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INSTRUCTIONS

This paper contains FIVE questions

Question ONE is compulsory and carries 30 Marks.

Questions TWO - FIVE carries 20 Marks each. Answer any Two.

QUESTION ONE (COMPULSORY) (30 MARKS)

a) An aluminium column is fixed at one end at the bottom and free at the top as shown in
Fig. Q1 a). Determine the minimum value of P if a factor of safety of 2 is desired.

(Take L = 5 m, E = 70 GPa, o, =200MPa,A=75*10"m? I, = 6.13

107> m* 1, = 2.32 * 10> m*) (8 Marks)
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Fig. Q1 a)

b) A cylinder has an inside diameter of 150 mm and outside diameter of 450 mm. If it is
subjected to an internal pressure of 160 MPa and external pressure of 80 MPa,
determine radial and tangential stresses at the mean radius. a3
Marks)
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c) In Fig. Q1 ¢), load of P, 10MN, is supported at B by two rods of same material and
diameter, 10 mm. Determine the horizontal and vertical deflections at point B using
Castigiliano’s theorem. Take E = 200 GPa 9
Marks)
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Fig. Ql ¢)

d) Consider a simply supported rectangular plate of sides a x b and thickness t. The
plate carries a uniformly distributed load P per unit area over the entire surface. Show
that the plates maximum bending stress will be given by

232
Omax = L (6 Marks)
262 |(a2+b2)

e) A thin disc of mass 50 kg, radius 60 mm and thickness 25 mm rotates at a uniform
angular speed of 70 rad/s. If the disc is fabricated from a material whose Poisson’s
ratio is 0.25, determine the radial and circumferential stresses developed at mid radius
of the disc when in rotation. 4
Marks)
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QUESTION TWO (20 MARKS)

Show that the tangential and radial stresses for a thick-walled cylinder are given by the
following Lames equation

o = (azpi—bzpo) _ (azbz(pi—po))l

r bZ_aZ bZ_aZ rZ

o, = (azpi—bzpo) n (azbz(pz—pa))i

t b2—a2 b2—a2 TZ
For a thick-walled pressure vessel of internal radius, a, and external radius, b, subjected to

internal and external pressures of p; and p, respectively, derive the Lames equations for
determining radial and circumferential stresses

QUESTION THREE (20 MARKS)

a) State four assumptions made in deriving the Euler’s Theorem. (4 Marks)
b) Starting from first principles, derive Euler’s equation for crippling load for the
column loaded as shown in Fig Q3 b). (16 Marks)
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Fig. Q3 b)
QUESTION FOUR (20 MARKS)

Fig. Q 4) shows a circular plate of radius a subjected to a uniform pressure P or load P per

unit area.
] P per unit area —
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Fig. Q 4)
a) Starting from r% %% (r ‘2—‘:)] = % for Prdr, derive an equation for deflection (w) of
the plate and hence determine the maximum deflection in the plate. (15 Marks)
b) Obtain simplified equation that can be used to determine the radial moment at any
radius r in terms of P, thickness #, plate radius a and Poisson ratio v. (5 Marks)
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QUESTION FIVE (20 MARKS)

a) The general equations for determination of circumferential and radial stresses of a thin
disc rotating at an angular speed of w are;

B 1+3v
g = A +—2—Tpa)2r2
T

B 3+v
0, = A —— —=—pw’r? where A and B are constants.

A circular disc of uniform thickness, internal radius R; and outer raius Ro, rotates at a
uniform angular speed w. Determine expressions for maximum and mimium
circumferential and radius stresses. Sketch the stresse variations in the disc. (14 Marks)

b) 1) State one example of a rotating thin disc. (1 Mark)

i1) A thin disc of mass 50 kg, radius 60 mm and thickness 25 mm rotates at a uniform
angular speed of 70 rad/s. If the disc is fabricated from a material whose Poisson’s
ratio is 0.25, determine the radial and circumferential stresses developed at mid radius
of the disc when in rotation.
(5 Marks)
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