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Important Note : 1. On completing your answers, compulsorily draw diagonal cross lines on the remaining blank pages.
2. Any revealing of identification, appeal to evaluator and /or equations written eg, 42+8

USN 18ME32
Third Semester B.E. Degree Exammatlon Dec.2023/Jan.2024
Mechanics of Materlals :
Time: 3 hrs. lax. Marks: 100

1 a.
b.
C.

2 a
c.

3 a
b,'

Note: Answer any FIVE full questions, ckaosmg ONE full quesnon ____from each module.

Module-l
Define: (i) Stress (i1) ElaStICﬂZy (111) Hooke’s law (1v) Prmmple of superposition.(04 Marks)
Explain stress-strain diagram of mild steel indicating i 1' salient points. (06 Marks)
A brass bar having cross-sectional area 1100 mm’. vsub_]ected to axial force as shown in
Fig.Ql1(c). Dctem-une the total elongation of the bar by assuming the modulus of elasticity as
106 GN/m?.

(10 Marks)

OR .....

From first principles estabhsh the re]atlonshlp bétween Young’s modulus and bulk modulus.
(06 Marks)

Derive an expression for the extension of umformly tapermg c1rcular bar subjected to axial
load. (06 Marks)
A bar of brass 25mm diameter is enc1osecT in a steel tube 6f 50mm external diameter and
25mm internal diameter. The bar and'tube fastened at the énds and are 1.5m long. Find the
stresses in the'two materials when the temperature raises:from 30°C to 80°C.

Take Egeer=200 GPa, E,,,m = 100 GPa, Ogect = 11 6x10'6;’°C Olbrass = 18.7x107%/°C.
(08 Marks)

4 _ Module-—'
Show that sum of the normal stresses on any ‘two planes at right angles in a general 2-D

stress systcm is constant (05 Marks)

An element is subjected to stress system as shown in Fig.Q3(b). Determine (i) Normal and
tangential stress ‘on the oblique plane. (ii) Resultant stress  (iii) Angle of obliquity
(iv) Principal stresses and their planes (v) Maximum shear stress and its planes.

(a0 Mpa

20 ¥\Po

A p.%l@ e

MR

120 Mpa

Fig.Q3(¢b) (15 Marks)
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OR
State the assumptions made in the cylinders. Derwe an expression for circumferential stress
and longitudinal stress for thin cylinders. (10 Marks)
A thick cylinder of 500mm inner diameter is sub]ected to an internal pressure of 9 MPa.
Taking the allowable stress for the matenal of the cylinder as 40 MPa, determme the wall

~ thickness of the cylinder. N (10 Marks)
\\_---;-Module-?,

Define (i) Shear force (i) BendingMoment (i) Point of contraflexure. (03 Marks)

Derive an expression to establlsh the relationship between the intensity of load, shear force

and bending moment. P (05 Marks)

Draw shear force and bending moment diagram for the beam shown in Fig.Q5(c). Mark the
position of maximum, bendmg moment and determine its value. Also find the point of

contraflexure.
20 kend
o £

~ oo £

i 26~LL
7= L4

(12 Marks)

OR ; o
List the assumptlons made in theory of pure bending. (04 Marks)
Prove that the maximum shear stress is 1.5 times the average shear stress in a beam of
rectangular cross-section. (06 Marks)

A cast iron beam ©f T-section with ﬂange dimensions-100mmx20mm and web
80mmx20mm. The-beam is simple supported over a span. of 8m. The beam is uniformly
distributed load. of 1.5 kN/m length.. over the entire span. Determine the maximum tensile

and max1mum compressive stresses. Plot the stress dlstnbutlon (10 Marks)
"Module-4

State - th_‘\ assumptions in the theory of pure torsion. Derive torsion equation with usual

notatlons (10 Marks)

Determme the dlameter of a sohd steel shaft which will transmit 90 kW at 160 rpm. Also
."determine the length of the shaft if the twist must not exceed 1° over the entire length. The
; '.maxu’num shear Sﬁ"ms 1s limited to 60 N/mm? Take the value of modulus of rigidity as

8x10°MPa. (10 Marks)
r OR

Prove that a hollow shaft is stronger than solid shaft of the same material, length and weight.

g (06 Marks)

Explain maximum principal stress theory and maximum shear stress theory. (06 Marks)

The stresses induced at -a critical point in a machine component made of steel are as
=100 MPa, o, = 40 MPa, 1y, = 80 MPa. Calculate the factor of safety by

1) Max1mum nomiai stress theory i) Maximum shear stress theory. Take Gyie1g = 380 MPa.
(08 Marks)
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Module-5 .

Derive an expression for Euler’s buckling load ofig@olumn for one end fixed and other end
free. Ny, (10 Marks)
Find the Euler’s crippling load for a hollow, Cylindrical steel colurn 40mm external
diameter and 4mm thickness. The length of theco olumn is 2.5m and it ich inged at both ends.
oad using constant o; = 3}%&1 and 0.=—l—.

7500
(10 Marks)

Also compute the Rankine’s crippli
Take E = 205 GPa.

(04 Marks)
matxc beam, subjected to uniformly

(08 Marks)

3of3



