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This question was quite poorly answered and had the lowest average mark in the
paper. Most students were able to determine parts (a)(i) and (a)(ii), but the latter
stages of (a) were poorly answered, in particular drawing a Magnel Diagram. In part
(b) most students did not determine the value of Po correctly, as they ignored the
contribution of the steel reinforcement.
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Q2(a)

Philosophy under which structures are designed such that the probability that a
number of performance criteria are exceeded is deemed to be acceptably small
during the required functional lifetime of the structure.

When a structure, or element within a structure, ceases to satisfy one or more of
these performance criteria it is deemed to have exceeded a limit state and thus now
fails to fulfil satisfactorily the design requirements.

Limit state design may be achieved using probabilistic methods or by the partial
factor method. The latter is by far the dominant method in practice. It requires the
designer to verify that relevant limit states are not exceeded: ULS is about safety, SLS
is about serviceability.

A full answer would consider some of the design situations (which relate to the limit
states, and are either persistent, transient, or accidental design situations).

Structural materials are often inefficiently utilised, with resistance rarely set equal to
effects of actions (at both ULS and SLS).

This mitigation against uncertainty, or additional "sleep at night" factor, perhaps
reflects a significant downside in getting it wrong, with little upside to be found in
being materially efficient.

Potential ideas for codified design to limit inefficiency:

o Setting upper bounds on resistance compared to effects of actions. Students
should explain how this might work, and what the unintended consequences
of such an approach might be — for example, designers might simply always
work to the upper bound, rather than the lower bound, of the resistance.

o Adding “...and no more” to design codes — encouraging designers to specify
what is needed, and no more.

o Adding a “climate limit state” in addition to SLS and ULS criteria.

Students may propose any approach that could result in limiting material
inefficiency, discussing the pros and cons of their idea.
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This question was generally very well answered, with the only area of difficulty being in the
calculation of the reliability index and probability of failure.
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This question was generally quite well answered, with (a)(i) being achievable by all
candidates. Answers to following sections were often too brief, and in (b) there was a poor
understanding of the carbon content associated with reused elements. Excellent responses
were those that demonstrated knowledge beyond repetition of the content of the course
handbook.
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