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This was a very popular and generally well answered question. All candidates were able to show that the structure
had two redundancies as required in part (a). Most candidates successfully derived the particular equilibrium solution
(bi) and the corresponding states of self stress in the structure (bii), but more candidates than expected committed
errors in resolving the forces at the joints. Most candidates used the appropriate force method for finding the elastic
solution (biii), and most were successful in assembling the flexibility matrix and applying virtual work to derive the
two simultaneous equations. Several candidates lost some marks due to algebraic errors in assembling and solving
the simultaneous equations. Some candidates were unable to determine the horizontal displacement required in (biv).

- The style and format of this question was one that the candidates were very familiar with. The most successful

candidates were the ones that were proficient in resolving the forces in parts (bi) and (bii) thereby giving themselves
sufficient time to assemble and resolve the simultaneous equations correctly and complete the question in good time.
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This was the least popular question and was poorly answered by around 75% of the candidates that attempted it, but
very well answered by the remaining 25% of the candidates. Most candidates were able to determine that the
structure had one redundancy. Several candidates did not proceed to resolve the rest of the question which explains
the several low marks recorded. Some candidates who attempted parts (bi) and (bii) determined the reactions
incorrectly by considering a free body diagram of the entire frame and in doing so implicitly ignored the effect of the
redundancy on the distribution of forces within the frame structure (i.e. assumed node B to be a pin connection). The
remaining candidates realised that the structure could be split into free body diagrams of its constituent parts that
could be described by standard data book cases and resolved by applying compatibility of rotations or displacements.
Most candidates that attempted b(iii) gained some marks, this included some students who failed to solve the
previous sections correctly but were able to sketch the basic shape of the bending moment diagram.

Despite appearing in some past exam and examples papers, the style and format of this question was less familiar to
the candidates. This question was less laborious than the other elasticity questions. The main challenge was to
identify a correct approach for solving the question.
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This was a moderately well answered question where most candidates were able to identify the correct approach, but
there were several errors and omission sin some of the answers provided. There were several mathematical errors in
the calculation of the second moment of area of the triangular hollow section required for part (ai) and most
candidates seemed to spend a disproportionately large amount of time on this part of the question. Some candidates
realised that the applied forces could be described by superimposing two simple cases in part (aii) i.e. a simple
cantilever with a central vertical point load and a single torque applied at the free end of the cantilever. However
several candidates ignored the flexural or the torsional contributions to the shear stresses at points A and B. Most
candidates that attempted part (b) were able to plot Mohr’s circle and apply the Tresca and von Mises yield criteria
correctly.

The style and format of this question were very familiar. The principal variation was the triangular cross section.
More candidates than expected ignored the flexural or the torsional components of the stress, but the application of
Mohr’s circle and yield criteria was generally good.
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4. This question was done surprisingly badly; what is even more worrying, most of
the candidates probably thought they got it right.

Part (a) was a basic collapse analysis of a beam under ud load. Quite a lot of
candidates got the basic mechanism right, but then didn’t try to find the worst case, or
if they did gave up because they thought the differentiation (of a fraction, which leads
to a quadratic) was too hard, or if they tried it they got it wrong. Many guessed that
the critical case was with the sagging hinge in the centre; others justified it by saying
that the loading is symmetrical so the collapse mechanism is symmetrical (it isn’t true
because the support conditions at A and B are different — A is a simple support, B is a
continuous support). Many others put a plastic hinge (or assumed that energy was
being dissipated) at the simple support at A, which has the effect that the critical case
IS with the hinge in the centre. Others assumed that the self weight could be taken as
a point load half way along the beam. The result was that less than 10% of the
candidates got this basic analysis right.

Part (b) was done even worse. The correct solution takes account of the fact that the
bending moment must be M, at the plastic hinges, in particular at B. So it is possible
then to calculate the support reactions at A and C by simple moment equilibrium — a
one-line calculation. The reaction at B can then easily be found from force . '
equilibrium. There were two sorts of answers by most candidates. One group treated
the beam (incorrectly) as a statically indeterminate elastic beam and tried to analyse it
using data book coefficients; even if they did this correctly they of course ended up
with the wrong answer. The other group simply tried to write down three equations of
overall equilibrium. However, there are ONLY two equilibrium conditions that can
be applied (vertical force and moment equilibrium) — taking moments about different
places does NOT generate new information. They performed the miraculous
achievement of being able to solve two equations for three unknowns — next time I
have to feed 5000 people with 5 loaves and two fishes I will know who to go to for
assistance.

Part (c) was meant to sort out who really knew what they were talking about (answer,
no one). I was expecting most people to say that they had calculated an upper bound,
which is what happened. The better candidates said that they would need to do a
lower-bound solution by checking the equilibrium state, but none realised that this is
precisely what they had (or at least should have) done in section (b), so no one got the
last couple of marks I was reserving for the best candidates.

Most of the marks awarded in this question were to odd things done correctly in the
middle of a mass of nonsense. :
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5. Lower bound question done reasonably well by many candidates. In part (a) they
were asked to quote the theorem, not to summarise how it should be employed. It can
be expressed in various ways but they had to include “equilibrium everywhere” and
“yield nowhere” to get full marks. They were given 6 potential bending moment
diagrams to see if these satisfied the conditions of the lower bound theorem. The
objective was to see which of the potential diagrams was in equilibrium with the
loads, NOT to see which had moments less than M,. As it happens, all did, but it
would have been quite possible to suggest a set of moments for which this wasn’t true
(in which case the load factor would have been less than one). Several candidates
talked about a set of bending moments being “compatible with the loads”; beware of
using “compatible” in this way — it has a more specific meaning in structural
engineering than in common parlance. Many were confused by bending moment
diagram (c): it is the bending moment diagram you get if there are no reactant
moments, and thus it IS in equilibrium with the applied loads, so can be used to get a
lower bound estimate of the collapse load. It will give a fairly low estimate, since you
would expect there to be some hogging moments there, but it is still valid. There also
seemed much confusion about what the load factor was; for any BM diagram that
satisfics equilibrium, it is simply the ratio between M, and the maximum moment in
the diagram. Many candidates did quite complicated calculations that I could not
follow. The last part was done badly; most assumed that if you picked the reactant
moments so that the peak moment was at M, then you had the maximum load, but in
reality you should pick the reactant moments such that the maximum sagging and
maximum hogging moments were equal (and thus as small as possible). All the loads
can then be multiplied by the biggest load factor before collapse would occur.
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6. Yield line question. Proves the old adage that it is impossible to set a question that
is too easy! There was a worrying inability to do trigonometry; many candidates used
Pythagoras or the cosine rule when trying to work out the length of the odd side in an
isosceles triangle. It harks back to the old A level approach of asking “what is the
formula for ...” instead of thinking. It isn’t wrong but it leads to equations in terms of
square roots and terms involving both cos(0) and cos(6/2) that just get complicated,
and these lead to other errors. A simple sin(6/2) is all that is needed anywhere. Many
assumed that because their answer didn’t involve R it must be wrong, when a
moment’s thought (which good candidates expressed) was that both the work done
and the energy dissipated vary linearly with R, so it should cancel. Some said that the
correct answer was dimensionally incorrect, probably forgetting that m, is a moment
per unit length, so has dimensions of force. Many tried to find the optimum value of n
by differentiating with respect to it, but it is an integer and you can only differentiate
continuous functions. One of the biggest problems however was the inability of
candidates to say what they were doing. There were many random equations written
down, often illegibly, using variables that weren’t defined and involving principles
that weren’t stated.



