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QUESTION ONE (30 MARKS): COMPULSORY

a) With illustration, explain the fundamental concepts of finite element method. (4
Marks)

b) State any FIVE advantages of the finite element method. (5
Marks)

c) Given a two-node bar element, derive the shape functions at each node using
polynomial functions. (6
Marks)

d) Using the shape functions derived in (c), define the term ‘shape function’ and hence
illustrate THREE properties of a shape function. (7 Marks)

e) From the shapes functions derived in (c) above, show that the stiffness matrix of a two-
node bar element is given by:

e _EAT1 -1

k® = l [_1 1] (8
Marks)
QUESTION TWO (20 Marks)

For the beam and loading shown in Figure Q2, calculate the rotations at B and C. Take
E =210GPaand ] = 6 x 10°mm®. Use the element stiffness matrix given by:

12 6l —-12 6l
_EI| 61 412 -6l 2[?
[K]‘ﬂ -12 -6l 12 -6l (20
6L 212 —6l 412
Marks)

QUESTION THREE (20 Marks)

Consider a three-member truss shown in Figure Q3. All members of the truss have identical
areas of cross-section, 4, and modulus of elasticity, E. Determine the horizontal and vertical

displacement at the joint A using finite element method. (20 Marks)
B 2 1 . 2 1 . E
cos“ 6, 5 sin 20, =cos“8, = 5sin 28,
pa| 5526, sin?g, ~>sin26, —sin?g,
Take: [K€] = % i i
¢ [ —cos?6, - 5sin26, cos? @, ~sin286,
| — % sin20, —sin?0, %sin 29, sin? @,

where the symbols are standard symbols used in finite element analysis
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QUESTION FOUR (20 Marks)

A triangular finite element in a domain under 2-dimensional analysis is as shown in Figure
Q4. The nodal coordinates give the geometry of the element in meters. Under applied loads,
the nodal solution gives displacements, in millimeters, at each of the nodes as follows;

w={30) w={l0k w={3)

Where u; is the vector of horizontal and vertical displacements at the respective nodes.

a) Calculate the shape functions for the element. (15 Marks)
b) Calculate the displacements in point P. (5 Marks)

1
Take: N; = Z[ai +bix + ¢yl @ =Xy — Y b =Y — Vi € =X — X

1 %
24 = |1 Xj yj
1 x oy

QUESTION FIVE (20 Marks)

(a) State and explain the major steps in solving structural problems using the finite
element method.
(11 Marks)

(b) A complex shape is to be analysed using one triangular element and one rectangular
element as shown in Figure Q5.

i) State the two principles used in the assembly of the finite element equations.

(2
Marks)
ii) Provide the assembled stiffness matrix for the two-element mesh shown in
Figure Q5. (7

Marks)
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