
 

New model offers more specifics about the
swaying of the Millennium Bridge
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Two researchers at Ohio State University have built a model to further
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explore the swaying experienced by the Millennium Bridge in London.
In their paper published in the journal Biology Letters, Varun Joshi and
Manoj Srinivasan describe their model and what it showed.

Back in 2000, the engineers who designed London's Millennium Bridge
were surprised to discover that crowds of people walking across it during
a dedication ceremony caused it to shake and sway—two days later, the 
bridge was closed for safety reasons. In subsequent studies, researchers
found the bridge swayed because of the walking behavior of pedestrians.
When the bridge moved slightly, they reacted like someone standing in a
rowboat trying to keep it from capsizing. All of those people reacting
caused a feedback loop which made the bridge unstable. In this new
effort, the researchers have improved upon earlier models built to mimic
the behavior of the bridge and learned more about the shaking and
swaying.

The researchers first built their model back in 2015 with features that
took into account such things as the impact of individuals moving in
lockstep, shifts in weight, or even random actions such as people turning
around. But that model was not able to factor in the energy cost of an
individual working to stabilize their gait. In their new model, they have
added an ability to take into consideration the impact of adjustments
people make as they walk on an unstable surface.

The researchers discovered that the wobbling of the bridge did not
require crowd synchrony, which prior studies had suggested was
necessary for wobbling to get started. They also found that crowds
syncing up and the bridge wobbling did not necessarily have to happen at
the same time. The model also showed that as the bridge started to
wobble, the people walking on it widened their steps, which required
more energy, but offered more stability.
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https://techxplore.com/tags/bridge/
https://techxplore.com/tags/model/


 

 

  

Walking on a shaky bridge. (a) Platform oscillation with P ¼ 2, 4, 6 and 80
groups of pedestrians representing an equivalent number N ¼ 80, 240 or 400
pedestrians. The steady state is independent of P, barring time-offsets due to
random initial phase. We see decaying oscillations for low N, oscillations with
multi-step periodicity for intermediate N and two-step periodic oscillations for
large N. (b) Platform steady-state oscillation amplitude (root-mean-squared
position of the steady-state motion) as a function of N, showing three
qualitatively different regimes. (c) Bridge motion when the bipeds (P ¼ 8) are
identical and nonidentical. (d) Order parameter variation showing that identical
biped synchronize but non-identical bipeds do not. See electronic supplementary
material, videos for walking animations. (e) The energy cost of walking goes up
when the pedestrians shake the bridge, comparing the 400 pedestrian case
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(shaking) to the 80 pedestrian case (no shaking). Walking on a shaken treadmill.
The steady-state phase difference as a function of (f) platform oscillation
amplitude and (g) platform oscillation frequency. Pedestrians entrain to platform
oscillations for some frequencies and amplitudes. All quantities non-
dimensional. Credit: Biology Letters (2018). DOI: 10.1098/rsbl.2018.0564

The engineers working on the wobbling problem did not have to wait for
the latest model to fix it, however—they installed dampers that
dramatically minimized both wobbling and swaying, making the bridge
safe for pedestrian traffic.

  More information: Varun Joshi et al. Walking crowds on a shaky
surface: stable walkers discover Millennium Bridge oscillations with and
without pedestrian synchrony, Biology Letters (2018). DOI:
10.1098/rsbl.2018.0564
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