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 1 
In Spain, -lane rural roads in a single file or in parallel 2 
line is growing. The number of overtaking maneuvers to them is also increasing. This is one of the 3 
most dangerous interaction between motor vehicles and bicycles. However, the risk of these 4 
maneuvers has not been deeply analyzed. 5 

This research analyzes the objective and the subjective risk of overtaking maneuvers to 6 
s. During this maneuver, the motorized vehicle overtakes the bicycles with a certain 7 

speed and lateral distance. These are the surrogate measures used to analyze the objective risk, 8 
whereas the subjective risk was analyzed based on the subjective risk perception that 10 cyclists 9 
riding instrumented bicycles (in different group configurations) indicated when every motor 10 
vehicle overtook them.  11 

Results shown that the cyclists most exposed to the overtaking maneuver are those at the 12 
front and at the rear of the group. Regarding to the configuration, the risk is higher in parallel lines, 13 
since the lateral clearance is lower compared with a single line. It is even higher when the 14 
overtaking maneuver is flying, which is usually performed at higher speeds and lower lateral 15 
clearance. 16 

The subjective risk perception increases with higher speed and lower lateral clearance, 17 
being higher at the rear positions. Overtaking in which lateral distance is lower than 1.5 m are 18 
perceived as the riskiest. These results provide scientific recommendations to enhance safety for 19 
cyclists groups, and to integrate cycling with vehicular traffic on two-lane rural roads. 20 
 21 

22 
 23 

24 



   
 

 
 

 1 
2 
3 
4 
5 
6 

 7 
8 
9 

10 
11 
12 

 13 
 14 

15 
16 
17 
18 
19 
20 

 21 
22 
23 
24 

 25 
26 
27 
28 
29 
30 
31 
32 
33 
34 

 35 
36 
37 

 38 
39 
40 
41 
42 

 43 
44 
45 
46 
47 



   
 

 
 

1 
2 
3 
4 

 5 
6 
7 
8 

 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 

 22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

 32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 

 46 
47 



   
 

 
 

1 
2 
3 

 4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

 16 
 17 

 18 
19 
20 
21 
22 

 23 
 24 

 Lateral clearance and relative speed between motorized vehicles and cyclists can be used 25 
as surrogate measures to study the objective risk of overtaking maneuvers. 26 

 Overtaking lateral clearance depends on the group configuration. 27 
 Subjective risk perception is different depending on the position in which cyclists is riding 28 

within the group. 29 
 Lateral clearance and overtaking vehicle speed influence the subjective risk 30 

perception. 31 
 Overtaking strategy type (flying or accelerative) performed by the drivers depends on the 32 

.  33 
 Flying maneuvers are perceived riskier for cyclists in both group configurations. 34 
 C is different when driver is overtaking in flying or in accelerative 35 

manner. 36 
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[Insert here Figure 1] 18 
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 Relative Vehicle Speed (Vr): relative speed between the overtaking vehicle and the 45 

bicycle/s. 46 
 Bicycle speed (Vb). 47 
 Vehicle Speed (Speed): Vr + Vb. 48 



   
 

 
 

 Lateral Spacing (Ls): distance between the center of the bicycle and the body of the motor 1 
vehicle collected by the laser. 2 

 Lateral Clearance (Lat_Clearance):  3 
 Lat_Clearance for heavy vehicles: Ls- half handlebar width (0.15 m) 4 
 Lat_Clearance for other vehicles: Ls - half handlebar width (0.15 m) - vehicle 5 

side mirror width (0.12 m). 6 
7 
8 

 9 
 The overtaking maneuver type (flying vs. accelerative), being flying defined as the 10 

maneuver in which the overtaking vehicle does not accelerate during the maneuver keeping 11 
the same speed; and accelerative as the maneuver in which the overtaking vehicle reduces 12 
its speed and follows the cyclist before overtaking.  13 

 The opposite lane occupation (total, partial, no occupation), being total when cars 14 
overtake using the opposite lane during the entire maneuver; partial if cars use both lanes 15 
to overtakes (at the begin or at the end); or no when cars do not use the opposite lane to 16 
perform the maneuver. In Spain, cyclist can be overtaken even when center line is 17 
continuous (no-passing zone).    18 

 Subjective risk perception registered for the ten cyclists (from P1 to P10) with 5 19 
possible values for every maneuver (1 - very low risk perception; 2- low risk perception; 3 20 
- medium risk perception; 4 - high risk perception; 5 - very high risk perception). 21 
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TABLE 1. Description of the overtaking maneuvers characteristics. 1 
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 13 
 SRisk_front_SF= max subjective risk level (P1 and P2); SRisk_front_PL = max subjective 14 

risk level (P1, P2 and P3). 15 
 SRisk rear_SF= max subjective risk level (P10 and P9); SRisk_rear_PL = max subjective 16 

risk level (P10, P9 and P7). 17 
 18 

[Insert here Figure 2] 19 
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TABLE 2. Descriptive statistics of speed and lateral clearance in flying vs. accelerative overtaking 29 
maneuver 30 

Variables 
SF PL 

Accelerative Flying Accelerative Flying 
Mean (SD) Mean (SD) Mean (SD) Mean (SD) 

Speed (km/h)        
Speed_Beg (km/h) 50.68 (9.52) 68.36 (17.56) 50.60 (7.87) 66.17 (16.83) 
Speed_End  54.83 (6.86) 65.99 (11.24) 54.52 (6.66) 65.93 (10.43) 
Lateral clearance (m)        
Lat_Clearance_Beg 2.19 (0.58) 2.08 (0.54) 1.89 (0.53) 1.93 (0.55) 
Lat_Clearance_End 2.40 (0.44) 2.16 (0.53) 2.26 (0.43) 2.00 (0.63) 
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[Insert here Figure 3] 13 
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 3 
Figure 2. Subjective risk perception by configuration, from 1 (very safe) to 5 (very risky). 4 
Figure 3. Analysis of the subjective risk perception of group configuration vs. type of 5 
maneuvers. 6 
Figure 4. Box plot of the overtaking speed and lateral clearance among subjective risk 7 

perception levels. 8 

Figure 5. Means and 95% LSD intervals for the ratio of overtaking speed and lateral 9 

clearance among the different risk perception levels. 10 
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