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4D6 - DYNAMICS IN CIVIL ENGINEERING
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SOLUTION
and approximate marking scheme

[4 (a)i Vortex shedding behind a bluff body [2.5%]. Caused by the interaction of two
approximately-parallel shear layers [2.5%]. The frequency is a function of the diameter
of the body (or, more exactly, the distance between the shear layers) and the flow velocity
[2.5%]. It beats at its own frequency and is independent of external disturbances, unless
that disturbance is very near its natural frequency [2.5%].

Z,. (a)ii

*Vortex shedding and lock-in, caused by vortex shedding near the natural frequency of the
structure [2.5%]. The transient response of the structure is at its own resonant frequency
[2.5%]. If this is near the vortex shedding frequency, the v-s frequency locks in [2.5%].

*Galloping of a non-circular cross section [2.5%]. When the structure moves in the cross-
stream direction, there is a force in the direction of motion for some cross-section shapes
[2.5%)]. For small oscillations this force is proportional to the structure’s velocity and
can be thought of as negative damping [2.5%]. If the net damping (the negative damping
subtracted from the actual damping) is negative then the structure will be unstable to soft
excitation [2.5%]. Bonus for discussion of hard excitation [2.5%].

*Flutter [2.5%]. When the structure has a torsional and a translational mode [2.5%)] it will
flutter if the net damping of one of the modes is negative [2.5%]. Flutter depends on
the relative positions of the centre of mass, the aerodynamic centre and the elastic axis
[2.5%)].

/1 (b) The cross-section is circular so there will be no gallop or flutter [5%]. However,
it will potentially suffer from vortex shedding when the water moves across the walkway
[5%]. This may be dangerous in itself but will be particularly dangerous if this locks into
its resonant frequency [5%]. To calculate its resonant frequency in water, f,,, we can use
the resonant frequency in air, f,, but must consider the added mass of the water around

Version: 1 (TURN OVER for continuation of Question 2



the structure.
_ m-mg
fo= fayf ot
where the mass per unit length of structure is m, the added mass of the air is m, and the
added mass of the water is m,,. The added mass is equal to 1 x prD? /4, since the added

mass coefficient for a cylinder cross-section is 1. Therefore [20%]:

2732
fw:O-S\/ 885+ 12m3°/4 _ 66z

885 + 1027732 /4

The pipe’s diameter is much smaller than the water depth and it is neither near the surface
nor the sea floor. Therefore we do not need to consider the effects of the floor or the
surface on the added mass coefficient [5%]. If we did, the floor would increase the added
mass coefficient and the surface would decrease it.

The Reynolds number is much greater than 1000 [5%] so the Strouhal number of
vortex shedding is 0.2. The water velocity at which this will be the same as the resonant
frequency of the structure is 2.49ms~! [10%)]. The maximum cross-stream velocity is
3ms~! so lock in can potentially occur [5%)]. This would be dangerous.
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