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Part 1A Structures Paper 2002
Examiner’s Comments to be attached to the crib

There were a number of lost marks because candidates failed to show units, and more
worryingly because they have used the results of their calculator which use m, k, M and pin
place of units or of powers ten. Thus there were ludicrous things calculated such as moments
of “23 uMNmm”. A significant number could not distinguish their sines from their cosines,
nor recognised when they used reciprocals of these quantities and resolved forces into
components that were larger than the original force.

1. Forces and moments in a crane. A large number failed to make sense of the forces at
the tip of the jib where there are two co-linear forces, one in the jib itself and the other in the
cable running along the jib. A significant number did not keep the force in each cable
constant along its length. A number confused action and reaction, with inevitable sign errors
as aresult. Very few drew free-body diagrams, or if they did had more than one cut or did not
put in all the forces across the cut, and as a consequence the drawing of the bending moment
diagrams was done very badly. It seems nonsensical that they can calculate the right forces
on a body and then be unable to calculate the internal moments. The external reactions were
almost invariably calculated wrongly by those who tried to resolve the internal forces, but
correctly by people who considered overall equilibrium. The calculations of cross sectional
area and inertia required for the jib were done well, apart from those who doubled the
allowable stress to give a factor of safety, rather than halving it. Let us hope they become
electricians.

2. The Leaning Tower of Pisa, or at least a simplified form of it. The least popular
question and the worst done, by a large margin. Several did not recognise it as a beam
bending question, despite there being an examples sheet question which treats a chimney

under wind load in the same way. Most managed to calculate the weight correctly, although a
few only took account of a single thickness of masonry. A number put the centre of gravity at
the top of the tower or calculated the stresses at the base on the assumption that the tower was
- on two rigid supports. Most were able to say when the tower would topple, and many made
intelligent comments about the possibility of earlier material failure. Very few tackled the

part that asked what happened when the masonry went into tension, but those that did got it
right.

3. Cables with Dimensional Analysis. Most do not know the difference between mass
and weight, which meant they left out g, without which they had only one variable with units
of time (E). There was a vicarious pleasure in watching them try to wriggle out of that — one
candidate resorted to the inclusion of natural frequency as a variable, which might have
worked, but not in a way of which the mechanics group would have approved. For some
inexplicable reason, very few thought that the length of the cable was an important variable
when determining their non-dimensional groups. They knew that E=c/s; they had just
derived a formula relating cable tension to the weight of the cable, and they knew that weight
was related to density, but they could not join up the dots.

()



4. Virtual Work applied to a truss similar, but not identical, to the Statics Lab that they
have all done. Most of the errors were failures to get the angles right, or simple slips in the
algebra. Almost none drew polygons of forces which would have eliminated most errors
although one who did still managed to get tension and compression mixed up. Several tried
to apply symmetry to a blatantly non-symmetrical problem, especially those who tried to
work out bar forces by starting at the load rather than at the supports.

5. Aluminium beam with CFRP plate glued on. A variation on a very standard theme.
About half could not calculate the bending moment at the centre of a simply supported beam
under uniformly distributed load. There were also serious problems with units in this
question. The overall beam length was in m, and the load in kN, but cross-section dimensions
were given in mm, and in the data book the values were quoted in mm?* x10 or mm*x10*.
Almost none of the candidates correctly allowed for the changes in units or the powers of 10,
and most made significant errors in the dimensionality of their units (“stresses” of N,
“moments” of kN/m etc), if they showed any units at all. I think this comes from a reliance
on their calculators to sort out powers of 10 for them, which may work when the units they
start with are consistent but should not be relied on. Several ignored the statement that the
beam was made of Aluminium and used the Modulus for steel instead. A fair number
confused centre of gravity and centroid; “the centroid of the section does not move since the
weight of the carbon fibre is negligible”. Oh yes it does! A significant number were
confused by whether to increase the width of the CFRP when converting into Aluminium
units, or to decrease it. Some increased the thickness instead! The correct figures were
plugged into the shear formula by most. No one pointed out that gluing CFRP onto Al is
pointless since it makes very little difference to the stress in the Al, primarily because their
numerical results were wrong by the end.
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