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• Vulnerable Road Users: 
– Pedestrians, cyclists, 

motorbikers, etc.  

• Cycling on two-lane rural 
roads: 
– Sport and leisure activities 
– 26% of accidents involving 

cyclists 
– 65% of deaths (45 of 69) 
– Overtaking manoeuvres 
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• Overtaking manoeuvre 
 

Introduction 

𝐹𝑦 =
1
2𝜌𝜌𝑉

2𝐶𝑦 

• V: motor vehicle speed 
• S: front surface 
• Cy: separation, etc. 
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• Observation of motor vehicles 
overtaking bicycles: 
– Lateral distance 
– Speed 

• Comparison of objective and 
subjective overtaking risk 

Objectives 



• Data collection 

Method 



• Instrumented bicycle 
Method 



• Equipment 

Method 
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• Roads 

Method 

M
ot

or
 v

eh
ic

le
 la

ne
s 

Sh
ou

ld
er

 
Sh

ou
ld

er
 

A B C D E F G 



• Variables 
 
 
 
 
 
 
 
– Risk perception ranking of locations: 1 (the safest) 

to 5 (the most dangerous)  

Method 

Motor vehicle speed, Vv 

Bicycle speed, Vb 

Lateral clearance, c Lateral spacing, d 



• Hypothesis 

Results 

Subjective risk perception 
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• Risk vs. Lateral distance 

Results 
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• Risk vs. Speed/ Risk vs. %HV 

Results 
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• Aerodynamic forces: 

– Proportional to 𝑽𝒗
𝟐

𝒅
· 𝑭𝑭𝑭𝑭𝑭𝑭𝑭 𝒂𝒂𝒂𝒂 

– Proportional to 𝑽𝒗𝟐 · 𝟑 − 𝒅 · 𝑭𝑭𝑭𝑭𝑭𝒂𝒂 𝒂𝒂𝒂𝒂 

Results 
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• Standards 

Discussion 
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• Standards 

Discussion 

0

500

1000

1500

2000

2500

3000

0 0,5 1 1,5 2 2,5 3

Vv
2·

(3
-d

)·F
ro

nt
al

 a
re

a 
 (m

5/
s2

) 

Lateral spacing (d) (m) 

Truck 
Car 

0

500

1000

1500

2000

2500

3000

0 0,5 1 1,5 2 2,5 3

Vv
2·

(3
-d

)·F
ro

nt
al

 a
re

a 
 (m

5/
s2

) 

Lateral spacing (d) (m) 

P
ro

po
rti

on
al

 to
 a

er
od

yn
am

ic
 fo

rc
e 

d 

Vv 

w
id

th
, 

he
ig

ht
 

Force 



• Relationship between perceived risk and 
aerodynamic forces: 
– 𝑽𝒗𝟐 · 𝟑 − 𝒅 · 𝑭𝑭𝑭𝑭𝑭𝑭𝑭 𝒂𝒂𝒂𝒂 

• Recommendations: 
– Increase lateral separation with speed and %HV 
– Shoulder width = f(speed, %HV) 

 
 

Conclusions and recommendations 



Thanks for your attention 
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