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1. For the equation (strong form): ~i2 ¢ = -1 subject to the conditions, ¢ = 0 on the 

boundary described by the lines, y = 0, y = 2 - --./3 x, y = --./3 x, obtain the finite element 
solutions using three linear triangular elements for the configuration of equilateral 
triangular domain shown in Fig.P.l. (6) 

2. The displacement field for an arbitrary plate bending problem along the x-, y-, and z-
- - -

directions is assumed as: u = u + f (z)l.fl + f (z)B ; v = v + f (z)l.fl + f (z)BY; w = w; 
I X 2 X I y 2 

where, ~(z)=C1z-C2z3 ; J;(z)=-C4 z3
; Bx=: and BY=:. Discuss the 

continuity requirement of the problem. Can you suggest the way to reduce the continuity 
requirements of the problem? Also outline the procedure for the same. (3) 

3. The natural vibration of a beam under applied axial compressive load, lf is governed by 
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dx dx 
frequency of natural vibration and EI is the flexural stiffness of the beam. (a) Determine 
the fundamental natural frequency of a cantilever beam of length L with axial 
compression lf using one 2 node beam element. (b) What is the buckling load of the 
beam? Assume any data ifrequired. You are required to give final characteristic equation 
in each case. (7) 

4. Consider a propped cantilever beam (length L, EI=l) on an elastic foundation (with 
foundation modulus k) subjected to transverse loading. Suppose you are interested to 
adopt mixed formulation approach in which the displacement and bending moment are 
kept as primary field variables. Derive the governing equations and boundary conditions 
(strong form) and obtain weak form of the problem based on mixed formulation using 
variational approach. Determine the transverse displacement and bending moment at mid 
span using one Euler-Bernoulli beam element. · (7) 

5. Consider the initial boundary value problem: (ou = 
01

u -lOOxJ in Q, when u (x, 0) =0, 
ot ox 2 

0:::; x ::=:: 1; u (0, t) = u(l, t) = 0, t >0 with the approximate solution in the form: u (x, 
t)=N1(x) u1(t)+N2(x) u2(t), where u1(t) and u2(t) are the unknown solution values at the 
nodes 114 and 3/4 respectively. (a) Determine the trial functions N1(x) and N2(x), (b) Use 
the Galerkin method to get the system of first order differential equations in time: 
¢=A¢+b, where ljJ =[u1(t), u2(t)]T, A is real2x2 matrix and b is 2xl matrix. Find the 
matrices A and b. (7) 

6. Show that whether the following statements are true or false with mathematical 
justifications, if any: (a) The maximum stresses within an element occur at the Gauss 
points, and (b) The integral of a cubic polynomial can be performed exactly using two,. 
point Gauss quadrature. (3) · 

P.T.O. 



7. Consider the fourth order differential equation (Euler-Bernoulli beam) and its weak form. 
Suppose that a two node element is employed with three primary variables at each node: 

( dw d2w) D . I . d . I . fu . w,-,--2 • enve on y one assocrate mterpo atwn nctron (H 11 ). (3) 
dx dx 

8. The sketch represents 3 -nodes on the z- constant face of an axisymmetric 8 noded 
quadrilateral element. Node 7 is at the mid-point of the side. Determine the consistent 
load vector due to a uniform pressure, po on the surface (see Fig. P. 8). Show how to 
obtain the load vector. Using Gauss integration method, what is the order of integration to 
get the value of integral. In particular determine only F 4r, F 4z. (6) 

9. Figure P. 9 shows a four node quadrilateral. The (x, y) coordinates of each node are given 
in the figure. The element displacement vector q is given as q = [ 0; 0, 0.20, 0, 0.15, 0.1 0, 
0, 0.05]T. Find (a) the x, y coordinates of a point P whose location in the master element 
is given by s = 0.5, 11 = 0.5, (b) The u,~v displacements of the point P. (4) 

10. Consider the steady laminar flow of two immiscible incompressible fluids in a region 
between two parallel stationary plates under the influence of a pressure gradient. The 
fluid rates are adjusted such that the lower half of the region is filled with fluid 1 (denser 
and more viscous fluid) and the upper half ~is filled with fluid 2 (the less dense and less 
viscous fluid). We wish to determine the velocity distributions in each region using the 
finite element method. The governing equations for the two fluids are 

(-11, ~~' = fo J for fluid I; (-112 ~;,2 = fo ]tor fluid 2; where fo = ( P, - P,) I L is the 

pressure gradient. The boundary conditions are u1(-b) = u2(b) = 0, u1(0) = u2(0). Solve the 

problem by taking two linear elements. (4) 
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