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M.E. DEGREE EXAMINATION, JANUARY 2013.
First Semester
Structural Engineering

ST 9203/203103/ST 913/UST 9103/10211 SE 104 — THEORY OF ELASTICITY
'~ AND PLASTICITY

(Regulation 2009/2010)

.Time : Three‘ hburs ‘ Maximum : 100 marks

Assume any missing data suitably.

Answer ALL questions.
PART A — (10 x 2 = 20 marks)

1. Why force is called a tensor quantity?
2. What are plane stress and plane strain conditions?
3. Define : Body force, surface force.

4.  Prove that o, +o, is always constant irrespective of the rotation of axes.

5.  What do yéu mean by uniform and non-uniform torsion?

6.  State the relationships in membrane problem to that of torsion problem.
7. State the principle iﬂvolved in energy methods.

8.  What do you understand by Timoshenko beam theory?

9. Whatis an yield criteria?

10. Obtain the shape factor for a rectangular cross section subjected to pure
bending.
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PART B — (5 x 16 = 80 marks)

Derive the equations of equilibrium and compatibility conditions in
cartesian co-ordinate system for a two dimensional stress field. (10)

What is meant by octahedral shear stress? Arrive at its value in
terms of principal stress. : (6)

Or

The state of stress at a point is given by the following array in terms of
the xyz co-ordinates system :

10 15 20

[c]=15 25 15| MPa

20 15 30

Determine the principal planes and principal stresses.

Apply the stress function :

4 = —(—F—)xyz (3h - 29)

h3

to the region included in y=0, y=h, x=0 on the side ‘x’ +ve.

Determine the stress components and sketch their variations.

Or

A square pIate with a circular hole at the centre is subjected to uniform
tensile stress along x-axis. Find the maximum and minimum stresses
induced in the plate.

G

(i)

Obtain the St. Venant’s torsion equation and state how you will
obtain the shear stresses and angle of twist. (10)

Explain how membrane analogy can be applied to the torsional
problem of a square cross section 200 mm x 200 mm X 5 mm
(thickness). (6

Or

A hollow circular section of diameter ‘I’ and thickness ‘¢ and a square
thin walled member having size ‘I¥ and thickness ‘¢ are subjected to
twisting. Determine the ratio of the torques and angle of twists for the
two members if the shearing stresses are equal in both sections.
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A steel bar of rectangular section (50-mm X 80 mm) is subjected to a
twisting moment of 150 Nm at the ends. Adopt G =80GPa. Find the

maximum shearing stress and the angle of twist per unit length. Adopt
strain energy or finite difference method.

Or

A simply supported beam of span L is subjected to a u.d.l. of intensity ‘W.
It is resting on an elastic foundation whose subgrade reaction is ‘'
(uniform). Find an expression for the deflection surface using energy
method. ‘

(1) Discuss briefly any two theories used to predict the incipienbe of

plastic yielding in ductile materials. (10)
(i) Explain : Flow rule, Plastic potential. (6)
Or

A steel bolt is subjected to a bending moment of 200 Nm and a torque of
120 Nm. If the yield stress in tension for the bolt material is 230 MPa,
determine the diameter of the bolt based on any two theories.
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