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Computational 
analysis: 5 
methods

Flutter refers to a phenomenon
wherein, above a certain wind
speed, a bridge becomes
unstable and enters a self-
sustaining loop of increasingly
violent heaves and twists. This
occurs when the effective
damping of the structure
becomes negative: instead of
dissipating vibrational energy,
the system amplifies it, leading
to infinitely scaling oscillations
This is the origin of flutter; a
phenomenon that can only be
avoided, not stopped or
endured.

In this project, we have used 5 
increasingly complex methods to 
calculate the critical flutter 
windspeed for the Lillaebelt 
Bridge.

- Method 1 involved the use of 
several empirical equations to 
obtain a rough estimate

- Method 2 simplified the bridge 
section to a flat plate and 
obtained its forces & moments

- Method 3 followed method 2´s 
methodology but properly 
modelled the full section

- Method 4 simulated the non-
linear forces on a 2D slice of 
the bridge for better accuracy

- Method 5, the most complex 
and time-consuming, used 
several slices (5 in our case) 
and simulated them in pseudo 
3D.

What Exactly is 
Flutter?

Lillaebelt Bridge: 
Modeshapes and 

Frequencies

Conclusions
Long-span bridges must be 
designed to withstand 
dynamic wind effects, 
particularly flutter. The 
combination of numerical 
simulations, wind tunnel 
testing, and emerging 
technologies such as digital 
twins and artificial intelligence 
enables safer and more 
sustainable design. The future 
of bridge engineering lies in 
balancing elegance, 
innovation, and long-term 
stability.

In our specific case, the 
studied bridge is well 
designed. It can withstand a 
wind speed up to 92 m/s, well 
over the 71,8 m/s that the 
Eurocode-1991-1-4 demands.

Any given bridge has infinite 
modeshapes that correspond 
to different frequencies. 
However, coupled flutter 
requires only two; a heave 
and a pitch modeshape. For 
this project, we have used the 
lowest frequencies for both,
0.156 Hertz and 0.499 Hertz
respectively, which are the 
most easily triggered. Their 
modeshapes are displayed in 
the above image.

Table 1: Critical Speed of each method and the 
average.

Fig. 2: Oscillation graphs for heave and pitch with 
vs without flutter

Fig. 1: Lillebaelt suspension bridge under 
different frequencies

Fig. 3: Bridge slices with vs without flutter
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