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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)

What is axial force diagram? (1 mark)
Using sketches, describe any two types of loads often experienced in beams (2 marks)
A leaf spring is to be made of seven steel plates 65 mm wide and 8 mm thick. Calculate the
length of the spring, so that it may carry a central load of 4 kN, the bending stress being
limited to 120 MPa. Also calculate the deflection at the centre of the spring.
Take E for the spring material as 200 GPa. (4 marks)
Derive the Elastic Bending Formula for beams and clearly state the assumptions made

(5 marks)
A circular shaft of diameter d mm and length L mm is loaded at the free end by a vertical

force W as shown in Fig. Q 1 e).
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i.  Using double integration method, derive an expression for the deflection and slope
along the length of the shaft (5 marks)

ii.  If the length, diameter and Elastic Modulus of the shaft are 50 mm, 20 mm and 200
GPa respectively, find the shaft’s maximum deflection. (3 marks)

f) The beam shown in Fig Q1 f) is loaded by an inclined bending moment of 50 kN-m as

shown.
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1) Find the orientation of the neutral axis (2 marks)
i) Calculate the maximum stress in the beam (3 marks)

g) A horizontal beam AB 6 m long is hinged at point A and freely supported at B. The beam
is loaded as shown in Fig Q 1 g).

4 kN 6 kN 8 kN
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Fig.Q1g)

Using a suitable scale, draw the thrust force diagram for the beam. (5 marks)
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QUESTION TWO (20 MARKYS)

A simply supported horizontal beam is loaded with a concentrated load, a uniformly distributed

load and a bending moment as shown in Fig Q 2). The beam has a solid rectangular cross-

section 100 mm breadth and 450 mm deep. The Young’s Modulus E is 200 GPa. Determine
a) The reaction forces at the supports (4 marks)
b) The expression for the elastic curve and slope using singularity functions (12 marks)

¢) The deflection and slope at the centre of the beam (4 marks)
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QUESTION THREE (20 MARKS)
A simply supported beam is loaded as shown in Fig. Q 3) and is made of timber with an
allowable bending stress g,; = 12 MPa. The beam has a rectangular cross section with
depth = twice the breadth. Determine
a) The reaction forces at the supports (3 marks)
b) Draw the shear force and bending moment diagrams for the beam (12 marks)

¢) The optimum dimensions of the beam (5 marks)

25 kN/m

Fig. Q3)
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QUESTION FOUR (20 MARKS)

The beam shown in Fig. Q 4) is made up of steel. If the allowable shear stress is 35 MPa;
a) Check the suitability of the section (16 marks)

b) If you designed such a structure assuming that the web carries all the shear stress, what

percentage error would you get? (4 marks)
50 kN
Z[Ild\'a’m F Y
A l s - L
D 10w > 6 mm 350 mm
&
im —— it b d
m »L— 1m—3 ‘?‘
130 mm

Fig. Q 4)

QUESTION FIVE (20 MARKS)

a) The composite beam shown in Fig. Q 5 a) below is formed from a wood beam measuring
4.0 cm by 6.0 cm and steel reinforcing plate 4.0 cm wide and 0.5 cm thick. The beam is
subjected to a positive bending moment of 60 kN-m. Using the transformed section method,
calculate the largest tensile and compressive stresses in the wood and the maximum and
minimum tensile stresses in the steel if the Young’s Moduli of wood and steel are 10 MPa

and 200 GPa respectively. (10 marks)

4 cm—> 0.5 cm

Fig.Q5a)
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b) Fig Q5 b) shows a statically indeterminate pin-jointed frame where all members remain
elastic, have the same Young's Modulus E and cross-sectional area a. If there are no initial

lacks of fit of the members, find the force in the member AC using the Principle of Virtue

Work. . (10 marks)
Take member AC as the redunant frame
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