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ENGINEERING TRIPOS PART IB 2013 

EXAMINER’S REPORT: PAPER 2 – STRUCTURES 

 

The examination was taken by 299 candidates. The average mark was 64.3% (62.0% from 616 

attempts in Section A and 66.8% from 580 attempts in Section B). 

 

Question 1 Attempts 165, average 11.8/20, maximum 20/20, 5 candidates scored 19 or 20. 

Part (a) was generally answered well, although units were often missed off the section constants, 

especially the torsion constant.  Occasionally, rotation per unit length was not converted to rotation.  

A few candidates incorrectly attempted to calculate the torsion constant from the second moments of 

area by applying the perpendicular axis theorem.  In general, the torsion analysis was not as well done 

as the bending, with some confusion between shear flow and shear stress and the appropriate 

thickness to use.  In Part (b), the specification of E and G in the question (rather than numerical 

values) led to unnecessary confusion over units.  Many struggled to calculate the central bending 

deflection of the built-in beam, despite reference to the data book.  A few candidates confused the 

rotation of the cross-section in torsion with rotation due to bending. 

Question 2 Attempts186, average 10.8/20, maximum 20/20, 3 candidates scored 19 or 20. 

Part (a) was answered well, although a few candidates leapt in assuming a 45-degree truss.  Most 

struggled with Part (b), where virtual work was applied poorly. 

Question 3 Attempts 265, average 13.9/20, maximum 20/20, 24 candidates scored 19 or 20. 

Part (a) was answered well, although a few candidates attempted to rearrange the stress-strain 

relations, rather than using the strain-stress relations directly, and one or two reported strain in 

millimetres.  In Part (b), all used the correct torsion-shear relation, and all adopted to draw Mohr’s 

Circles.  These were usually successful for (i) (with some measuring off scale diagrams) but few 

obtained correct results for (ii). 

Question 4 Attempts 288, average 13.8/20, maximum 20/20, 26 candidates scored 19 or 20. 

In this question on the plastic collapse of an unsymmetrical portal frame, candidates found it easy to 

place plastic hinges so as to form alternative mechanisms but many failed to recognise downward 

displacement of the vertical force during sway. The beam and the combined mechanisms were clearly 

familiar to them and well-handled. Almost all could create an interaction diagram but a significant 

proportion could not see how to use it to solve the question that was posed, getting tangled over the 

use of the load factor . 

Question 5 Attempts 171, average 14.2/20, maximum 20/20, 25 candidates scored 19 or 20. 

This question on plastic metal-forming attracted the highest marks. They would have been a few 

marks higher if more candidates had learnt how to answer the first, supposedly easy, part (a) on the 

application of fundamental structural principles in upper bound analysis. And they would have been 

even higher still if candidates had taken the time to label all zones of deformation, state clearly where 

symmetry was being invoked, and produce a proper displacement diagram. Nevertheless, the capacity 

of candidates to perform upper bound plastic calculations was clearly very good. 



Question 6 Attempts 121, average 11.1/20, maximum 20/20, 16 candidates scored 19 or 20. 

This question combined the calculation of elastic and plastic section properties with their application 

in elastic and lower bound plastic calculations for first yield and then collapse of a redundant frame. 

Although the average mark of the attempts fell just within the required range, the response to this 

question was rather disappointing and difficult to assess. Credit given for the calculation of section 

moduli rescued the majority from failure, though there was a proportion of highly inefficient 

calculations with attendant slips. Although 11 candidates scored full marks on the question, a more 

typical response in part (b) was to write down a variety of elastic displacement components and 

bending moment diagram fragments, apparently at random, in an attempt to glean credit. It was 

particularly depressing that candidates in general could not simply state that symmetry required the 

knee not to rotate. Nevertheless, the use of a “particular solution” (or a reactant line) did permit many 

to solve for plastic collapse in part (c). 

 

Examiners  and Assessors: Setting – Dr Fehmi Cirak, Marking – Dr James Talbot (Q1, 2 and 3); Prof 

Malcolm Bolton (Q4, 5 and 6). 

 

Malcolm Bolton 19 June 2013 
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