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Purpose of the studyp y
• Increase the knowledge of the effects of road 

design characteristics and the roadsidedesign characteristics and the roadside 
environment on young drivers’ behaviour on two  
lane rural roads by means of a driving simulatorlane rural roads by means of a driving simulator 
study

3/25The Relationship between Road Design and Driving Behaviour, a Simulator Study



Theoretical background
SpeedingSpeeding
• Higher speeds lead to 

increased accidentincreased accident 
probability and 
severityseverity
• On Danish roads 

speed is the main p
cause in 25 – 50 % of 
accidents
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Theoretical background
Young driversYoung drivers
• In Denmark 1/3 of accidents involve young road 

usersusers
• Young drivers represent 10% of the licensed 

driver populationdriver population 
• Main problems:
▫ Risky driving behavioury g
▫ Tendency to overestimate their driving skills
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Theoretical background
Rural roadsRural roads
• Rural roads represent the most dangerous road 

class according to the number of fatalitiesclass according to the number of fatalities
• In Denmark ¾ of fatalities occur on rural roads 
• Accident rate on urban roads is considerably• Accident rate on urban roads is considerably 

higher
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Theoretical background
Rural road design in DenmarkRural road design in Denmark
• Road categorisation

Cross town links▫ Cross – town links
▫ Distributor roads
▫ Local roadsLocal roads
• Self explaining roads
▫ Roads are similar within the category and different g y

between categories
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Theoretical background
Road design characteristicsRoad design characteristics
• Road shoulders

Paved (hard)▫ Paved (hard)
▫ Unpaved (soft)

• Roadside trees
▫ Minimum obstacles – free distance is 2 meters 

from road edge
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Experiment

Performance measures
S d (k /h)• Speed (km/h)
▫ Mean speed
▫ Standard deviation of mean speed▫ Standard deviation of mean speed
• Lateral position (m)
▫ Mean lateral positionMean lateral position 
▫ Standard deviation of lateral position (SDLP)
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Hypotheses
• On curves participants will drive:
▫ more slowly 
▫ closer to the centre line▫ closer to the centre line 
• When road shoulder is present participants will:
▫ drive faster 

d i l t th d d▫ drive closer to the road edge
• When roadside trees are present participants 

will:
▫ drive slower
▫ drive closer to the centre line 
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Chosen road stretch

• Existing road stretch was used
R d t t h h ld• Road stretch should :
▫ be flat
▫ have a speed related problem▫ have a speed related problem
▫ have trees or other obstacles along the road
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• Esrumvej (connecting 
Helsingør and Frederiksværk)

• Middle speed distribution road

• Road stretch Skindersøvej-
Hornbækvej (4300 m)Hornbækvej (4300 m).

• The analysed distance was 
3415 m.
▫ 11 different curves (1990m)
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▫ 11 different curves (1990m) 
▫ 8 straight sections (1425m)



• Most of the accidents (60%) occurred on curvesMost of the accidents (60%) occurred on curves
• Run-off-the-road accidents constituted 73% of 

the total number of accidents
• Three collisions with roadside trees 
• Sharp drop-offs
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• Do not have bicycle  and pedestrian facilities
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Apparatus

• TECHSTS driving simulator of DTU Transport 
was usedwas used
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Road design in simulator
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Procedure

• 21 young drivers participated in the experiment
One of the participants could not complete the▫ One of the participants could not complete the 
experiment due to Simulator Adaptation 
Syndrome y

• Training procedure
• Experimental procedure
▫ Six experimental sessions 
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Existing road Hard shoulders Soft shoulders
Procedure – experimental sessions

Existing road Hard shoulders Soft shoulders
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Results 
shoulder typeshoulder type
• Presence of shoulders influence both driving

d d l t l iti i ifi tlspeed and lateral position significantly

Soft shoulders highest mean speedSoft shoulders highest mean speed

Hard shoulders closer to the road edgeHard shoulders closer to the road edge
and more homogenous
driving
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Results 
shoulder type mean speedshoulder type – mean speed
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Results 
shoulder type mean lateral positionshoulder type – mean lateral position
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Results 
roadside typeroadside type
• Presence of the trees influenced lateral position 

b t t th d i i dbut not the driving speed

No trees along the road closer to the roadNo trees along the road   closer to the road 
edge
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Results 
roadside typeroadside type
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Conclusions
• Road shoulders 
▫ Can not be introduced to reduce increased 

speeds
▫ Hard shoulder might be used to reduce 

f h d lli ioccurrence of head – on collisions
▫ Highest speed on road with soft shoulders 

probably due to weakness of visual cues in theprobably due to weakness of visual cues in the 
simulator; further study is needed
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Conclusions
• Trees along the road
▫ Speed is not influenced significantlyp g y
▫ Participants drove closer to the centre line, 

therefore might reduce probability of run – off –
th d id tthe –road accidents

▫ Have to find balance; further study is needed
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Thank you!Thank you!
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