 32 kN

Reactions are 141-42 kN, 115 kN, 25 kN
and 15 kN .

(2. 2 (b) Find the shear force and moment
cquation for the cantilever beam shown in

figure. Also sketch the shear force and
2kHim 6kN/m
K A
4 l "
«—— 4m —le——— m ——»

bending moment diagram,

Ans. The loading on the beam can be
considered to be composed of UD.L. of 2 N/m
and gradulds varying load of zere intensity al B
ond 4 kN/m at C

LM Hex 04 Vex0+ M-+ 12x2

+12x3+8x8:0

Me =-124 kN-m

S.E Calculation ;
S.F. between DA -0
. S.F between BD=- 8kN
S5.F. between Bl = 8 kN
S.F. between [F, = --20 kN
S.F. between FC=-20+12 - ~32 kN
SEat(C-:-32 432 =0
B.M. Calculation :
B.M. of point A=0
B.M.
B.M.
B.M.

at point D =0
of point B=8x2 =16 kN-m.
of point E - 8 x 5 = 40 kKN-m
BM. of F -8x6 + 12 x 1::60 kN-m
B.M. of point
Cr8x8+12x3412x2 ~124: 0 kN-m
Q.2 ) A triangle is removed frm a
semicircle as shown in figure. Locate the
centroid of the remaining object.
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e
Ans, Area (A) xpy A, Ay,
Ay - ;-"1)2-. 31-81cm?
y

Xy 'y
Y
-+ = X
x x ad 6 3 i}
1y -2 =4.5em
2
47
] -—:;—n =19

Ayrg =142 145 om®
Ay, = 60739 cm”
Ay :% x9x 4.5 2025 cm?

- 4.5 em?
4-5 -
i - ~1-5cm
Yoy

Azxy = 91-125 em?
Aaify =30-373 e’
_ AII-[ - Azlg
A4
143 145 - 94 12->
31-81-20-25
v = Ay — A
’ A - A

80-757 -30-375 _ 2628 cm

31.81-20.25

Q.2 (d) A vehicle weighing 50 kN moves
with a velocity of 60 km/hr along x-direction.
‘Another vehicle weighing 25 kN moving

along y-direction with a velocity of 90 km/hr,

collids with it. If two vehides get entangled
afler collision, dctermine their  common
velocity.

Ans. Let the velocity of the vehicles after
collision be V, in x-direction (¥, in y direction
Applying  impulse  momet equation  along
x-direction we get

VV
T otk
L D0kN . |
60km/hr 90km/hr
~ t
')() = 60 (5{} t 2"))
“9.81) 9.81 . Vi
w ¥ - 40 km/hr

Applying impulse momentum equation in
y-direction,
25x90 (25
0 X0 @3y oy o0
9.8 98 -
km/hr

Rcsultaul \"'elutltIEb

¢ \;('_‘ 'Tu \r40 |I9 577

253 kmfhr
Q.2 (¢} Why l-section beam is preferred
over a reactangular-section beam? A simply
supported beam, 2 cm wide by 4 em high and

. 1.5 m long is subjected to a concentrated load

of 2 kN {perpendicular to beam) at a point 0-5
m from onc of the supports. Determine : (i)
the maximum fiber stress and (ii) the slress is
a fiber located 1 cm from the top of the beam
at mid-span.

Ans. Bending stoss (G),) Mj Y
2 2N
Ae—1.5m l - 5
I4cm 1"— A
me_
0.5m
Ra
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, bd?
For rectangular section !-= ETY where b

and d are width and depth of the section. For /
section value of [ is less them previous une for
same b and d. So bending sticss is increased in f
section, for this reason [ reaction beam is
pryerad over a rectangular.

3 3
p M 28T 40667 cm

12
Bending moment: Ry + Ry 2,
Y My #2205 Ryx 150
.. Ry —0-667 kN, R4 -:1-333 kN
B.M. at point A =0,
B.M. atpoint C =1-333x Q-5
=0-6663 kN-m
B.M. al point 8=1-333x1.5-2x1=0
oo Max. Bending moment (M) =0-6665
kN-m =0-6663 « 10 kN-m. ’
{i} Maximum bonding stress
I 100667
= 12496 kN/em®
(i} Stress in a fiber located 1 cm form the
{op of the beam al mid spa,

. .199:91 k-N/em?

Section-C

Q.3. Answer_any two parts of the
following : 5x2=10
(a) Explain the following :
(i) Lami's theorem
(ii) Principle of transmissibility of forces
(iii) Conditions of equilibrium for
copainar forces and concurrent forces
Ans, (i) Lami's Theorem -1i a body is in
equilibrium under the action  of three forcesm,
cach force is proportional to the sine of the
angle between the othe r two forces,
For the system of forces shown in Figure
ho B _ B
sina  sin i " sin ¥

P

Ps

(ii) Principle of Transmissibility of
forces - It states that if a force acting at a point
on a rigid body is shifted 10 any other point
which is on the line of action of the force the
exlernal effect on the force on the bady remains
unchanged. _

(i) TFE=0,LF, =0, EM=0

F,
12p
. F. =g
; Fasp
Fooo

Q.3 (b) Derive the following expression
for the belt, where all symbols have their
uswval meaning, Ty>1, in  belt-pully

T 6
arrangement for power transmition :—1 — e
2

Ans,
/—‘
' 1'do/2
T+ T
F
W T : d
T, ‘

A load W being pulled by a force P over
fixed drum. Let the force on slack slide 15 and
tight side T;. Ty is more than 7; the angle of
contact between rope and drum. Now consider
an elemental length of rope. Let T be the force
on slack side and T+ dT on tight side. There
will be normal reaction N on the rope in the
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radial direction and functional foree
I’ =pN in the tangential direclion. Them
¥ forces in radical direction: 0

N Tsin dz-? {T + d1}sin %9 220

0
Since d0 is small sin 48 - at
2 2 Hp ’A
; Y
N-T 52{1--{7‘ un')f;;o Vi ]

ie. N -('r LA ]d()
2
From low of friction

- MN -u [T + r;’)f' ]d()

wherc pis coeflient of friction

Now Y Forces  in- tmngential
direction .0

10 )
(' +dT)cos .‘i‘ -F+7T cos ff‘(.
2 )
Since 0 is small, cos o 1
2 2
Tidl FoT
4oL Lo dT
9
ST 'u[T+ ﬂiTJdg
2
Integrating both side

I;' d{ :;[ wd0ln -_!~-1 “uo l] = M
N | ! r2 ]‘2

f

. ,,}|0 .- PP
1|—'|‘2{. flfih)n'z

0.3 (¢) Determine the reactions at A and

L.
~— {0N
aoNm (ONm B
Ak l%:-/i 1Cs + 3] é};E

Ans, Data insufficient. So problem
not soive.

will

‘\wN,m &10N_m
[ Siutheit a0 BV

Q4. Answer any one part ol the

following :

(a) Draw the shear force and bending

moment diagram for the beam showni n

figure.

300

750N
3000Nm
e
A 1
~] 3
4— 2m M am —»¢ 2m

R,

Ans. X My =3000 + Ry x5 - 750x7 -0

750N
3000 N.m - l

Lol \:F/* — i
4‘3;'.“ - ..‘_.. __..3n.1 - . - _2m - __‘

LL LY

750 |

2400

1500

7
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Ry = 450N
SF=0R + Ry~ 7500 ,
. Ry =300 N
Calculation for S.L. diagram
S.1. between BA - + Ry = 300N
S.F between BC - 300 N
S5 ol CD =300 - 450 ---750 N
SEal D=0 |
Calculation for B.M. diagram
B.M. at point A: {
B.M. al point 8- 300 - 300 x 2 = 2400 Nm
B.C. at point
C - - 300 5 - 300 - 1500 N-m
B.M. at peint 7= -300> 7 + 3000 - 450 = 2
-4
Q.4 (b) For the truss shown in figure,

find the force in the members :
B D

As®  C E N\

R?—a—-b—a ——bg— a-—f

100N 100N 'R,

Ans.

100N 100N R,

B _ D
Fas ;
A 450; ‘ & L p . F
] Ll | C L | E T =
E
%, =0

© Ry +Ry =100 4100 -200N
SMy =Ry %100 xa 100 24
4 Ryx3a--0

LR, 20002 o
) 3a )
R, ~100 N

By Joint Method
AtJoint (A)  Fag

Fapcos 437w g

Fag Sin 432 <R 100N

00

Fap o ML4N
707

At Joint(B)
o cosagy o 4T
AR
M Fac
sin 45¢
f';_-”; hil'l 350 Fn“
" f[:fl 100 kN
f'l,”: Cos ERE = I"_;;(
e - 100KN
At Joint {C)
Fre=100kN
FepCos 45°
F .
e Fop SiN45°
o
c 45 —"FCE

b = Iy sin 45°

oo T11-44N

-"( Fl 1'"(‘;) cos 457 = JOUN
At Joint (E)

r 3 FED

g =0
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Fer = Fop =100N

At Joint (F) Fep CO8 45°
| Feo Fro
sin45°
e ]
EF
=100KN 100N

FFDCOS 45°=100N

Frpsin 45°=100N

Frp=141-44N

Fap=141-44N (C)

Fyp =100 N (C)

Fge =100 N (T)

Fp=141-44 N (C)

Fog =100N(T)

FED =0

FEF =100 N (T)

Frp=141-44 N (C)

Q.5. (a) Answer any two parts of the
following — _

(a) Derive an expression for the centroid
of semicircular arc.

Ans. Centroid of Semicircle—Consider
the smicircular of radius R as shown in figure.
Due to symmetry centroid anust lie on y axis.
Let its distance from dimetral axis be y. To find
y, consider on elements at.a distance r from the

centre () of the semicircle, radical width being dr

and bound by radii at. 8 and 9+ 49, Area of
element = rodr

The moment about dimetral axis x is
given by

rd@ xdrx7sin 0 = r* sin 8drd®

.. Total moment of area about diametral
axis

R
[ f: Psin® drdo = [ [’;J sin @ d9
0

R? . R 2R3
=—|[-cos® am e [T 4 T2 — -
(- cos BfF = {1+ 1) %

o 2R?
. 5. Momentofarea _ 3 __4R
Toal area ;,ﬂRz In
Q. 5. (b) Explain any three of the

following—
(i) Second moment of area
(ii) Radius of Gyration
~ (iii) Paralle} axis theorem

(iv) Perpendicular axis theorem

Ans, (i) Second moment area : It is the
product “of mass with the square of the
perpendicular distance of its centre gravity from
axis of reference,

(ii) Radius of Gyration : It is the distance
farm axis of reference where the whole mass (or
area) is assumed to tbe concentrated so as not to
alter the moment of inertia about the given axis.

If whole mass is concentrated of a body at
a distance K from the axis of reference. The
moment of inertia of the whole area A about the
given axis is equal to AZ,

If AK? = I then K=\E;

K = radius of gration about the given axis.

(iii) Parallel axis theorem—

A= Area of plane figure

i; = Moment of inertia of the given area
about C.G. = I,

Iap = Moment of inertia of the given area
about AB axis.
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h = Distance between C.G. of area {ie, xx

aixs) and axis AB parallel to X X axis.
Lag=lg + AR?

(iv) Pependicu far axis theorem - -

I, = Moment of inertia of the given area
about ¥-x axis.
I_if_H
about y-1 axis,

=Moment of inertia of the given arca

[.. = Moment of inertia of the given arca
bowl -z axis. y

Then, =1, 1,

Q.5. (¢) Derive an clxprt;s'sién ‘for mass
moment of inertia of solid sphere about axis
passing through its centre. :

Ans, A solid sphere of radious r is shown.
Take any two reactions at a distance x and
(x i-dy} trom O. Then radius of cut part is

NI

Area of this elementary part = n (r* ~x%)
Volume of thin elementary part
=n(r* - 2%) dx

"—If M = Mass of sphere then

Mass per unit volume = - M _3M

3 4n’

S

— WF

W

. Mass of elementary part

3M
e T x n(rt—x }dr
4nr?

. M.I. of elementary part aboul X' OX”

{Radius)?
 INASE X "=

4nr®

. 2
=-:i£x ,11:(?2--.'l'z),d':l.’-[’vz;:l J

=:A§ 2 _ %) dx

8r

. Moment of inertia of sphere
_ f ‘-‘.m(r
o M

- b?:j: J’] (r" 4 x7 v2r2x2)dr

x2}2 dx

5

I r (1 Y- {r5 o) %—12(r3+r‘1’}

Q 6.- Anser any one parl of the
following ; 10
Q.'6. (a) A sphere, a cylinder and a hoop,
cach having the same mass and radius are
released from rest on an incline. Determine

“the velocity of each body after it has rolled

through a distance correspondmg to a change
in elevation h.

Ans. Data insufficient. So problem will
not solve.

Nogh
Solid sphere velocity —'\5 1080
-
Solid cylinder velocity «: ,‘j 4:“

Hoop velocity = Jg_f:

Q.6 (b) A body of mass 25 kg resting on
a horizontal table is connected by a string
passing over a smooth pulley at the edge of

the table to anothes body of mass 3-75 kg and

hanging vertically as shown in fig. Initially,
the friction between 25 kg mass and the table
is just sufficient to prevent the motion. If an
additional 125 kg is added to the 3-75 kg
mass, find the acceleration of the masses .
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R

A A A A A A B A A A A A A A T

A

¢

Ans. Let [ is accelerationof the system.

Ruverse cffective force {intertial force) on
weight W - — (mass of W) x Acceleration

W
i

s

Reversed effective force (inertial force) on
weight Wy = — 2 f
g

According to D'alembert principle, the net
external force acting on the system in the
directior of motion and the resutlant reversed
effective forces should be in equilibrium.

W, .._VYML[._V_V_zf:O

8 B
~ Wy - (W + W, 3L :0

1~ (W + Woy—
8
/- W 9-8x(1-25 +3.75)

W+ W, (1925 4375)+ 25
=163 m¥sec”
Q.7. Answer cany two parts of the
tollowing — 8x2=10

- Q. 7. (a} Detive the following expression

for the elastic constants :
r

K= - o=

3d- Zp)
Ans. K == Bulk modulus
Fluid pressure or thydrostatic pressure ©

Volumetric strain &0

5] L

. 3?{1- oy 12w

(Q.7. (b} Plot tensile test diagram foy
Mild Steel and explain all salient points.
Derive an expression for atrain energy in
terms of strain and Young's modulus.

Ans.

| TH
VA ;

Stress

[P

———»  strain

A — Praportionality limit

8 — Elastic limit f

C — Upper yicld point

C —» Lower yield point

D - Maximum or ultimate tensile stress

E - Fracture or breaking strength

The strain energy is the energy stored in a
body due to the work done on the applied load
in straining it. For static load P, the change in
length x is proportional to the load.

Work done for gradually applied load
=Strain energy (v)

:lx Pxx

For a bar of uniform area of cross section
Aand length L

P
F = =—
A
> P=ag A
X
8"—._
l.
£=2 .
Ax
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U
-
"
|

u_z(ﬁfﬂ_t,lg‘ﬁf
“2la) E 2 E
Since, A L= Volume (v)

v 2E

Q.7 (¢) Calculate the minimum diameter
of a solid steel shaft which is not allowed to
twist more than 3° in a 6 m length when
subjected to a torque of 12 kN-m. Also
calculate the maximum shearing strbss
developed. TakelG =83 GPa.

Ans. 0 =3%1=6m, T =12 kN-m,

G=83GPa

12x10° 83x10°x0-52
T 6 -
32
Sod =114 mm
Shearstress f,
T GO_f
Ib 1 R
fTxR C12%10%x 11472
Tl - x 2
P 5 (114)

=536:1x 10" N/m?
=836-1 k-le2

cor B x 10° x -052 x 14

f;-.:.- I = 6 .

= 41002 k-N/m? = 41 MPa
S0 maximum shcaring stress developed
41002 kN/m? = 41 MPa

Download All Btech Stuff From StudentSuvidha.com


http://studentsuvidha.com/
http://studentsuvidha.com/

