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Q1 (a) A square brass bar must not stretch more than 2.5mm when it is subjected to a tensile
load. Knowing that modulus of elasticity, E brass is 105 GPa and that the allowable
tensile strength, Gaiow is 80 MPa, determine:

(1) the maximum allowable length of the bar. (3 marks)
(ii) the required dimensions of the cross section if the tensile load is 40 kN.

(3 marks)

(b) A pin connected structure is loaded and supported as shown in Figure Q1(b).
Member CD is rigid and is horizontal before the load P is applied. Member A4 is an
aluminum alloy bar with a modulus of elasticity of 75 GPa and a cross sectional area
of 1000 mm2. Member B is a structural steel bar with a modulus elasticity of 200
GPa and a cross sectional area of 500 mm?.

(1) Draw the free body diagram of the structure (2 marks)
(i1) Determine the normal stress in bars 4 and B (8 marks)

(iii)  Calculate the vertical component of the displacement of point D

(4 marks)
Q2 A shear force diagram for a simply supported beam is as shown in Figure Q2.
(a) Based on the shear force diagram, draw the beam with related load or forces acting
on the beam. (8 marks)
(b) Draw the moment diagram for the beam. (10 marks)
(©) Determine the maximum bending moment of the beam (2 marks)

Q3 A stress distribution for a homogeneous beam of a given cross-sectional area is shown in

Figure Q3. The beam is subjected to an internal moment M at the cross section. Determine:

(a) the centroid for the cross-sectional area of the beam, (5 marks)
(b)  the moment of inertia for the beam about a neutral axis, (5 marks)
(c)  the internal moment M acted on the beam, and (5 marks)
(d)  bending stress at point B. (5 marks)

Q4 (2 A hollow 3 m long steel shaft must transmit a torque of 25 kNm. The total angle of
twist in this length is not to exceed 2.5° and the allowable shearing stress is 90 MPa.
Determine the inside and outside diameters of the shaft if G =85 GPa

[ TERRI T A E (10 marks)
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A stepped shaft as shown in Figure 4(b) is made of aluminium and brass. The region
AB is aluminium, having G = 28 GPa, and the region BC is steel, having G = 84
GPa. The aluminium portion is of solid circular cross section 45 mm in diameter, and
the steel region is circular with 60 mm outside diameter and 30 mm inside diameter.
Determine the maximum shearing stress in each material. Ends 4 and C are rigidly
clamped . Calculate the torque required on the screw to raise a load of 25 kN

(10 marks)

A rubber ball is inflated to a pressure of 80 kPa. At that pressure the diameter of the
ball is 208 mm and the wall thickness is 1.2 mm. The rubber has a modulus of
elasticity £=3.5 MPa and Poisson’s ratio v= 0.45. Determine the maximum stress
and strain in the ball.

(8 marks)

A cylinder has an internal diameter of 230 mm, has walls of 5 mm thick and is 1 m
long. It is found to change in internal volume by 12.0 x 10 m? when filled with a
liquid at a pressure P. If E= 200 GPa and v = 0.25, and assuming rigid end plates,
determine:

(1) the value of hoop and longitudinal stresses (8 marks)
(i)  the necessary change in pressure P to produce a further increase in internal

volume of 15%. The liquid may be assumed incompressible.

(4 marks)
Explain what is principal stress. 2 marks)
Describe how principal stress can be calculated. (2 marks)

An axial force of 900 N and a torque of 2.50 Nm are applied to the shaft as shown in
Figure Q6(c). If the shaft has a diameter of 40 mm;
(1) determine the principal stresses at a point P on its surface and show

them on a sketch of a properly oriented element, (8 marks)
(i1) determine the maximum shear stresses and associated normal stresses

and show them on a sketch of a properly oriented element. (8 marks)

- END OF QUESTION- |
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Fundamental Equations of Mechanics of Materials
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