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Third Semester B.E. Degree Examination, June/July 2023

Mechanics of Matcrial

Fig Ql(c)

ii) maximum shear stress
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'l'ime: 3 hrs.
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Note: Answer any FIVE full questions, choosing'ONE full questionfrom each module.

Module-l
f)efine : i) Hooke's law ii) Poisson's,ratio
Derive an expression for the totd ekingation of a tappered circular bar cross section of
diameter 'D' and'd'. When sutjeCted to an axial load ?!hnd the elastic modulus of its
material is E. (08 Marks)

A Stepped bar of steel, held Udtween two supports as shown in Fig Ql(c) is subjected load
Pr = 80 kN and Pz: 60kN,..Find the reaction develpped,at the end A and B.
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b.
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A steet tube of 50mm outer diam.t., ulJRro* il.il,s fitted inlo- a copper tube of inner
diameter 50mm and l00mm thick. They are connected by using 20mm diameter pins at the

ends. If the length of the compound bar is'600mm. Find the stresses produced in the tubes
and pins whcn the temperature is raised by 25'C. Given
c,: 12 , 10-6 per oC 

, G. : I7.5 x 10-6 per oC

E, = 2 " l6;s NTmm' ; E. = 1.2 x 10lfi7mm2 '''"'.': 
(t0 Marks)

Establish a relationship between thq modulus of elasticity and modulus of rigidity. (10 Marks)

': 
"t: " Module-2 :"":+11 r'

Derive an expression for the normal stress and shear stress on plane inclined at '0 to the
vertical axis in two dimensional stress systern with shear. Also prove that the sum of normal
stresses on any two mutually perpendiculai'iilihes are always constant. (10 Marks)

At a certain point in a strained material the valves of normal stresses across two planes at

riglrt angle to each other are 80MPa and 32MPa both tensile and there is a shear stress of
32MPa clockwise on the plane carrying 80MPa stresses across the planes as shown in
Fig Q3(b). Determine :

i) maxirnum and minimum normal stress

(10 Marks)
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4 a. Differentiate between thin and thick cylinders' (04 Marks)

b. Derive an expression fio circumferential stress and longitudinal stress for a thin cylinder

subjected to an external pressure 'P'. (06 Marks)

c. A thick cylindrical pipe of outside diameter 3-00mm and interual diarnetcr 200mm is

subjected to an internal fluid p;;.;;;; JioNl,".2 and external flLricl pressure o[ 5N/mmnr2'

Determine the maximum hoop stress developed. Also sketch thc radial and hoop stress

distribution across the section. (10 Marks)

ModulP-3 
as shown inDraw the shear force and bending mo.rnent'diagram for a overhanging bcatn

Fig Q5, also locate the point of contraflexure.
I
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6 a. Draw shear foree dnd gending movement diagram for :

i) Cantilev,er.,beam with point load,.at free end iD Cantilever

iii) Cantiley,pi'beam with UVL
b. Explaint -nt types of loads beflls lnd support with neat sketches.

(20 NIarks)

beam r,vith UDL
(10 Marks)
(10 Marks)

(10 Marks)

(10 Marks)

(10 Marks)

VtoOute+
7 a. Derive torsional equation. , ^ -- 

(10 Marks)

b. A solid shaft is suijected to a maximum torqr,re 2skf/ry Find asuitable diameter of a solid

shaft, if the allowable sherstress and the twisi are limited to 80N/mm2 atrd lo respectively

. :l' OR
8 a. Derive Euler's Buiikling load formula for pin-end condition. (10 Marks)

b. A steel Uar Oiiectangular cross.settion 30 x 50mm.p.inned at each end is 2rn long.

Determine the buckling toad when,'it, is subjected to axial compresskrn and also calculatc

axial stress uiing Euleis expr€ssion. Determine the minimunr length {br which Euler's may

for a length of 20 times;t:her'diameter of the shaft (G : 80GPA)

be valid e proportional]tV limit as 250MPa and E:200GPa

9a.
b"

, . i, Module-S
,Explarn Castigliano's t in t anoIIT (10 Marks)
,A,lfsad of 200N Fallq,tfuough a height of 25mm on to a collar rigidly attached to thc lower

.end of a vertical.,b;ar 2m long and 300mm2 cross sectional area. The upper cnd and thc

vertical bar if fixed.'
i) Maximum instantaneous stress ii) Maximum instantaneous elongation

iii) Strain en€rgy stoned in the vertical rod

TakeE=200GPa.

.' OR
10 a. Explain maximum prinCipal stress theory and maximum shear stress theory. (10 Marks)

b. A bolt is subjected to ah axial pull of l2kN together with transverse shear fore of 6kN.

Determine diameteq of the bolt using :

i) Maximum ppinC.$al strEss theory ii) Maximum shear stress theory

Take elastic tffi in Tension = 300 MPa
FactorlfsafetY=' 

* **2orr***
(10 Marks)


