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PART A

. Answer any three questions. Eoch question canies I0 marks.

Derive the differential equations of equilibrium for 3D stress system l0

At a point in a given material, the state of the stress is given by l0

lro rz sl
tl

1=ltZ 15 -SlNlm2. Compute the following: i) Principal stresses ii)
'lL8 -s -7)

Orientation of the maximum plane iii) Maximum shear stresses iv) Octahedral

shear stress v) Octatredral normal stress.

Distinguish between plane stress and plane strain conditions citing suitable 4

examples

Show that $ = A(xy' -1r.yft') is an Airy's stress function, where 'A' and 'h' are 6

4

constants. Also show that it represents the stress distribution in a cantilever beam

loaded at the free end with a load.

Using the stress strain relations, strain compatibility equation and equations l0

of equilibrium, derive the relation for plane 
i

/ ^t ^r \ r -t (ax i*'\strainf I ^ *l ^ l(" +o..f= *I I where XandY arethe componentsof
[a*' Ay')' x Y' l-v\& Ay )

body force per unit volume along the x and y directions and v is the poisson ratio.

PART B
Answer any three questions. Each question carries l0 morks

Obtain the expressions for the strain components in terms of the displacement l0

components in polar co-ordinates.
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Derive the expressions for maximum stresses in a rotating disc. l0

Define shear centre. Discu.ss it's practical applications. 6

Distinguish between symmetric and asymmetric bending 4

What is strain energy? Determine the strain energy stored in a bar of uniform l0
cross-section, hangs vertically, subjected only to its own weight.

PART C
Answer anyfour questions. Each question carries 10 marlcs.

State and explain Castigliano's theorem. What are their advantages? 4

Find the displacement and slope at the tip of a cantilever beam of length L, loaded 6

by a force P as shown in figure. Assume the flexural rigidity of the beam 'EI' to

be a constant for the beam.

Explain the principle of virtual work.

Explain the principle of minimum potential energy theorem with a suitable

application.

Derive the expression for the angle of twist in the torsion of an elliptical bar.

Explain the general theorem behind Membrane Analogy.

A steel tube with the cross section shown carries a torque T. The tube is 6 ft long

and has a constant wall thickness of 0.375 in.
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i) Compute the torsional stiffiress of the tube. ii) If the tube is twisted through 0.5o,

determine the shear stess in the wall of the tube. Use G:l2xl06psi. And neglect

stress concentrations at tlr" 
"o-!rs. 

All dimensions are in inches.

Using the membrane analogy amlyzn, the following section as shown in figure for

the torsion shear stresses. The twisting moment applied to each of the cross-

sections is 30ld.Im. Uniform thickness of the walls of the plates is 3 mrn and the

heights of the plates are equal. Take the modulus of rigidity G:27 GPa. All

dimensions are in mm.

,'I

t4 Derive a governing partial differential equation for the deflection of a membrane

subjected to pressure 'p'.
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