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INSTRUCTIONS TO CANDIDATES

1, Please read the instructions given in the question paper CAREFULLY.
2. This question paper is printed on both sides of the paper.

3. This question paper consist of TWO sections.

4. Section A consist total of 60 marks. Answer ALL questions.

5. Section B consist of three questions. Answer TWO (2) questions only.
6. Pleaze write your answer on the answer booklet provided.

7. Please answer all questions in English only.

8. Refer to the attached Formula/ Appendies. O Tick if applicable

THERE ARE 9 PAGES OF QUESTIONS INCLUDING THIS PAGE
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SECTION A (Total: 60 marks)

Answer ALL questions.

Please use the answer booklet provided.

Question 1
The following questions relate to forces and equilibrium.

(a) If the magnitude of the resultant force is to be 9kN directed along the positive x-

axis, determine the following:
Refer Below - Figure1 : Forces acting on an eyebolt .

8 kN
Figure 1: Forces acting on an eyebolt

i Draw a free body diagram of the forces acting on the eyebolt.
(4 marks)

i, Determine the magnitude of force T acting on the eyebolt and its angle 6.
(6 marks)

(b) Force F, and F, acts on a gusset plate as shown. If 8 is 60°, determine the
following:
ReferBeiow-F&umZ:Fmsacﬁngonagumrmte.
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FA . 8 kN

EN__ 3

:HI

F3=6kN

Figure 2: Forces acting on a gusset plate

i.  Determine the magnitude and direction of the resultant force (Fy) created by
these two forces F, and Fg.
(6 marks)

ii. Draw the free body diagram for the gusset plate showing all forces.
(4 marks)
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Question 2
The folowing questions relate to forces and stress.
(a) Define the following terms:

i Surface Forces

(2 marks)
ii. BodyForces.
' (2 marks)

(b)  The two aluminum rods support the vertical force of P=20kN. Determine their
required diameters if theallowable tensile stress for the aluminum is Gayu =
150MPa.

Refer Below - Figure3 : Aluminium rods support system .
(8 marks)

Figure 3: Aluminium rods support system
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(c) The thrust bearing consists of a circular collar A fixed to the shaft B . Determine the
maximum axial force P that can be applied to the shaft so that it does not cause the
shear stress along a cylindrical surface a or b to exceed an allowable shear stress
of 1., = 170MPa.

Refer Below - Figure4 : Thiust bearing system .
(8 marks)

Figure 4: Thrust bearing system
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Question 3
The following questions relate to strain.
(a) Define the following terms.
i. Normal Strain
(2 marks)
i. Shear Strain A
(2 marks)

(b) The force applied at the handle of the rigid lever causes the lever to rotate
clockwise about the pin B through an angle of 2°. Determine the average normal
strain developed in each wire. The wires are unstretched when thelever is in the
horizontal position.

Refer Below - Figure$ : Rigid lever system .
(16 marks)

Figure 5: Rigid lever system
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SECTION B (Total: 40 marks)

Answer TWO (2) questions only.

Please use the answer booklet provided.

Question 1

A reinforced concrete pier is used to support the stringers for a bridge deck. Draw the shear
and moment diagrams for the pier when it is subjected to the stringer loads shown. Assume
the columns at A and B exert only vertical reactions on the pier.

Refer Below - Figure8 : Goncrete pier .

(20 marks)

60KN  35yN 35kN 3SkN  OOKN
|1m Im|1Sm|1S5mfim lml

e

Figure 6: Concrete pier
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Question 2

The following questions relate to axial load problems.

(a)

(b)

In your own words and with the aid of diagrams, describe Saint Venant's Principle.
(10 marks)

The assembly consists of two 10mm diameter red brass C83400 copper rods AB
and CD , a 15mm diameter 304 stainless steel rod EF, and a rigid bar G . Load P =

SkN.
Refer Below - Figure7 : Rod assembly system .

I——SOOmm—I 1-—450mm——
A B P

C D'~

¥

Figure 7: Rod assembly system

I Draw the free body diagram for each of the rod segments using method of

section.
(4 marks)

ii. Determine the horizontal displacement of end F of rod EF (5;).
(6 marks)
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Question 3

The following questions relate to problems on torsion.

(a)

(b)

Describe in your own words with the aid of diagtams, the principle of superposition
applied to shaft subjected to multiple torques to determine the total angle of twist
(¢). Hint: in addition to the definition, include diagrams on the application of method
of sections and a total angle of twist equation as example.

{10 marks)

The turbine develops 150kW of power, which is transmitted to the gears such that
both C and D receive an equal amount. If the rotation of the 100mm diameter A-36
steel shaft is w = 500rev/min., determine the absolute maximum shear stress in the
shaft (r,,) and the rotation of end B of the shaft relative to E (¢ge) - The journal
bearing at E allows the shaft to turn freely about its axis. Take G, = 75GPa.
Refer Below - Figure8 : Turbine with oulput gears .

(10 marks)

Figure 8: Turbine with output gears

END OF EXAMINATION PAPER
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Normal Stress o= E
A
Shear Stress T= X
A
Fai ) ail 7 i,
Factor of Safety F.§ =t o it _ Sl
Fallow O-allaw Tallow
Normal strain _4s=ds_ 0
F5Tas L
Shear strain Y= g -0
sm@~60
If © (rad.) is small cosf ~ 1
tan@ =~ #
Pythagoras theorem a?=b?+c?

Cosine rule

a2 =b%+c¢?-2bccosh

Hooke’s Law (up to

) o c=Ee
Proportional Limit)
Hooke’s Law (up to
T =Gy
Proportional Limit)
. 1 lo'plz
Strain Energy U= 5 OpEp =
&
Poisson’s Ratio y=— i
Elongitudinal
] 6
Lateral strain Elateral = -
0
' - . &
Longitudinal strain Elongitudinal = T~
0
- Ip!
Modulus of Elasticity = ?:
7}
.. E
Modulus of Rigidity G= 20+0)
Displacement (Axial 5o PL s PL
Load) AE  AE




LGD21103 Strength of Materials — Formulae

Stress concentration K = Foms
faCtor aallnw
Shear strain (torsion) = g -0
Shear strain (torsion) Y= (%)ymx
Shear stress ( p
T=1 = Tmax
(torsion) c
Shear stress Tp
T=—
(torsion) J
Maximum shear Tc,
Tmax =7~
stress
Polar moment of )= o
inertia (solid shaft) 2
Polar moment of
J =E(c(,4 —c,")
inertia (hollow shaft)
6
Power P= ng? =Tw
Power P =2afT
L
T(x)dx TL _TL
1 ] _— z—
Angle of twist ¢ ! X6 " 36276
Displacement of a
P S=¢-r
point on an arc
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