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SECTION A (Total: 100 marks)

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

Question 1

With reference to the mechanical properties of materials;

(a) Data taken from stress-strain for ceramic are given in Table 1. The curve is linear between

the origin and the first point.

iv.

V.

Plot the stress-strain diagram for ceramic.
Determine the rupture stress.

Determine the modulus of elasticity.
Determine the modulus of resilience.
Determine the modulus of toughness.

Table 1
c(MPa) g (mm/mm)
0 0
2324 0.0006
318.5 0.0010
3458 0.0014
360.5 0.0018
373.8 0.0022

{25 marks)
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Question 2

With reference to the mechanical properties of materials;

(a) Figure 1 shows an acrylic rod 200 mm long and 15 mm in diameter. An axial load of 300 N
is applied to the rod and E; is given by 2.70 GPA and v, = 0.4. Determine the change in its

length and diameter.

Figure1
(10 marks)

(b) The lap joint is connected using 30 mm diameter boit. The bolt is made from materials having
a shear stress-strain diagram as shown in Figure 2. Determine the shear strain developed in

the shear plane of the bolt when P= 340 kN.
r ¢MPa)

¥ {rad)

308

Figure 2

(15 marks)
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Question 3
With reference to the concept of stress, strain, axial load, bending and torsion,

(a) Figure 3 shows a C83400-red-brass rod AB and a 2014-T6-aluminum rod BC which are
joined at the collar B and fixed connected at their ends. The cross-sectional area of each
member is 1130 mm?2. If there is no load in the members when Ti= 10 °C, determine the

following; (Refer to Appendix B)
i. the average normal stress in each member when T2 = 50 °C. (10 marks)

ii.  the collar displacement. (5 marks)

Figure 3

(b) Figure 4 shows a bar subjected to axial force P. The allowable stress is Gaiow = 150 MPa.
Determine the maximum axial force P that can be applied to the steel plate. (Refer to

Appendix A)

Figure 4
(10 marks)
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Question 4

With reference to the concept of stress, strain, axial load, bending and torsion;

(@) Figure 5 shows A-36 hollow steel shaft is 2 m long and has an outer diameter of 40 mm.
The shaft is rotating at 80 rad/s and transmits 32 kW of power from engine E to generator

G. If the allowable shear stress is Taiow = 140 MPa and the shaft is restricted not to twist

more than 0.05 rad, determine the smallest thickness of the shaft.

Figure 5
(10 marks)

(b) Figure 6 shows the journal bearing at A and B only support vertical forces that are subjected
to the concentrated forces with allowable bending stress is Gaiow = 150MPa.
i. Calculate and sketch shear and moment diagrams. (10 marks)

ii. Determine the smallest allowable diameter of the shaft. (5 marks)

Figure 6
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Question 5

With reference to the concept of stress, strain, axial load, bending and torsion;

(@

(b)

Figure 7 shows a turbine developing 150 kW of power and transmitted to the gears with C
and D receives 70% and 30%, respectively. The journal bearing at E allows the shaft to turn
freely about its axis. If the rotation of the 100 mm diameter A-36 steel shaft is w = 800
rev/min, calculate;

i. the absolute maximum shear stress in the shaft and

i. the angle of twist of end E of the shaft relative to B.

(10 marks)

Figure 8 shows bearings at A and D exert only vertical reaction on the shaft. Loading is
applied to the pulleys at B (360 N) and C (500 N) and E (160 N). Sketch;

i the shear diagrams of the shaft.

ii. the moment diagrams of the shaft.
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Figure
(15 marks)

END OF EXAMINATION PAPER
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LGB22103 Strength of Materials — Formulae

Normal Stress o= %
Shear Stress T= vy
A
Fm‘ o ui T ai,
Factor of Safety F.S =L = i o Sl
F allow o-allaw z-alh)w
Normal strain = As —4s _ d
£= AS - Lo
Shear strain Y= g -0
sné =0
If 8 (rad.) is smali cosf =1
tand =~ 6
Pythagoras theorem a? =b?+c?
Cosine rule a’=b%+c¢?—2bccos@

Hooke’s Law (up to

- - . G = Eg
Proportional Limit)
Hooke’s Law (up to
=0y
Proportional Limit)
. 1 10,°
Strain Energy u= Eap,epl = —2"E—
€
Poisson’s Ratio L5 la.tem.l
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Lateral strain Elateral =
4]
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Longitudinal strain Elongitudinal = T~
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Modulus of Elasticity E= P
P
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Modulus of Rigidity G= 20+ 0)
Displacement (Axial 5= PL _ ZEL
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Stress concentration K = Foms
faCtOF anllow
Shear strain (torsion) Y= g -0
Shear strain (torsion) Y= (E] e
Shear stress (p)
T=1 " |Tmex
(torsion) c
Shear stress Tp
T=—
(torsion) J
Maximum shear Tc,
Tmax = 7
stress J
Polar moment of Jo
inertia (solid shaft) 2
Polar moment of
_ J="(c,* -¢)
inertia (hollow shaft) 2
Power P= ngﬁ =Tw
Power P=2#T
L
T(x)dx _TL TL
i = = e = D, —
Angle of twist ¢ _‘[ )G 1G1G
| Displacement of a o
S=¢-r
point on an arc
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