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QUESTION ONE (compulsory) [30 MARKS]

(a) Prove that in case of a rotating hollow cylinder, the radial stress is maximum at

radius = V[R; XR ] and is given by

2
&)
Or= (3+ v)pT [R1-R2]2 [ 10 marks]

(b) According to the theory of maximum shear stress, determine the diameter of a
bolt which is subjected to axial pull of 10 KN together with a transverse shear
stress of 5 KN. Elastic limit in tension is 250 MPa, factor of safety = 3 and

Poison’s ratio = 0.3. [12 marks]

(c) The shear force acting on a section of a beam is 50 KN. The section of the
beam is of T-shaped of dimensions 100 mm X 100 mm X 20 mm as shown in
FIG Q1 (c). The moment of inertia about the horizontal neutral axis is 314.221

X 10 m*, Calculate the shear stress at the neutral axis and at the junction of

the web and the flange And show graphically on the figure. [8 marks]
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QUESTION TWO (20 MARKS)

An element of steel (E =200 GPa, v=0.30) in the form of a rectangular
parallelepiped (see figure Q2) of dimensions a =250 mm, b = 200 mm),
and ¢ = 150 mm is subjected to triaxial stresses ox = — 80 MPa, g, = —60
MPa, and o, = —30 MPa acting on the x, y, and z faces, respectively.

Determine the following quantities:

(a) the maximum shear stress Tmq, in the material; [S marks]

(b) the changes, 4a, 4b, and 4c in the dimensions of the element;
[S marks]

(c) the change AV in the volume; and [S marks]

(d) the strain energy U stored in the element. [S marks]
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QUESTION THREE (20 MARKS)

An unloaded steel cylinder has internal and external diameters of 204 mm
and 304 mm respectively. Determine the circumferential thermal stresses
at the inner and outer surfaces where the steady temperatures are 200°C

and 100°C respectively.
Take E =207 GN/m?, 0. = 11 x 107 per °C and Poisson's ratio = 0.29

The temperature distribution through the wall thickness may be regarded

as follows:
T =a+ blog.r, where a and b are constants

With this form of temperature distribution, the radial and circumferential

thermal stresses at radius r where the temperature is T are obtained from

B EaT B EaT Eab
= -— =A+—- -
Or=A-3 2(1-v) and on 2" 2(1-v)  2(1-v)

[20 marks]
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QUESTION FOUR (20 MARKS)

A beam having the cross-section shown in FIG Q4 is constructed from
material having a constant thickness of 1.3 mm.

(i) Calculate the length e (shear centre), through which the vertical load Q
be applied in order that there shall be no twisting of the section.

(ii) Using neat graph paper to Sketch the shear stress distribution.

[20 marks]
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