
oo
o(o
!q

E
a

o
o
L

dg
oo!

dU
-6s,
oo"
=op

'=N

HoO
Lv
oC
-co
df

En
dL

.F9

AA
a:

bU
_!(so
o.dbotr

i!
2d

-e' ts

6iJ0_
?()g6

l- O,
6Le
o'j
a9
L.F

vdto@tE

LO

>\ (H

ooocoo
a2=

=<d:j. s/xo
o
->l(r<
-J c.i

o
oz

!o
o.

,.. [T-f-l 
-l i i LI] 18Mts32

Third Semester B.E. Degree Examiaation, Jan./Feb. 2023
Mechanics of Materials

Time:3 hrs. Max. Marks: 100

Note: Answer any FIVE full questions; choosing ONE full question from each module.

Module-l
I a. Derive an expression tbr extension of the uniformly tapered rectangularbar subjcctcd to an

(10 Marks)axial load.
b. A steel circular bar has three segments as shown in Fig.Ql(b). Determine :

(i) The total elongation of the bar ,

(ii) The length of the middle segment to have zero elongation of the bar.
Take E :2.05 x 105 Nlmm2.

Module-2
3 a. For the element subjected to biaxial stress state, derive expressions for normal and tangcntial

stresses acting on a plane inclined at an angle 0 with the Y-axis. (10 Marks)
b' A thin cylindrical shell 2 m long has 200 mm intemal diameter and thickness o1 the mctal

l0 mm. lt is filled completely with a fluid at atmospheric pressure, lf an additional
25000 mm3 flrid is purnped in, find the pressure developed and hoop stress developcd. Also

find the change in diameter. Take E: 2 x 105 N/mm2 and Poisson's ratio I : O.:.

(10 Marks)

4 a. A point in a machine is subjected to *3}r.rr", as shown in Fig.Q4(a). Draw the Mohr's
circle and determine:
(i) Stresses on a plane which is at an angle of 60o with respect 80 MPa stress plane.
(ii) Magnitude of principal stresses and thsir orientations
(iii) Maximum and rninimum shear stresses and orientations of their planes.

OR
Derive relationship between modulus of elasticity and modulus of rigidity.

E": 105.GPa, o, : 12 x 10.floc,.o. = 17.5 x 106/oC.

A 15 mm diameter dteel rod passes ceritrally through a copper tube 50 mm extemal diamcter
and 40 mm inteural diameter. The tube is closed at each end by rigid plates of negligible
thickness. If the temperature of the assembly is raisad by 60oC, calculate the stresses
developed in copper and steel. Neglect the effect of tightening the nut. Take E.: 210 GPa,

(I0 Marks)

(10 Marks)

(10 Marks)

FiS.Ql(b) Dimensions in mrn
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b. A thick cylindrical pipe of odBife diameter 300 mm and intemal diameter of 200 mm is
subjected to an inte;ut n riA pre'isure of 20 N/mm2 an{ exte.mal fluid pressure of 5 N/mm2.

Determine the maxirnurfl hoop stress developed and draw the variation of hoop stress and

tio Nfnu.-
Fig.Q4(a) l (10 Marks)

(10 Marks)

for the overhanging beam carrying
length and a point load of 2 kN as

2 t<N

radial stress across the thickness.

Module-3
5 a. Draw the shear force and bending moment, diagrams

uniformly distr.ibuted load of 2 kN/m ovdi the entire

shown in Fig.Q5(a). Locate the point of contra flexure.
':firliri - 

'*t' " 
a' knf*'t

b. Derive the equation

derivation.

M _ oo =EIYR

6 a. Draw the shear
Fie.Q6{a),

OR
moment diagrags for the

t,l

, ls knf,*

florce and

Ia,/ 0"9w

Fig.Q6(a) (lo Marks)

b. A beam of an l-section 200 mm x 300 rnm has web thickness l0 mm and flange thickness
l0 mm. It carries a shearing force of l0 kN at a section. Sketch the shear stress distribution
across the section. (10 Marks)

7 a. Derive the torsion'equation.

in the derivation.

Module-4
TtG0: -: = -" with usual notations. StateJrL

2 of3

I

, *-;
Eig.Qs(a)

with usual notations.

(10 Marks)

Sta,te the assumptions in the

(10 Marks)

I

cantilever beam shown ilt

KN

the assumptions made

(10 Marks)

Fig.Q6(a)
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OR
Derive expressions for strain encry, due to: (i) ax

State and prove Castigliano]s,-first theorem'

**{.*'f

b. The load on a bolt consists of an axial pull of l0 kN together with a transverse shear forcc of
5 kN. Find the diameter ofthe bolt :

(i) Maximum principal stress theory
(ii) Maximum shear stress theory (10 Marks)

oR""' ',,.. .:'-'
.

8 a. Determine the diameter of a solid shaft *hi h transmits 300 kW at 250-.lpm. The maximum

shear stress should not exceed 30 Nllhm2 and t'wist should not be",.more than 1o in a shaft

length of 2 m. Take modulus of rigit$ty O = I x 105 N/mm2. .,..,,,.,,,,,, (10 Marks)
b. A hollsw shaft is to transmit 2 ower at 100 rpm. Ifj,he shear stress is not to exceed

60 MPa and internal diame,tc4.lilb.6 times the extemal diemeter, find the external and

intemal diameters, assuming *rafthe maximum torque is 1.4 times the mean torque.
(10 Marks)

Module-5
a. Derive Euler's buckling equation for a long column when both ends are hinged. Also state

the assumptions rnade in the derivation. (10 Marks)

b. Determine the buckling load for a strut of:T;eection, the flange width being 100 mm, overall

depth 80 r1m alld both flange a-nd stem 10 mm thick. The strut is 3 m long and is hiirged at

bCIh endilite f :200 GN/m2. (loMarks)

i 'i'
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(10 Marks)
(10 Marks)

10 a.

b.

,lr, "Ii}l l
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