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Paper 4D7 Concrete and Masonry Structures
Solutions

A{b) Bookwork.
Candidates Yo provide examples of Z failures. .

Ronan Point tower block collapse, where a relatively minor gas explosion led to progressive coliapse
of parts of a tower block caused by inadequate tying-together of wall and floor precast units. It led
directly to requirements to prevent collapses of structures that were out of propartion to the original
failure (disproportionate collapse). Changing the factors of safety on the codes would not have made
mauch difference.

Ynys-y-Gwas Bridge, which failed with no load applied to it due to corrosion of prestressing tendons.
There were several aspects of the design that allowed the corrosion to take place. Transverse joints
between precast elements were filled with mortar, and the deck had no continuous slab. In addition,
the ducting for the tendons provided no barrier to water. One notable fact was that the oxygen supply
was limited so the steel carroded to a product that did not stain the concrete, 5o it was pot possible to
see it from external inspection. Changing factors of safety in codes would have made no difference to
the likelihood of failure, although having more or bigger tendons might have delayed it. The principal
cause of failure was poor detailing.

Ferrybridge Cooling Towers, several of which collapsed under high, but not excessive winds. The
designers had used a wind speed lower than the BS, and had not made any allowance for gusts, or for
disturbances to the flow caused by the grouping of the towers. There was also inconsistent
application of load factors (factoring the resulting stress, which was the difference of two
components, rather than applying factors in the worst sense to the individual load elements).

Concorde Overpass Bridge in Montreal which failed when a brittle shear failure propagated from a
half joint through a cantilever. There were inadequacies in the original design (especially in the
absence of shear steel), the construction quality management, and in the poor inspection and
maintenance regime. Higher safety factors would have made a difference provided shear steel had
been included.

Various other failures were discussed p-, lectores (Buildings in Chinese Earthquakes, Tasman
Bridge Collapse. Tacoma Narrows Bridge 1 not allowed as it was not a concrete su'ucmre.)
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Examiners Comments

Q1. The candidates knew that the variable angle truss method requires cot(6) to be between 1
and 2.5, and that the best answer was at one end of that range, but it seemed to be a pretty
random process which one they chose, and no one justified their answer. When asked for the
maximum allowable load most ignored the partial load factor. The discussion sections in (b)
were done badly if they were done at all; very few could give a succinct idea of what the
modified compression field theory was or why it was important. The best answer said "/
don't know what MCFT is about but it involves lots of complicated equations using
equilibrium, compatibility and material properties", which could be a universal answer to all
structures questions but got zero marks.

Q2. The first part was a simple elastic transformed section question that could have been
done (probably better) by the 1A students. Many didn't take account of symmetry. Part (b)
showed a fundamental lack of knowledge of basic mechanics; they needed to work out where
the neutral axis was and many took first moments of area (i.e. assuming linear elasticity) and
others assumed that the bottom steel was on the point of yielding. Both assumptions lead to
the conclusion that the two layers of steel are yielding and the good ones picked up that this
was nonsense because it meant that the concrete was doing nothing. Part (¢) - if it was done
at all, was done reasonably well qualitatively, but there were a lot of numerical errors for
what should have been a simple calculation.

Q3. Reliability analysis of a structure and properties of confined concrete. The first part was
done correctly by almost everyone, with only a few numerical errors; only 2 candidates made
fundamental mistakes. The second part was largely a reproduction of their notes which most
could do in more or less detail, although it wasn't always clear that this was accompanied by
understanding.

Q4. Discussion of different sorts of damage that might affect a concrete bridge. Almost none
of the answers reflected the specific details of the structures that had been given. The
sections about earthquake and spalling damage were not done well and marks were lost when
answers were incoherent or illegible.

C J Burgoyne
11th May 2016





