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SECTION A {Total: 100 marks)

INSTRUCTION: Answer FOUR (4) questions ONLY.
Please use the answer booklet provided.

Question 1

(a)

(©)

One method of specifying the allowable load P for the design is the use the Factor of Safety

(F.S.). In your own words describe the factor of safety and give three (3} reasons why F.5.
is introduced.

(6 marks)
Define the following termé:
iy Body Force. (2 marks)
iiy Surface Force. (2 marks)

Figure 1 shows an open square butt joint that is used to transmit a force of 250N from one
plate to another. Determine the following:

) Internal forces acting on the face of the weld at sections AB and ch.

{3 marks)

iiy Average normal stress and average shear stress that acts on section AB.
(6 marks)

iy Average normal stress and average shear stress that acts on section CD.
(6 marks)

2508 _

Figure 1: Open Square Butt Joint
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Guestion 2

(a) Define the following terms:
iy Shear Strain. (2 marks)
i) Small Strain Analysis. (3 marks)

(b) A block is deformed into the position shown by the dashed lines as shown in Figure 2.
Calculate the following:

i) Average normal strain along the line AB and side OF.

(14 marks)
ii) The average shear strain at A and D.

(6 marks)

100 mm

" Figure 2: Deformed Block
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Question 3

(a) Creep is a time-dependent deformation of a material while under an applied load that is below
its yield strength. With an aid of 2 diagram, describe three (3) regions during creep extension

process.

(10 marks)

{b) A tension test was performed on a steel specimen having an original diameter of 13mm and
a gauge length of 50mm. The data is listed in Table 1 below. Plot a conventional stress-strain

diagram and determine approximately the value of the following parameters:

i) Modulus of Elasticity (Young's Modulus).
iy Yield Stress.

iy Uliimate Stress.

iv) Failure Stress (Rupture Stress).

Table 1: Stress-Strain Data for a Steel Specimen

( Load (kN) l Elongation (mm) 1
| 0.0 1 0.0000 |

7.5 l 0.0125 ﬂ
l 23.0 \ 0.0375 ‘
| 40.0 ] 0.0625

55.0 \ 0.0875

59.0 1\ 0.1250

59.0 0.2000

60.0 0.5000
i( 83.0 ; 1.0000
i 100.0 g 2.5000
! 107.5 ; 7.0000 |
| 975 1‘ 10.0000 [
'( 92.5 " 11.5000 J

{15 marks)

LGB 211083 STRENGTH OF MATERIALS Paged4 of 8



JANUARY 2016 CONFIDENTIAL

Guestion 4

(a) In your own words and with the aid of diagrams, describe the Principle of Superposition and
state two (2) conditions needed in applying the principle.

(10 marks)

(b) A steel plate has a thickness of 12mm with shoulder fillets located at B and C as shown in

Figure 3 below. Allowable stress is given as o, =150MPa. Determine the following:
i) The maximum axial load P that the steel plate can support.
(5 marks)

i) lts elongation, neglecting the effect of the fillets

(5 marks)

60 mm
120 mm ~.C A
r=30mm -

:.:""._"::f.":—.?'.::' . . l 9
4 L/l/ 800 mm 200 mm
200 mm

Figure 3. Steel Plate with Shoulder Fillets

(c) State two (2) stress concentration factor dependencies and give three (3) measures that can
be employed to reduce stress concentration at discontinuities.

(5 marks)

LGB 21103 STRENGTH OF MATERIALS Page 8of 8



JANUARY 2016 CONFIDENTIAL

Question 5

From the beam shown in Figure 4 below:

(a) Replace the distributed load by an equivalent resultant force and reactions.
(b) Draw the free body diagram of the beam segment of length x.

() Determine the shear and moment equations.

(25 marks)

Figure 4. Distributed load applied to a simply supported beam
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Question 6

(a) The steel axle is made from tubes AB and CD and a solid section BC. It is supported on
smooth bearings that allow it to rotate freely as shown in Figure 5 below. The gear, fixed to
its ends, are subjected to 85Nm of forques. The tubes have an outer diameter of 30mm and
an inner diameter of 20mm. The solid section has a diameter of 40mm. Determine the angle
of twist of gear A relative to gear D. Take Gsteel 88 75GPa.

_!\‘i Q ;

W
RGBS

Figure 5: Stee! axle and gear assembly

(10 marks)

(b) A motor delivers 33kW to the solid stainless stee! shaft while it rotates at 20Hz. The solid
shaft is supported on smooth bearings at Aand B which aliows free rotation of the shaft as
shown in Figure 6 below. The gears C and D remove 20kW and 12kW respectively.
Determine the diameter of the shaft to the nearest mm if the aliowable shear siress is Talow =

56MPa and the aliowable angle of twist of C with respectto D is 0.20° Take Ges as 75GPa.

(15 marks)
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.&%‘ﬂ:x -
AXFmm -

150 nlm. - ‘

Figure 6: Motor-Gear assembly

END OF QUESTION PAPER
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