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1. A mild steel strut, 8m long, is fabricated from flat plates 300mm wide by 10mm thick
and two channel sections 100mm wide by 200mm deep as shown below;
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Assuming pinned ends, determine the following:
(E=200GPa for the plates and channel, ,_ 7520 , 0, =320MPa)
a) Which axis will the strut buckle about?
[5 Marks]
b) What is the radius of gyration about this axis?
[2 Marks]
c) What is the slenderness ratio of this strut?
[2 Marks]
d) According to Euler theory, what load will this strut buckle at?
[3 Marks]
e) According to Rankine-Gordon theory, what load will this strut buckle at?
[3 Marks]

f) Comment on the results of (d) and (e), and with the use of a diagram
explain the difference between experimental results and buckling loads
according to Euler theory.

[5 Marks]



A steel rod has a square cross section 10mm x 10mm and a length of 2m.
Calculate the strain energy when a stress of 400MPa is produced by stretching it.
(E=200GPa) [3 Marks]

. The rod then has a metal collar fitted at the lower end, and a mass, m, is dropped

onto the collar. Show, by considering the energy transferred from the falling
weight to the rod, that the height, h, is related to the stress, o, by the following
relationship;

h— oV
2Emg

Where V is the volume of the bar, and L is the length. Assume that the extension
of the bar is NOT significant in the energy transfer. [3 Marks]

If the stress must not exceed 70MPa, from what height could 100kg fall onto the

collar, without exceeding this? [4 Marks]

Two shafts are of the same material, length and weight. Shaft A is solid with a
diameter of 100mm. Shaft B is hollow with an external diameter of Dg and an
internal diameter of ds. ;

By considering the volumes of the shafts prove;

Dg? — dg? = 0.01m? [2 Marks]

. Assuming the maximum shear stress in both shafts, use the simple theory of

elastic torsion to show;
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Where T is the torque carried, J is the polar second moment of area, and subscripts
A and B represent shafts A and B respectively. [2 Marks]

Given that the hollow shaft is to store 25% more energy than the solid shaft when
transmitting torque show;

2
o _ T—A2 [2 Marks]
1.25J, T
Hence find the internal and external diameters of shaft B [4 Marks]



FORMULA SHEET

P?L : , :
U= Strain energy in tension
2AE
2
U= QL Strain energy in shear
2AG
2
U= ML Strain energy in bending
2ElI
T’L : : :
U= Strain energy in torsion
2GJ
BD®
I NA — 12 Second moment of area of a rectangle

Ina = Ig + Ah?  Parallel axis theorem

P.E. =mgh Potential energy
KE.=%mv?  Kinetic energy

M o E
o = E The simple theory of elastic bending
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J= T = ﬂ:?z Polar second moment of area for a solid circular shaft

The simple theory of elastic torsion

. L
slendernes s - ratio = M

k= \/; Radius of gyration
5 7°El
e L2 Buckling: pinned-pinned
7*El
P, = 412 Buckling: fixed-free
2
P A EI
e L2 Buckling: fixed-fixed
2
27 El
P =

e L2 Buckling: fixed-pinned



A
Ty Rankine Load

P =
R 1+a(L/k)?



