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Question Paper Code : 91823

M.E. DEGREE EXAMINATION, JANUARY 2012.

First Semester
Structural Engineering
ST 9203 - THEORY OF ELASTICITY AND PLASTICITY
(Regulation 2009)
Time : Three hours Maximum : 100 marks
Answer ALL questions.

10.

PART A — (10 x 2 = 20 marks)
Define the terms:
(a) Homogeneous

() Isotropy.

Write down the partial differential equation of equilibrium in polar coordinate
system.

Mention a practical example for plane stress and plane strain problem.

Write the bihormonic equation in Cartesian system used to solve a torsional
problem in semi-inverse approach.

Give the concept of membrane analogy.

Express the maximum shear stress and angle of twist per unit length of a thin
rectangular section of size b x d.

Give the principle of Finite Difference method.
List the various energy theorems.
‘What is strain hardening?

Define yield criteria.
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PART B — (5 x 16 = 80 marks)

The state of stress at a point in a strain material are given by the

9 15 24
following array, |15 1 O [N/mm?. Determine the principle stresses
24 0 2

and the associated direction cosines.
Or

The state of stress at a point for a given reference axis xyz is given by the
following array of terms. The stresses are in MPa.

60 30 -20
30 30 25
-20 25 20

(# Determine the stress invariants

(i) If a set of new axes x7’2" is formed by rotating about the z axis in

anticlockwise direction by 45°, determine the stress components in
the new coordinate system.

Show that in the absence of body forces the displacements in problems of
plane stress must satisfy:

Fu Fu (1+v) 3 [du v
F+F+ — 5;+$ =0.
Or

A stress function is given by g=—%— Fo xy +%+K,x+K,. Show that

stress function ¢ solves the problem of a cantilever beam with a
rectangular cross section and a concentrated load at free end.

(i) Explain the St. Venant’s method to solve torsional problems. ®

(i) A bar of circular section f(r,y)=x%+y*-a’=0 is twisted by torque
7,. Investigate the state of stress in the bar using a suitable stress
function using St. Venant's method. (8)

Or



[image: image3.png]{(b) A hollow multi-cells aluminium tube of cross section as shown in
Fig. Q.13(b) resist a torque of B5kN-m. The wall thickness
aret, =t, =i, =t; =0.5 mm, £, =0.75 mm. Determine the maximum shear
stress and angle of twist per unit length. TakeG=25GPa. All
dimensions in the figure are in ‘m’

Fig. Q.13()

(a) Explain the strain energy of a 3D stress system by applying to an elastic
body subjected to stresses 0,,0, and o, [principal stresses].

Or
(b) Explain in detail about the principle of virtual work. Also discuss about
the applications.

(a) A steel bolt is subjected to a bending moment of 240 kN-m and torque
140 kN-m. If the yield-stress in tension for the bolt material
is 250 MPa, find the diameter of the bolt, according to (i) Tresca’s
(ii) Von Mises.

Or

(b) A member is subjected to design loads. The calculated stresses
are o, =80 MPa,0,=240 MPa,r,,=-80 MPa. The yield stress of

material is o,=500Mpa. Determine the factor of safety as per
() Tresca criteria and (ii) Von Mises Criteria.




