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First Semester M.E. (Civil) Degree Examination, July/August 2013 Structural Engineering/Prestressed Concrete/Earthquake Engineering 2K8SE101 : THEORY OF ELASTICITY AND PLASTICITY Time : 3 Hours



Max. Marks : 100 Note: 1) Answer any one question from Part – B and any four from Part – A. 2) Additional data if required may be suitably assumed. PART – A



1. a) Derive Cauchy’s stress equations for an arbitrary plane in three dimensions. 10 b) The state of stress at a point in a body is given by the matrix shown below. ⎡ T11 2 1⎤ σ ij = ⎢ 2 0 2 ⎥ ⎢ ⎥ ⎢⎣ 1 2 0 ⎥⎦



Determine T11 such that there is at least one plane passing through the point in such a way that the resultant stress on that plane is zero. Also determine the direction of that plane. 10 2. a) Derive the equilibrium equations for two dimensional problems considering body forces. Also extend these equations for three dimensional systems.



10



b) The state of stress at a point in a material is defined by the following matrix. ⎡200 400 300 ⎤ σ ij = ⎢400 0 0 ⎥ ⎢ ⎥ ⎢⎣300 0 − 100 ⎥⎦



Find the stress vector acting on a plane passing through the point and parallel to the plane x + 2y + 2z – 6 = 0. 10 P.T.O.
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3. a) Distinguish between plane stress and plane strain problems. Give the corresponding stress-strain relations.



10



b) A rectangular thin plate of dimensions (AB = 135 mm and AD = 245 mm) shown in Fig. 1 is subjected to stresses σx = −100 MPa , σ y = 115 MPa and τxy = −20 MPa. If the elastic constants of the plate material are E = 77500 MPa



and G = 29500 MPa, determine the change in length of the diagonal AC.



10



Fig. 1 4. a) Explain the practical significance of compatibility conditions. Verify whether the following strain field is possible or not. If not, under what conditions the 10 strain field is compatible ? B and B1 are constants. ε x = B ( x 2 − y 2 ) ε y = Bxy ε xy = B 1xy



b) Find the principal strains and their directions from the rosette measurements given below. Also find the principal stresses. Take φ = 0 and α = β = 45 . 



10



ε ϕ = 2 × 10 −3 ε α+ ϕ = 1 .35 × 10 −3 ε α+β+ ϕ = 0 .95 × 10 −3



5. a) Derive Biharmonic expression for bodies involving plane strain conditions considering the body forces.



10



b) For a plane strain problem without body forces, Airy’s stress function is given by φ = Bxy 4 + Cx 3y 2 . Under what conditions, it is a valid stress function ?



10
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6. a) A thick cylinder is subjected to both internal and external pressures. Prove that the radial stress and hoop stress in the cylinder produce uniform contraction and tension along the length of the cylinder. 10 b) A long closed cylinder has an internal diameter of 200 mm and an external diameter of 250 mm. It is subjected to an internal pressure of 100 MPa. Determine the maximum circumferential and axial stresses in the cylinder. Also sketch their distribution in the cylinder. 10 PART – B 7. a) Distinguish between the stress-strain behavior of material for the case of strain hardening and strain softening. Explain with neat sketches.



10



b) A circular shaft is to be designed to resist a bending moment of 9 kN-m together with a torsional moment of 7 kN-m. The yield stress of the material of the shaft if 207 N/mm2. Assuming a factor of safety of 2 and using the octahedral shear stress theory design the diameter of the shaft. 10 8. a) Explain Tresca and Von-Mises yield criteria with appropriate conditions for yielding of a material. b) Explain with sketch the geometrical representation of yield criteria. ————————



10 10
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