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Q4. Plastic design of a two span beam. 179 attempts (75%). Average mark 9.7 / 20

This question was done badly by most students. Almost all had grasped the idea of adding free and
reactant bending moment diagrams (“a particular solution plus a state of self-stress”). Quite a few,
however, drew states of self-stress that did not satisfy equilibrium (i.e. had moments at the pinned
ends). It was remarkable that many students, having the right idea about what was required, could not
then perform the simple calculations correctly. A common approach was to insert a pin at B, look at the
left hand beam under the UDL and write down an equation for the shear force. This was then
integrated to obtain an equation for the moment. This was then differentiated (integrate up then
differentiate back down again!) to obtain the location of the maximum, x = 3.43m (i.e. L/2 — the
maximum is at the midspan, surprise!!). This was then substituted into the equation for the moment, to
obtain M = wi?/8 = 1000kNm. Of course, by this time, most had introduced errors, and had wasted
perhaps 10 minutes and two sides of paper. Students did not know that M = wl */8 (it is not in the Data
Book), nor did they recognise that this is actually irrelevant anyway. The maximum sagging moment is
required for the combined free and reactant. The students thus needed to repeat this whole process with
the linear reactant line included, and few did. No-one determined the location of maximum moment by
saying that it occurs at the point of zero shear. Equal numbers of problems then presented themselves
on the right hand span, with only a minority being able to compute the correct numerical value of the
free moment beneath the point load. Given that very few obtained the correct numerical solutions to
part a), it became difficult to make sense of many answers to parts b) and c). In part b), a high
proportion erroneously said that applying the loads separately would lead to collapse in one span or the
other, variously, for various reasons — often because they had calculated that M = 2000kNm, 4000kNm
or 8000kNm in the left hand span. In part c) almost every answer asserted (wrongly) that the worst
case for the rolling load was at the centre of the left-hand span. In summary, the students demonstrated
that they had grasped some high-level and subtle ideas about lower bounds, indeterminate structures,
particular solutions, states of self-stress, etc., (all of which used to be third year material), but were
woefully unable to undertake simple first year calculations, such as determining moments in simply
supported beams.

(Incidentally, this question can also be answered by upper bound mechanism analysis to obtain exactly
the same answers, and a few did this.)
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Q5. Plastic section modulus/yield lines. 211 attempts (88%). Average mark 13.3 /20

In part a) a sizeable proportion of students evaluated the plastic section modulus around the centroidal
rather than the equal-area axis. In part b), common errors were geometrical: quite a few took the
hexagon to be regular. The simple method of considering mechanisms via orthogonal slices is rather
tricky here, but none approached it that way as that method is not taught. Approximately equal
numbers approached it via the vector rotation method and the projection method (which was
introduced to the teaching this year, possibly prompted by the comments of last year’s examiner). For
this problem, both methods are equally straightforward, and many correct answers or reasonable
attempts were obtained by each route. Finally though, very few students knew, or knew how to work
out, the plastic moment of resistance per unit length of a plate. '
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Q6. Slip circle/plastic failure of footings.133 attempts (55%). Average mark 12.2/ 20

Many good attempts. Almost all students correctly solved part a). Errors came in part b), and were
mostly algebraic. As pointed out by the External Examiner before the exam, there are a number of
subtleties associated with the fact that the horizontal force tends to cause the slip circle to rotate in the
opposite direction to the vertical force. These will be covered in detail in the crib. However no student
found any confusion in this. The most common substantive error in part b) was the assumption that
wedge A moves vertically downward, in defiance of compatibility. In part c), many students stated
erroneously that including the self-weight of the continuum would “help V” and so affect the
interaction diagram.
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