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Instructions : Answer FOUR (4) questions. All guestions are COMPULSORY.
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Rod BC shown in Figure Q1 is made of A-36 steel and has a diameter of 40 mm.
Given E = 200 GPa and v = 0.32.

(a).

(b).

(c).

(d).

(e).

Figure Q1

Using the free-body diagram as a reference, write the equations of
equilibrium by considering all forces and moments acting on the system.
(5 marks)

If P = 150 kN, determine the force developed in rod BC and the reactions
at the support A.
(6 marks)

Using the solution obtained in 1(b), calculate the average normal stress
experienced by rod BC.
(3 marks)

Using the solution obtained in 1(c), determine the strain experienced by
rod BC.
(3 marks)

Determine the elastic elongation of rod BC and the decrease in its
diameter.
(8 marks)
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2. The gears attached to the fixed-end steel shaft are subjected to the torques

shown in Figure Q2. The shear modulus of elasticity is ¢ = 80 GPa and the shaft

has a diameter of 14 mm. The shaft turns freely within the bearing at B.

(a).

(b).

(c).

(d).

(e).
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Figure Q2

Using free body diagrams, determine the internal loading of T,., T, and

TDE.
(6 marks)

Determine the angle of twist at end of gear A.
(8 marks)

Using the solution obtained in 2(b), determine the displacement of the tooth
P on gear A.
(3 marks)

Sketch the internal loading diagram obtained from Question 2 (a).
(5 marks)

Determine the absolute maximum shear stress developed in the shatft.
(3 marks)
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A 5 m long simply supported timber beam carries a concentrated load of 46 kN,

as shown in Figure Q3(a). The cross-sectional dimensions of the beam are

shown in Figure Q3(b).

46 kN
0.5m

450 mm

)

(a).

(b).

(c).

(d).

(e).

am | 1m 150 mm

Figure Q3(a) Figure Q3(b)

Draw the shear force and bending moment diagrams for the beam shown
in Figure Q3(a).
(10 marks)

At section a—a, compute the magnitude of the transverse shear stress in
the beam at point H.
(3 marks)

At section a—a compute the magnitude of the transverse shear stress in
the beam at point K.
(3 marks)

Determine the maximum horizontal transverse shear stress that occurs in
the beam.
(4 marks)

Calculate the maximum compression bending stress that occurs in the
beam.
(5 marks)
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4. The wood frame showed in Figure Q4 is subjected to a combined load of 400 N
horizontal force and 350 Nm couple moment. The cross-sectional area at point

A is also shown in Figure Q4.
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Figure Q4

(a). Calculate the moment at point A.

(5 marks)
(b). Determine the principal stresses at point A.

(8 marks)
(c). Based on question 4(b), sketch the stress element.

(2 marks)

(d). From the stress element, draw the Mohr’'s circle and determine the
principal stresses, 01 and 02 at point A.
(10 marks)
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Formula table
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