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

Highlight the equivalence and the difference between Rayleigh R1tz method
and the finite element method.

When does the stiffness matrix of a structure become singular?

Show the transformation for mapping x-coordinate system onto a natural
coordinate system for a linear spar element and for a quadratic spar element.

Determine the load vector for the beam element shown in Fig. 1.
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A triangular element is shown in Fig. 2 and the nodal coordinates are
expressed in mm. Compute the strain displacement matrix.
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Evaluate the integral j(3 £% + £%) d¢ using Gaussian quadrature method.
-1

State whether plane stress or plane strain elements can be used to model the
following structures. Justify your answer.

(a) a wall subjected to wind load

(b) a wrench subjected to a force in the plane of the wrench.

Comment on the accuracy of the values of natural frequencies obtained by
using lumped mass matrices and consistent mass matrices.

Sketch a two dimensional differential control element for heat transfer and
obtain the heat diffusion equation.

State the relation between the velocity of fluid flow and the hydraulic gradient
according to Darcy’s law, explaining the terms involved.

PART B — (5 x 16 = 80 marks)

@ A rod fixed at its ends is subjected to a varying body force as shown in
Fig. 3. Use the Rayleigh-Ritz method with an assumed displacement field

u(x) = ay + a,x + a,x* to find the displacement u(x) and stress o(x). Plot
the variation of the stress in the rod.

=

f=x>N/m
Fig. 3
Or

(b) Explain the process of discretisation of a structure in finite element
method in detail, with suitable illustrations for each aspect being
discussed.
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(a) Determine the displacements and slopes at the nodes for the beam shown
in Fig. 4. Take k=200 kN/m, E =70 GPa and I =2x10™* m*.
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Determine the nodal displacements and slopes for the beam shown in
Fig. 5. Find the moment at the midpoint of element 1.
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Fig. 5

Calculate nodal displacement and elemental stresses for the truss shown
in Fig. 6. E = 70 GPa cross-sectional area A = 2 cm? for all truss
members.
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Or

In a four-noded rectangular element, the nodal displacements in mm are
given by ‘

u; =0 vy, =0 u, =0.127 v, =0.0635

us =0.0635 vy =-0.0635 u, =0 v, =0

For b = 50 mm, h = 25 mm, E = 2 x 105 N/mm? and Poisson’s ratio = 0.3,

determine the element strains and stresses at the centroid of the element
and at the corner nodes.

Derive the consistent mass matrix for a truss element in its local
coordinate system.

Or

Find the natural frequencies of transverse vibrations of the cantilever
beam shown in Fig. 7 using one beam element.
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[image: image4.png]15. (a) Fig. 8 shows a sandwiched composite wall. Convection heat loss occurs on
the left surface and the temperature on the right surface is constant.
Considering a unit area and with the parameters given, use three linear
elements (one for each layer) and

(i) determine the temperature distribution through the composite wall
and

(i) calculate the flux on the right surface of the wall.
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Fig. 8

Or

(b). Give the one-dimensional formulation for one-dimensional flow and
derive the element stiffness matrix for the flow through a porous
medium.
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