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Question 1
(a) With respect to the frame of reference oxyz, the following state of stress exist.

1 2 1
Tijz 2 1 1
1 1 1

Determine the principal stresses.
(b) For the state of stress shown in Figure 1b, determine

e The element orientation for the principal stresses

e The principal stresses
e The maximum shearing stress and the corresponding normal stress

(25 Marks)

Question 2
(a)

(i) What are the methods for reducing stress concentration?

(ii) The flat bar shown in Figure 2a is 10 mm thick and is pulled by a force P producing a total

change in length of 0.2mm. Determine the maximum stress developed in the bar (E =200 Mpa).

(b)The stresses acting on element A in the fuselage of an airplane are found to be 40 MPa tension

in the horizontal direction and 160 MPa compression in the vertical direction (See Figure 2b).

The shear stresses of magnitude 54 MPa act in the direction shown. Determine the stresses acting
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. - 590 he horizontal.
on an element oriented at a clockwise angle of 52° fromt (25 Marks)

i : irections by forces
Question 3 _ . : erpendicular directions .
(a) A brass cube 50 mm on each edge is compressed in two perp . of the cube and the strain

P =175 kN (See Figure 3a). Calculate the change AV in th_e_ \(’)O?l’lim
energy U stored in the cube, assuming E = 100 GPa andv = 0.5

(b) A rectangular plate (see Figure 3b) is subjected to normal stresses
o, =90 MPa, o, =-20MPa

o “h B = Paand v=
The plate has dimensions 400 x 800 x 20 mm and it is made of steel with E 200G
0.30.

* Determine the maximum in-plane shear strain in the plate
* Determine the change AV in the volume of the plate
(25 Marks)

Question 4

(a) Briefly describe the following experimental techniques, namely;

e Strain Gauges
* Photoelasticity
e Moire Method

(b)The strain on the surface of an experimental device made of pure aluminum (E = 70 GPa and
v =0.35) were measured by means of strain gauges. The gauges were oriented as shown in the
Figure 4b and the measured strains were

g, =1100x107°, &, =1496x107, &, = —39.44x10

Calculate the stress o, in the device.
(25 Marks)

Question 5

(a) Outline the steps involved in using the Finite Element Method for solving engineering problems.

(b) For the spring system shown in Figure 5b ‘
k, =100 N/mm, k, =200 N/mm, k, =100 N/mm, P = 500N, u, =u, = 0

Find the following, namely;

e The global stiffness matrix
* The displacement of nodes 2 and 3
* The forces in the spring 2

(25 Marks)
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SOME USEFUL FORMULAE MEES03
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