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Abstract 
Descents in cycling are very technical phases in which the athlete can either inject or remove power. During races, this 
choice must be done in order to maximize the velocity with the constraint of avoiding a crash. We analyse this 
optimization problem and propose a geometrical solution that we compare to experimental data.  

 

 
 

Fig. 1 (a) Top view of the 1km descent in La Plagne studied by C.R. Lommers [1] (b) Theoretical analysis of the 
descent (solid lines) and comparison between the experiments and the theory (blue dots and line respectively)  

 

The aerodynamic of cyclists during descent has been studied by B.Blocken et al. [2] and shown to allow them to reach 
velocities of the order of 100 km/h [3] compatible with reported velocities during races. However, these velocities are 
only achieved in transient straight phases that last few seconds before braking occurs in order to negociate a turn. These 
braking phases lower the mean velocity down to 70 km/h to 80 km/h depending on the descent. When to brake and 
down to which velocity must one brake in order to negociate a safe turn are the main two questions adressed in this 
work. 
 
One way to address this question consists in making on field measurements: This approach was used by C.R. Lommers 
during his Master Thesis at TU Delft under the supervision of  Professor A.L. Schwab [1].  The measurements were 
done at the high altitude training camp of Giant Alpecin  in La Plagne (France Alps) on a track that had a length of 
1041m, 6 corners and a descend of 64m (figure 1-(a)). The average slope is thereby around the 6%. The 6  participants 
(mean age: 23.5 pm 1.6 years / length: 186.7 pm 6.3cm / Body mass 72.0 pm 4.0kg) all perform the tests on their own 
bicycle. They were not allowed to pedal, such that it’s a true test on descending technique. And they were instructed to 
go as fast as possible. Each cyclist had to perform a minimal of 4 trials. The maximum speed square is presented with 
blue squares in figure 1-(b) as a function of the curvilinear location. Three main braking events clearly appear 
corresponding to the three U turns identified in figure 1-(a).  
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In order to understand theoretically this evolution of the velocity we start from the time evolution of the energy [3]: 
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𝜌𝑆𝐶!𝑉! = 𝑃! 𝑡  (1) 

On the left handside, one identifies the time evolution of the kinetic energy, the gravitational potential contribution 
(𝛼 = −0.06 in La Plagne), the rolling friction dissipation (𝜇 ≅ +0.003) and the aerodynamic friction loss (𝑆𝐶! ≅
0.21 𝑚!). On the right handside, 𝑃! 𝑡  stands for the active power injected by the cyclist. This active part can be 
positive if the cyclist pedal or negative if he brakes. For the experiments of  C.R. Lommers, 𝑃! 𝑡  is either nul (the 
cyclist are not allowed to pedal) or negative when braking occurs. In the limit of a strong braking, 𝑃! = −𝜇!𝑀𝑔 [4] and 
the above equation reduces to: 
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Since the right handside is constant, one deduces that the square of the velocity decreases linearly with the travelled 
distance during strong braking phases. The purpose of these braking phases is to avoid skid in turns which means that 
the cyclist must decrease his velocity down to the critical velocity 𝑉! under which skid will not occur: 

𝑉! = 𝜇!𝑔 𝑅  (3) 
where !
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 is the absolute value of the curvature of the road and 𝜇! its friction coefficient (typically 𝜇! = 0.8 for 

dry asphalt). This constraint states that the descent is safe if the velocity of the cyclist always satisfies the constraint 
𝑉! < 𝜇!𝑔 𝑅 . Knowing the topography 𝑅(s)  and the state of the road 𝜇!, one can draw in figure 2 the black solid line 
as a function of the curvilinear location. Above this solid line is the crash area. The cyclist must brake in order to keep 
the square of his velocity under this irregular ceiling. This leads to the construction presented in blue (𝑃! = 0) and red 
(𝑃! = −𝜇!𝑀𝑔).    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2 Geometrical construction of braking phases during descent.  
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