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Overview
• Introduction

• Experimental set up

• Results and analysis

• Conclusions

Title of the presentation



3

Context
• Water decreases tire/road friction

• Most works on the relationship water depth/tire/road 
friction have been dealing with thick water film (> 1mm) 
(prediction of hydroplaning speed)

• A significant number of accidents occurs when the road 
is drying after rainfalls 
▫ Need to understand and predict the effects of very thin 

water films (< 1 mm)
Effect of thin water film on tire/road friction
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What do we know about 
friction/water depth relationship?

• Kulakowski and Harwood 
(1990)
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Research needs

Effect of thin water film on tire/road friction
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• Friction measuring device

The Dynamic Friction Tester machine 
Effect of thin water film on tire/road friction

Experimental set up (1/3)
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Experimental set up (2/3)
Definitions of water depth Measurement of water depth

• Centerline-average water 
depth

• “Above asperity” water depth

• Initial equivalent water depth

Effect of thin water film on tire/road friction
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Experimental set up (3/3)
• Test specimens

▫ Asphalt concrete

▫ Coarse aggregates 
mosaics

Effect of thin water film on tire/road friction
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Test procedure
• For each friction test:

▫ Wetting of the surface

▫ Friction measurement

▫ Spray weighing

Effect of thin water film on tire/road friction
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Results
• Friction measurement

Effect of thin water film on tire/road friction
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Results
Shape of friction/water depth curve State of art curves

Effect of thin water film on tire/road friction

Mosaic - 20 km/h
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Results
• Modeling of the friction/water depth curve

Effect of thin water film on tire/road friction

Aged VTAC
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Results
Shape of friction/water depth curve Stribeck curves

Effect of thin water film on tire/road friction

Mosaic - 20 km/h
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Results
• Physical definition of a critical water depth 

Effect of thin water film on tire/road friction
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Results
• Influence of test speeds (1/2)

Effect of thin water film on tire/road friction

VTAC
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Results
• Influence of test speeds (2/2)

▫ Evolution of critical water depth with speed
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Results
• Influence of road surface macrotexture 

Effect of thin water film on tire/road friction

Introduction Experimental set up Results Conclusions

Sand-asphalt

SCAC

VTAC

Aged VTAC

40 km/h

R2 = 0.96

0

0.1

0.2

0.3

0.4

0.5

0 0.2 0.4 0.6 0.8 1

Rq (mm)

hc
 (m

m
)



18

Results
• Influence of the surface microtexture 

Effect of thin water film on tire/road friction
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Conclusions
• Development of an experimental set up
▫ Curves similar to the Stribeck curve
 Identifying different lubrication regimes

• Definition of a critical water depth

• Analysis of the influence of factors (vehicle 
speed, surface texture)

Effect of thin water film on tire/road friction
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Thank you!

Contact : yannick.beautru@ifsttar.fr

French institute of science and technology for 
transport, development and networks

Effect of thin water film on tire/road friction


