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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 numberi;jg systemusedm this question
paper. Y a4

4. Draw a line after each part of a questioﬁf ;

5. Show ALL the steps of the calculatigns:.

6. No marks will be given if only theformula gm:jj;énswer are given.

7. Write neatly and legibly?’,,’,;; |
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QUESTION 1

A hollow shaft is subjected to a bending moment of 15 kNm. The length of the shaft is
3 m and it transmits a maximum torque of 36 kNm. The maximum torque is 20 percent
more than the mean torque and the shaft transmits 800 kW.

Calculate the following:

1.1 The weight of the flywheel which is mounted in the middle of the shaft

between the bearings. Consider the shaft as simply supported.

1.2 The revolutions at which the power is transmitted | \

1.3 The diameters of the hollow shaft if the inside diameter is Oshmes the
outside diameter and the maximum compressive stress in the shaft is
120 MPa .

1.4 The shear stress in the shaft for this condition .

QUESTION 2

2.1 Briefly describe how a link bendtes’cxscamedout ;m a lifting chain.

2.2 State FOUR conditions a liﬁingk‘gﬁa‘fiﬁ‘m‘u;ksﬁt'iéomp!y with to be satisfactory after

examination and measuremen‘t‘—

2.3 When is a proof tes‘it\}géfrseq out 6&%’33 hook?

QUESTION3

A reinforced concrete beam is simply supported over a length of 4 m and carries a
uniformly diéfﬁbuied;}iﬁgad of 12 kN/m over its full length, including its weight. A point
load is supported 2,8 metres from the left-hand support. The allowable stress for the
steef and the concrete is 140 MPa and 7 MPa respectively and m = 15. The maximum
moment of resistance is at the point load.

Calculate the following:

3.1 The maximum moment of resistance of the beam if the reaction in the right-
hand support is 80 kN

3.2 The magnitude of the point load

W
w

The effective depth of the steel reinforcement if the width of the beam is
400 mm
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QUESTION 4

A cantilever consists of a flat bar, 20 mm by 150 mm, bending about its XX-axis.
Two unequal leg angles, 150 mm by 90 mm by 15 mm, are welded to the flat bar, one
at each side to form a 'T' section. The 150 mm will be vertical and the 90 mm
horizontal. The length of the cantilever is 4 m and the weight of the flat bar and the two

angles are 570 N/m. The deflection of the cantilever must not be more than 1/360 of
its length. E = 200 GPa

Calculate the following:
4.1 The point load that can be hoisted at the free end of the cantilever

4.2 The compressive stress in the cantilever

QUESTION 5

A retaining wall with a trapezium cross section is 1 m wide at the top and 4 m wide at
the bottom. The vertical side of the wall that retains the water is 5 m high and the wall
material has a density of 2 400 kg/m®. The ultimate ground bearing pressure of the soil
underneath the wall is 213 kPa. The wall is desxgned with a factor of safety of 3 for

around bearing pressure. The minimum ground bearmg pressure must not exceed
79 per cent of the maximum ground beanng pressure beneath the wall.

Calculate the following:

5.1 The maximum and mxmmum ground bearing pressure beneath the wall

5.2 The weight of the wall

5.3 The posutlon of the resultant ground reaction from the toe of the wall

5.4 The depth of the water for the condition above. State why the wall will be safe
agamst '%'9“3?9*} in the wall for the calculated water depth.
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QUESTION 6

A solid steel shaft with a diameter of 60 mm is pressed into a bronze sleeve with an
outer diameter of 80 mm. Young's moduli for steel and bronze are 210 GPa and

95 GPa receptively. Poisson's ratios for steel and bronze are 0,28 and 0,3
respectively.

Use Lame's equations and calculate:

6.1 The maximum hoop siress in the sleeve if the intermediate pressure in the
compound cylinder is 30 MPa - (6)
6.2 The shrinkage allowance for the compound cylinder s (3)
- % (9]
QUESTION 7 ‘
A suspension bridge is suspended between two supports A and B, 200 m apart and
the load on each supporting cable is 10 kN/m. The difference in helght of the two
supports are 6 m and the turning point of the cable is 5.m below the top of the shortest
support A. The anchor cable is supported by. fncironlees rollers at the top of the
supports and form an angle of 60° with the supports ;
Calculate the following: '
7.1 The maximum and min’i‘mum "rén:siep";at.th‘e supports (8)
7.2 The dimensions ofa;aﬁsquare fourréiétion to support the loads of the bridge for
support B which is an H-section (piles) of 356 by 368 by 174 kg/m.
The height of support B: !S 10 m. The allowable ground bearing pressure is
260 kPa. rF : (6)
| L [14]
QUESTION 8
The iegs of a trzpod have the following lengths: OA =58 m; OB =5 m; OC =6 m.
The base of the tnpod forms a triangle ABC with AB=AC=6mandBC =5m.
Determme gfaphrcauy
8.1 The forces in the legs OB and OC if the resultant force for these legs may not
exceed 25 kN (2)
8.2 The load lifted by the tripod (10)
[12]
TOTAL: 100
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STRENGTH OF MATERIALS AND STRUCTURES N6

INFORMATION SHEET

Any applicable equation or formula may be used.

b b
o, =a+— Cy=a——
R df " df F;z =Hp, ‘”:Dc L
7Z'd2~_ w D2 lz d] )
P,-~4‘- ‘—O‘LZ( -d”) d=—E[O',,——VO'R]

_1=Sinp ol

= =—po H?
41 Sing w=o P8
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Vix+3F-M=2W-M o =
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H
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r=3y (x = distance from toe)
X

W -M
xF-M

VF./FOS.=

S ultimate

6 max

VFIFOS.=

FI
VFI/FOS =——F%
XF — Forces
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pg|l+Sing
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M=%[L—-l]

2

M,=0, A, (d —n)
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yi= }"(2)+112 Iy =y, Tan@
F = Fj + (wx)? w2
’ FH =
8d
H)xlz W(L-—-xl)z
2d 2(d + h)
242 2 2
L= +24 b= (L—x)s 2+ D)
3x ’ 3(L-x))
21 [vr2 2 Fy =Wx+F,
lwe-z[M’F M*+T J
2 2 3
T, =M~*+T u _zD

4 74 3
Replace D* with Lﬁ’._ T 7D m
D 16 ™
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