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QUESTION 1 [25]

In an experiment on a thick cylinder of 100 mm outside diameter, and 50 mm internal diameter, the

hoop

and longitudinal strains are measured by strain gauges applied to the outer surface of the

cylinder. These strains are 240 x 10 and 60 x 10 respectively, for an internal pressure of 90 MPa
and the external pressure of zero.

1.1

1.2

1.3

Determine the actual hoop and longitudinal stresses present in the cylinder if E = 208 GPa
and v = 0.29. (5]
Compare the hoop stresses so obtained with the theoretical values obtained using Lame's
equations. [10]
Assuming that the above strain readings were obtained for a thick cylinder of 100 mm outside
diameter and unknown inside diameter, calculate this internal diameter. [10]

QUESTION 2 [25]

A G-clamp is constructed from an |-section as shown in Figure Q2. It will experience a peak load of

2 kN.

2.1
2.2

2.3
2.3

Determine the maximum stresses at the central section AB [10]
What are the stresses if the section is changed to a circular section of the same area?
[10]
Comment on your answer 2]
Compare these results with those obtained from simple bending theory [3]
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Figure Q2: G-clamp

QUESTION 3 [25]

In Figure Q3, member AC can be considered rigid and weightless. Columns BD and CE are pinned
at both ends and have solid circular cross sections of diameter 15 mm. Column BD is made of
structural steel with E = 207 GPa and column CE is made of aluminum alloy with E = 72 GPa.
Determine the magnitude of P that will cause the column to buckle. [25]

200 mm

e

00 mm |P

v
—— ol

A | B (¢

1
<

400 mm
500 mm

_/:ADT |
/_AEf—__

Figute Q3: Columns of unequal lengths

QUESTION 4 [25]

The gantry shown in Figure Q4 is 7 m high and has a 3 m overhang. The cross sections of the gantry
members are |-shaped with dimensions shown. The orientation of the I-section on both members
is such that bending occurs about the X-X axis as shown. The gantry carries a point load of 5kN
load at the end of the overhang. The gantry is made of structural steel with E = 210 GPa and v =

0.33.

4.1 Determine the total strain energy induced in the gantry. [10]
4.2  Use Castigliano’s Second Principle to calculate the vertical displacement at point C.
[19]
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Formula Sheet

Buckling Egquations
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Rotating Components
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QUESTION 1 [25]

In an experiment on a thick cylinder of 100 mm outside diameter, and 50 mm internal diameter, the
hoop and longitudinal strains are measured by strain gauges applied to the outer surface of the
cylinder. These strains are 240 x 10 and 60 x 10 respectively, for an internal pressure of 90 MPa
and the external pressure of zero.

1.1 Determine the actual hoop and longitudinal stresses present in the cylinder if E = 208 GPa

and v =0.29. [5]

1.2 Compare the hoop stresses so obtained with the theoretical values obtained using Lame’s
equations. [10]

1.3 Assuming that the above strain readings were obtained for a thick cylinder of 100 mm outside
diameter and unknown inside diameter, calculate this internal diameter. [10]

QUESTION 2 [25]

A G-clamp is constructed from an I-section as shown in Figure Q2. It will experience a peak load of
2 kN.

2.1 Determine the maximum stresses at the central section AB [10]
2.2 What are the stresses if the section is changed to a circular section of the same area?
[10]
2.3 Comment on your answer [2]
2.3  Compare these results with those obtained from simple bending theory [3]
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Figure Q2: G-clamp

QUESTION 3 [25]

In Figure Q3, member AC can be considered rigid and weightless. Columns BD and CE are pinned
at both ends and have solid circular cross sections of diameter 15 mm. Column BD is made of
structural steel with E = 207 GPa and column CE is made of aluminum alloy with E = 72 GPa.
Determine the magnitude of P that will cause the column to buckle. [25]
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Figute Q3: Columns of unequal lengths

QUESTION 4 [25]

The gantry shown in Figure Q4 is 7 m high and has a 3 m overhang. The cross sections of the gantry
members are I-shaped with dimensions shown. The orientation of the I-section on both members
is such that bending occurs about the X-X axis as shown. The gantry carries a point load of 5kN
load at the end of the overhang. The gantry is made of structural steel with E = 210 GPa and v =

0.33.
4.1 Determine the total strain energy induced in the gantry. [10]

4.2 Use Castigliano’s Second Principle to calculate the vertical displacement at point C.
[15]
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Figure Q4: Gantry with I-cross section
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Formula Sheet

Buckling Equations
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Rotating Components
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