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Calculators may be used.

Thus questlon paper consists of 5 pages, 5 diagram sheets and a formula sheet of
2 pages.
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INSTRUCTIONS AND INFORMATION

1. Answer ALL the questions.

2. Read ALL the questions carefully.

3. Number the answers according to the numbe‘r‘ing‘ system :L;éedih“this question
paper. »

4. Write neatly and legibly.
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STIONA1

FIGURE 1, DIAGRAM SHEET 1 (attached) shows a metal rod which is subjected to a
tensile force of 190 kN. E = 180 GPa.

Calculate the:

1.1 Stress in the hollow and solid parts (4)

1.2 Total change in length 7 (4)

1.3 Total strain energy E - - (3)
1]

QUESTION 2

2. A compound shaft consists of a solid steel rod thh a cross- sectlonal area of

340 mm? and a copper tube with a cross-sectional area of 850 mm?.  The
steel rod fits inside the copper tube. Both matenais are initially 800 mm long
and their ends are rigidly fixed together. - .

Ec= 100 GPa
Es= 210 GPa
g =12 x 10° /°C
=18 x10%°/°C

Calculate the:

2.1 Magmtude ‘and nature of stresses induced due to temperature

change of 80°C (7)
22 o Resuultant"st‘resses when an axial compressive load of 25 kN is
: appiied in addition to the temperature change (10)

[17]
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QUESTION 3
FIGURE 2, DIAGRAM SHEET 2 (attached) shows a solid steel shaft. The shaft is

rotating at 800 r/min. Assume the maximum torque is 25% more than the mean
torque. E = 200 GPa.

Calculate the:

3.1 Diameter of CD if the shear stress in AB is equal to that of CD

3.2 Angle of twist in degrees of the compound shaft if the maximum‘térque is
300 N.m ‘

3.3 Power that can be transmitted by the compound shaift

QUESTION 4

FIGURE 3, DIAGRAM SHEET 3 (attached) shows a oaded l paraﬂel flange profile
beam which is used as a cantilever.

Calculate the:

4.1

4.2

4.3

Copyright

4.1.1 Bending moment at 25 m from A .
41.2 Value of F 1f the bendmg momen‘ts at B and C are equal

Draw the shear force and bend:ng moment diagrams and show ALL the
important pomts . ~

Select a suﬂable - profﬁe parallel flange if the stress is limited to 60 MPa for
both tension and compression and determine the working stress of the beam.

(4)

(4)
[14]

(4)

(9)

()
[21]
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QUESTION 5

FIGURE 4, DIAGRAM SHEET 4 (attached) shows an I-section which is used as a
column with a length of 4 m with both ends being built-in. E =210 GPa.

Calculate:
5.1 Euler's critical stress (12)
52 The dimensions of a solid square column of the same length and slenderness

ratio as in QUESTION 5.1 if the column is replaced by the square profile.

(6)
[18]

QUESTION 6
FIGURE 5, DIAGRAM SHEET 5 (attached) shows a frame‘_s‘truémre.

Determine graphically, the magnitude and nature of fo:‘ées in‘f‘e_a‘ch member. [9]

QUESTION 7

A boiler with a diameter of 1,5 m has a smgle nveted Iap jomt for the longitudinal joint.

What will be the minimum number of 15 mm dlameter rivets per pitch length for the

longitudinal joint if the boner pressure IS 160 KPa and the ultimate shear stress of each
rivet is 340 MPa? i

Use a factor of safety of 6 yandﬁ"a‘piate‘thyi‘ckness of 22 mm. [10]

TOTAL: 100
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DIAGRAM SHEET 1
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DIAGRAM SHEET 2
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DIAGRAM SHEET 4
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DIAGRAM SHEET 5

" FIGURES
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STRKENGTH OF MATERIALS AND STRUCTURES N5

Any applicable equation or formula may be used.
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One end fixed, one end free L, = 2L
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