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Q1 
All candidates attempted Q1, and generally produced good solutions. The vast majority of 
candidates correctly assessed the assumed mode shape as satisfying the required boundary 
conditions.  Rayleigh’s method was correctly applied, in general, although marks were lost for failing 
to account correctly for the three legs and/or the mass of the deck.  A significant number of 
candidates lost marks on the forced response by failing to calculate correctly the equivalent force 
(by scaling by the mode shape) and/or the maximum displacement (again, by mode scaling).  

Q2 
31 candidates attempted Q2, and most did quite well.  Most students used mass lumping methods in 
part (a), although the appropriateness of assumptions varied significantly.  No student observed that 
a mass lumping approach would add mass to the second storey.  In part a(i), about half of students 
quickly checked another mode shape to see if the natural frequency was lower; the other half 
attempted to solve for the “real” eigenmodes, which no one did successfully.  In part (b), the 
majority of students used an appropriate method, with a minority forgetting the modal participation 
factor.  About 2/3 of students correctly calculated the ductility, though many overcomplicated the 
solution. 

Q3 
35 candidates attempted Q3, and most did quite well. The initial parts on differences between 
frequency and time domain analyses were well recognised and most candidates identified soil non-
linearity as the main reason for requiring time domain analyses.  The quantitative parts of the 
question required the students to calculate the horizontal, vertical and rotational stiffness of the 
tunnel.  Almost all candidates had the right approach but a few made arithmetic errors which 
promulgated into calculation of natural frequencies.  With the strong earthquake event and 
liquefaction, this time round many candidates could see floatation as a mode of failure apart from 
tunnel wall resonance.  

Q4 
This question was attempted by only 6 candidates.  Most candidates performed very well on this 
question, explaining flutter in parts (a) and (b) in a clear fashion, and calculating the critical wind 
speed for static torsional divergence using an appropriate method.  The errors that did occur were 
primarily related to calculating the mode-generalised torque. 
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