Modelling the bitumen scour effect: enhancement of a dynamic friction model to predict the skid resistance of rubber upon asphalt pavement surfaces subjected to wear by traffic polishing
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Abstract

This paper explores the prediction of whole-life cycle skid resistance for asphalt. When asphalt surfaces are newly laid, the microtexture of the aggregates is masked by a film of bitumen binder that tends to lower skid resistance during the early life of a pavement. However, as it is subjected to traffic polishing,  the skid resistance of a newly laid pavement starts increasing as a consequence of the scouring of the bitumen binder film, which gradually reveals the microtexture. Once fully exposed, the microtexture is progressively polished by the traffic tending to cause a decrease in skid resistance and leading to  pavements becoming more slippery again in the long term.
To take into account the early life masking of the microtexture of an asphalt surface, a coefficient or “weight factor” is introduced to a Dynamic Friction Model (DFM) previously developed to predict the skid resistance of rubber moving upon a rough surface. To validate the modified model, mosaic and asphalt samples are prepared utilizing different aggregates and submitted to controlled laboratory polishing, to simulate both the wear of surface texture and  scour of the bitumen film under traffic.  The specimens’ surface textures are recorded at different stages of polishing, and contact friction measurements taken using a Wehner-Schulze machine. These experimentally obtained values are compared with the fiction coefficients calculated with the modified model. The results illustrate comparable friction coefficients (more than 85% of the model simulations produced results with accurate ±2% of the experimental measures) ,and accordingly demonstrate the robustness of the enhanced model to account for the initial  presence of the bitumen binder film, in the evaluation of skid resistance for asphalt pavement surfaces.
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Introduction

The skid resistance offered by a road relates to the friction forces generated at the tyre/road surface interface. Many characteristics influence the value: the micro and macrotexture of a road surface, the presence of contaminant and/or pollutant at the tyre/road interface, and surface temperature. [1-5]. Skid resistance evolves continuously under traffic polishing;  with the traffic first removing the initial binder film and then progressively polishing the microtexture of the aggregates (Figure 1) [6-13]. The curve of Figure 2 portrays the typical evolution of  skid resistance under increasing passes of traffic [6,8]. Tourenq et al. [12] demonstrated that aggregates containing minerals with different harnesses, have higher long-term polishing resistances than mono-mineral aggregates.


Figure 1 : The interdependencies of traffic/texture/skid resistance evolution.
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	Figure 2 : Evolution of skid resistance expressed by the “friction coefficient” with traffic simulated by the number of polishing passes [8].


For newly laid asphalt pavements, the microtexture of the aggregates located within the pavement top surface layer are masked by a film of bitumen binder. Microtexture is one of the main factors governing the skid resistance of roads. In wet conditions, it is the aggregate microtexture that penetrates the film of water, to promote direct tyre/road contact and develop the adhesion that provides friction. During the early life of asphalt surfacing, when the microtexture is not fully exposed, skid resistance may be very low and can subject  vehicles using  new roads to “bituplanning”. This phenomenon has been fully investigated in the last decade in the UK by Roe and by Woodward [15-16].
Upon opening to road traffic, the skid resistance of an asphalt surface initially increases due to the gradual scouring away of the film of bitumen binder to reveal the microtexture of the aggregates [7, 8, and 10]. Following this phase, the revealed microtexture is gradually polished by the traffic, typically causing skid resistance to decrease once again and leading to pavements become more slippery in the long term. . 

The previous work undertaken to understand the phenomenon of the evolution of skid resistance, to our knowledge, has not yet led to the development of a physical model capable of predicting the full life cycle of skid resistance for asphalt surfacing, including the stages of polishing of the microtexture and the scouring of the initial bitumen film. This   paper furthers previous cited contributions by proposing such a physical friction model to predict the state of skid resistance of asphalt surfaces. The model predicts the evolution of skid resistance for asphalt surfaces,  from the point of construction,  accounting for  the polished state of surface texture and the state of stripping of the initial bitumen binder film.       
Kane et al. [9] previously proposed a model to predict the effect of traffic polishing on road surface texture following a prolonged period of use. This model considered the number of polishing passes, operational conditions during the polishing process and the wear characteristics of the aggregates. Despite some simplifications to establish the wear law , the model showed nevertheless that it was possible to predict the final texture of road surfaces after a long period of traffic polishing. The model is suitable to predict the evolution of the texture, of road surfaces subjected to traffic polishing, but does translate texture to a  calculation of the related skid resistance. 
However, recently, the same authors provided another contribution relating the texture of roads to their skid resistance [1, 2]. The model, termed the ‘Dynamic Friction Model (DFM)’, uses a mixed-contact modelling approach to predicted the friction generated, at the interface of a dynamic contact, between a viscoelastic rubber and a rough surface. Although this model is well suited to evaluate the skid resistance of asphalt surfaces in the long term, it is still not capable of predicting early life skid resistance. The model fails to taken into account within its prediction, the influence of the masking of the microtexture of a new asphalt surface by a film of bitumen binder, and the subsequent scouring of the same. 
The new contribution proposed in this paper explores the enhancement of the DFM  model to predict the life cycle of skid resistance for asphalt surfacing from the opening of a highway to resurfacing; but excluding the seasonal variation effect. The idea is to introduce a “weight factor” in the model formulation, to take into account the fraction of the road surface occupied by the initial film of bitumen binder [7, 8, 10, 16].
Revisiting the DFM
The equations governing the DFM are derived by balancing the forces applied in the contact between a rubber pad moving upon a rough surface (Equation 1) [1]. Both the rubber pad and the surface profile are discretized into independent elements (Figure 5). The width of each element is chosen to match the horizontal resolution of the texture profile. During the sliding of the rubber on the surface, the force-balance equates to:
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                                Equation 1
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	Figure 5 : Forces acting in the contact between a rubber element and a rough surface profile.


Where:

· [image: image7.png]


 is the force applied by the rubber element on the road surface. Its formulation depends on the rheological behavior considered for the rubber elements. In the present work, it is calculated using a “Kelvin-Voigt” model, where K is the spring’s elastic modulus per unit length and C is the dashpot’s viscosity per unit length. [image: image9.png]


 is balanced by the load through the contact pressure [image: image11.png]Pij



 (See Equation 2). 
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  with  [image: image15.png]pii(8) = Kuy(0) + €240



  and [image: image17.png]u;;(t) = 8() — h; +7



 
Where, t representing the time and uij[image: image19.png]


 the displacement of the rubber ith element contacting jth element on the pavement at time t. δ[image: image21.png]


 is the solid (or global) displacement of the pad at time t. hi represents the discretized h(x) at the ith point representing then the pad geometry. zj is the height of the jth point of the pavement surface. 

· [image: image23.png]


 is the traction force needed to move the element. This force must be just greater than the global friction force opposing that movement ([image: image25.png]


 where [image: image27.png]FF..
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 is the friction force). [image: image29.png]


 is the surface reaction force. [image: image31.png]FR
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 is a local friction force. [image: image33.png]FR;j = Woc Rij



 when the element is moving on that “pseudo smooth inclined plan” where [image: image35.png]Hioc



 represents a local friction coefficient (adhesive or local hysteretic) [1, 3, 12].
The projection of Equation 1 local contact coordinates onto global contact axes x and z coupled with the condition that [image: image37.png]FR; R;
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 leads to:
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     Equation 2
When an element is not in contact with the pavement surface, its contact pressure is nil and the element is subjected to a relaxation phase. Its position on the z axis is determined by solving:
[image: image41.png]-zul,(t)
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     Equation 3
At any time t, and irrespective of the location of the pad on the profile, the normal contact pressure must balance the total load [image: image43.png]


applied. on the pad:
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     Equation 4
Where N is the number of discrete elements composing the rubber pad. Thus, the global friction coefficient [image: image47.png]i (6)



then can be calculated using the following formula:
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     Equation 5
And the averaged global friction coefficient [image: image51.png]Hav



 for each pavement profile is calculated by averaging the friction coefficient [image: image53.png]i (6)



at any time:
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     Equation 6
Where, M is the number of elements of the discretized pavement profile. At this stage, the only unknown factor is [image: image57.png]Fi;(t)



 representing the contact forces applied by the rubber elements on the road surface. To obtain the calculation details for the dynamic viscoelastic contact forces, the reader is referrer to publications [1].
Furthermore, depending on the operating conditions of a pavement a hydrodynamic pressure may be generated in water trapped between the rubber pad and the pavement surface. This hydrodynamic pressure exerts a force to lift up the rubber from the pavement, and thereby decreases the penetration depth of pavement asperities into the rubber elements, reducing the hysteretic contribution to the tire-rubber/pavement skid resistance. 
The DFM models this behaviour by converting the wet portion of the rubber contact area into a “pseudo” hydrodynamic bearing with an equivalent continuous lubricant film. This is achieved by first assuming that  the inlet lubricant thickness [image: image59.png]


is equivalent to the water depth. Second, the outlet lubricant thickness [image: image61.png]H oyt



 is set to maintain the same water volume as the calculated volume of water that is trapped in the wet valleys of the rough contact model, taking the viscoelastic deformation of the rubber into account. With this equivalent configuration, the hydrodynamic load can then be computed as:
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  Equation 7
Where, [image: image65.png]


, with [image: image67.png]H oyt



 and [image: image69.png]


respectively the outlet and inlet water thicknesses of the “pseudo” bearing. [image: image71.png]


  is the water viscosity. L and l are the length and the width of the bearing .α and β are two emperical coefficients (105 and 1.75 respectivly) added to modify the analytical expression of the hydrodynamic load capacity of a classical bearing (equal to 1 in the case of a classical bearing), to calculate the load of the “pseudo” bearing. For the detailed calculation, the reader is invited to refer to publication [1]. 

Introducing the “weight factor” 

In previous investigations aimed at understanding the evolution of skid resistance for road surfaces due to traffic polishing, Do et al. proposed a simple empirical model, composed of two elementary friction functions, which predicts the two phases of skid-resistance evolution - aggregate polishing and binder removal (refer to Figure 2) [7, 8, 10, 15]. These two friction functions were assigned to represent the bitumen and the aggregate contributions to skid resistance. The “bitumen friction” represented the friction coefficient provided by binder-enveloped aggregates, and the “aggregate friction” relates to the petrology of the aggregates and represented the friction provided by unmasked aggregates. To assign a relative weight to these two functions contribution during the polishing process, the authors introduced a factor “d” termed the “weight factor” representing the percentage of the surface occupied by the non masked aggregates:
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      Equation 8
Where, d varies from 0 to 1 and depends on the number of polishing passes N. NB  is related to the couple bitumen/aggregate types and corresponds to the number of polishing cycles when the initial bitumen film is completely removed from the asphalt surface. 
The “weight factor” is reused in the work presented in this paper, to take account of the change of local friction [image: image74.png]Hioc



arising due the masking of aggregate microtexture by the bitumen binder during the preliminary stages of an asphalt pavements life.  The introduction of this coefficient is achieved simply by changing only Equation 2 as following: 
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    Equation 9
All the other equations and the calculation processes described remain unaltered. 
Experimental program
Polishing procedure and Friction measurements
All friction measurements and polishing tests of the specimens were performed using the Wehner-Schulze machine (WS-machine) refer to Figure 6. This machine is in the center of a new test to determine  “Friction After Polishing” (FAP) following a new European standard CSN EN 12697-49. This Standard describes the test method to determine the friction at 60 km/h, after polishing for a fixed number of passes, for the surface of bituminous mixtures samples. The samples used can be produced either in a laboratory or be in-situ cores taken from a field site. The machine contains two stations one for performing the polishing and another for measuring friction [7]. 
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	Figure 6: Wehner-Schulze machine.


The polishing station contains three rubber cones mounted on a rotary disc which roll upon the specimen surface with a given load. To accelerate the polishing process, a mix of 5% quartz powder (< 0.06mm) in 95% water is sprinkled during the rotations of the cones on the specimen. The surface is polished in a ring. The machine can be programmed to stop after a given number of rotations. Immediately after each stop, water is projected on the specimen surface and a further 500 rotations are performed with the cones to wash away all residue and debris.
After the washing period, the specimen is moved manually to the skid resistance measuring station. This station is composed of three small rubber pads each with an area of 4 cm²,   fixed at 120° on a rotary disc. The contact load between the rubber pads and the specimen surface is approximately 0.15 N/mm². For the friction measurement, the rotary disc is spun with a motor until a speed of 100 km/h is reached at its circumference. When the disc speed reaches 90 km/h, water is projected onto the surface of the specimen. At 100 km/h the motor is stopped and the rotating disc is dropped, so that the rubber pads make contact with the specimen surface. The rotation of the disc is then stopped by the friction generated between the rubber pads and the specimen surface; and the friction–time curve is recorded. The friction value at 60 km/h from this curve is considered for the analyses.

Texture measurements 

The polishing process is momentarily stopped at 1000 passes, 90000 passes and 180000 passes to record the texture of the asphalts specimen with a profilometer from STIL® named “Micromesure” (refer to Figure 7 Left and Figure 8). The “Micromesure” system operates utilizing the principles of confocal microscopy and is equipped with a laser to scan the surface without contact. The measured area is located inside the polished ring. The topography is composed of 15 parallel profiles, 76 mm long, spaced at 0.5 mm and sampled every 0.01 mm (Figure 7 - Right). In order to monitor the texture evolution, profile measurements are done always at the same location on the specimen surface.  
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	Figure 7 : Left: Profilometer, Right: Example of recorded topography
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	Figure 8 : Example showing how the profile evolves against polishing. These profiles are from one of the studied surface specimens (Limestone mosaic, see following sections) at different polishing stage (0 cycle: the top profile – black colored, 90000 cycles: the middle profile – red colored, 180000 cycles: the bottom profile – blue colored). 


Specimens
Six types of aggregates characterized by their Polished Stone Value
 (PSV - see Table 1) were used in the study (Rhyolite, Splitite, Gabbro, Diorite, Leptynite and Limestone). For each aggregate type, two types of circular specimen with a  diameter of 22.5 cm were  prepared: a mosaic of aggregates and an asphalt mix.
Table 1:  Aggregate characteristics

	Type
	Rhyolite
	Spilite 
	Gabbro
	Diorite
	Leptynite
	Limestone

	PSV
	56
	53
	51
	50
	49
	41


The mosaic specimens were prepared using the 7.2-10 mm aggregate size fraction. The mosaics were made by manually placing the aggregates in a single layer as closely as possible together in a mould., The flattest faces of the aggregates were orientate to lie on the bottom of a mould and then once complete the mould was filled with a resin [7, 8] (Figure 9 - Right). 

The asphalt specimens, were produced from  asphalt concrete (AC 0/10) with STURELF®
 11-40 bitumen. Table 2 displays the aggregate particle-size distribution. The asphalt was mixed and then compacted into 300 x 300 x 50 mm3 slabs using a laboratory roller compactor. Cores were then taken from the slabs (Figure 9 - Left). 

Table 2:  Aggregate particle-size distribution
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	Figure 9 : Example of the specimens used in this study. Left –  core extracted from an asphalt slab; Right - mosaics of aggregates. 




Results 
The scheme in the Figure 8 illustrates the different combinations of the sequences of polishing, friction measurement, texture characterization and model simulation applied to all the specimens of the undertaken study. 
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	Figure 8: The different sequences of alternating polishing, friction measurement, texture characterization and model simulation applied to all the specimens.


For the input parameters of the model, NB is taken equal to 7000 [15] and µloc is taken equal to 0.145. The speed V is 60 km/h which correspond to the speed at which the friction is recorded during the experiments. The table below displays the other input parameters for the simulations (Table 2).  

Table 2: Other inputs parameters of the simulations

	K
	C
	Dx
	W
	h
	l
	L
	Hin
	[image: image85.png]




	spring’s elastic modulus N/m3
	dashpot’s viscosity

N.s/m3
	Special scale of the calculations
Mm
	applied load on the rubber

N
	thickness of the rubber

mm
	width of the rubber
mm
	length of the rubber

mm
	Water thickness

mm
	Dynamic viscosity

Pa.s

	2. 108
	106
	0.01 x 50
	56
	4
	15
	30
	10-3
	10-3


Figures 10 to 15 illustrate the experimental and model results for the asphalt and mosaic samples for each type of aggregate. The curves express the friction verses polishing results showing the evolution of the friction coefficient (vertical axis) against the number of polishing passes (horizontal axis) for both the model and the experiments. The pictures underneath are  images of a small 1 cm² area of the surface of the specimens before and after polishing.
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Figure 10 : Up - Friction against polishing. Comparison between experiments (dots with diamond shape and connected with lines – blue colored) and model (dots with round shape – red colored) of the two types of specimens (mosaic and asphalt) made with the Rhyolite aggregate. Down – photos of a small part (1 cm²) of the specimens (mosaic and asphalt) before and after polishing.
For the mosaic and asphalt sample made with the Rhyolite aggregates, the enhanced DFM model produces very comparable results with the experiments at all stages of polishing (except for the asphalt before polishing). This aggregate displays the highest PSV of the group and thus keeps the highest skid resistance of the aggregates studied in the long-term after polishing. The picture of the asphalt surface before polishing shows a surface completely covered by the bitumen binder film, this explains the low experimental skid resistance value, but this is overestimated by the model. Despite this, the introduction of the “weight factor” allows the model to reproduce well the increasing phase of the asphalt skid resistance which occurs during its early life. The experimental long-term skid resistances of the mosaic and asphalt are roughly equivalent and this is also well predicted by the model.   
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Figure 11 : Up - Friction against polishing. Comparison between experiments (dots with diamond shape and connected with lines – blue colored) and model (dots with round shape – red colored) of the two types of specimens (mosaic and asphalt) made with the Split aggregate. Down – photos of a small part (1 cm²) of the specimens (mosaic and asphalt) before and after polishing.

For the mosaic and asphalt sample made with the Split aggregates, the model produces very comparable results with the experiments at all cycles of polishing (except for the asphalt before polishing). The aggregate displays the second highest PSV of the group but does not keep the second highest value of skid resistance in the long-term after polishing for its mosaic specimen. The experimental long-term skid resistances of the mosaic and asphalt sample display different behaviors and this is well predict by the model. The introduction of the “weight factor” allows the model to reproduce well the increasing phase of the asphalt skid resistance which occurs during  its early life.  
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Figure 14 : Up - Friction against polishing. Comparison between experiments (dots with diamond shape and connected with lines – blue colored) and model (dots with round shape – red colored) of the two types of specimens (mosaic and asphalt) made with the Gabbro aggregate. Down – photos of a small part (1 cm²) of the specimens (mosaic and asphalt) before and after polishing.

For the mosaic and asphalt sample made with the Gabbro aggregates, the model overestimates the skid resistance systematically after the early life phase, even though the introduction of the “weigh factor” allows the model to reproduce the increasing phase of the asphalt skid resistance which occurs at a young age. Currently, at this stage of our knowledge, nothing allows us to explain the differences between the results of the model and the results arising from the experiments.
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Figure 12 : Up - Up - Friction against polishing. Comparison between experiments (dots with diamond shape and connected with lines – blue colored) and model (dots with round shape – red colored) of the two types of specimens (mosaic and asphalt) made with the Diorite aggregate. Down – photos of a small part (1 cm²) of the specimens (mosaic and asphalt) before and after polishing.

For the mosaic and asphalt sample made with the Diorite aggregates, the model produces very comparable results with the experiments at all stages of polishing. The aggregate displays medium PSV in comparison with the rest of the group of aggregates tested and keeps a long-term skid resistance after polishing in accordance with its PSV. Furthermore, the introduction of the “weight factor” allows the model to reproduce well the increasing part of the asphalt skid resistance which occurs during its early life. The experimental long-term skid resistances of the mosaic and asphalt are roughly equivalent and are also well predict by the model.
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Figure 13 : Up - Up - Friction against polishing. Comparison between experiments (dots with diamond shape and connected with lines – blue colored) and model (dots with round shape – red colored) of the two types of specimens (mosaic and asphalt) made with the Leptynite aggregate. Down – photos of a small part (1 cm²) of the specimens (mosaic and asphalt) before and after polishing.

For both mosaic and asphalt sample made with the Leptynite aggregates, the model predicts very comparable results with the experiments at all cycles of polishing (except the second value of the asphalt). The aggregate displays medium PSV as the Diorite in comparison with the rest of the group, and maintains a long-term skid resistance after polishing in accordance with its PSV. Furthermore, like the other aggregates, the introduction of the “weight factor” allows the model to reproduce well the increasing part of the asphalt skid resistance which occurs at its early life. The experimental long-term skid resistances of the mosaic and asphalt are roughly equivalent and are also well predict by the model.
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Figure 15 : Up - Friction against polishing. Comparison between experiments (dots with diamond shape and connected with lines – blue colored) and model (dots with round shape – red colored) of the two types of specimens (mosaic and asphalt) made with the Limestone aggregate. Down – photos of a small part (1 cm²) of the specimens (mosaic and asphalt) before and after polishing.

For the Limestone mosaic sample, the model reproduces well the skid resistance values at all polishing stages. However, for the Limestone asphalt sample, the model often overestimates the skid resistance. Even the introduction of the “weight factor” does not enable the enhanced DFM to reproduce the phase of increasing the skid resistance for the asphalt which occurs during its early life.  The poor predictions of the model for the Limestone asphalt at 90 000 and 180 000 cycles are must probably be explained by the presence of bitumen on the surfaces even after the polishing process (refer to pictures of the sample reproduced as part of Figure 15). Indeed, the model uses the characterized texture profiles capture during polishing to calculate the friction; this texture considered as rigid by the model, is not rigid in reality because of the present bitumen. A means to correct this may be changing the value of NB for the aggregate and/or bitumen types that determines when the bitumen is totally stripped from the surface. 

Discussion

Whatever the types of aggregate and specimen (whether mosaic or asphalt) the enhanced DFM model predicts very comparable results with those obtain experimentally from the Wehner Schultz machine at all cycles of polishing; except for the Gabbro mosaic and asphalt sample and Limestone asphalt sample. 
For the mosaics samples, whatever the type of aggregate, the evolution of friction against the number of polishing cycles shows a continuous decrease for the experimental results, more or less pronounced depending to the type of aggregate. This decrease is well reproduced by the model. This is in perfect line with the pictures of mosaics that display smoother surfaces after polishing (See figure 15, the pics of the Limestone moisac). This behaviour is also confirmed by the smooth of the profiles after polishing (See Figure 8, showing the Limestone mosaic profiles at different stage of polishing). 
For asphalts, whatever the type of aggregate, the model once again reproduces very well the experimental results except the Limestone and Gabbro (asphalts) at 90 000 and 180 000 cycles. The introduction of the “weight factor” allows the model to take into account the presence of bitumen on the surfaces at young age. The low value of friction for asphalts at young age is confirmed by the pictures before polishing where surfaces totally covered by bitumen are displayed (Rhyolite and Split asphalts – Figures 10 and 11). 
The mediocre predictions of the model for the Limestone and Gabbro asphalts at 90 000 and 180 000 cycles may probably be explained by the presence of bitumen on the surfaces even after the polishing process. Indeed, the model uses the recorded profiles to calculate the friction; this texture considered as rigid is not in reality because of the present bitumen. A means to correct this may be changing the value of NB relative to the aggregate and/or bitumen types that determines when (at what polishing stage) the bitumen is totally scoured from the surface. 
At this stage, it would be interesting to combine this modified DFM with the texture evolution model quoted in the introduction [9]. The combination of these two models will enable the prediction of how this skid resistance of the asphalt surfaces will evolve in time according to the traffic loading. One of the possible applications would be the design of new artificial materials for pavement wearing courses according to the future traffic loading with allowing complete control of the future evolution of their skid resistance. 
Conclusion

This work investigated the possibility to predict the whole-life cycle skid resistance of asphalt surfacing. To take into account the masking of the aggregate microtexture by a film of bitumen during the early life of an asphalt pavement, a “weight factor” is introduced to the Dynamic Friction Model. To validate the new configuration of the model, mosaics and asphalts sample were  prepared with different aggregates and submitted to polishing by a Wehner Schultze machine. The friction and the texture of each specimen was measured at different stage of polishing. The fiction coefficients have been calculated with the enhanced DFM model and compared to the experimental friction measurements:
1) Whatever the type of specimen whether mosaic or asphalt, the model predicts generally very comparable results with the experimentally obtained data at all cycles of polishing. 
2) For mosaics, whatever the type of aggregates, the evolution of friction against the number of polishing cycles show a continuous decrease for the experimental results, which is more or less pronounced depending to the type of aggregate. This decrease is  also well reproduced by the enhance DFM model. 
3) For asphalts samples, whatever the type of aggregates, the model once again reproduces very well the experimental results. The introduction of the “Weight Factor” allows the enhanced DFM model to take into account the presence of bitumen on the surfaces of aggregates of the asphalt samples which occurs during the early phase of its life . 
4) The mediocre predictions of the enhanced DFM model for the Limestone and Gabbro asphalts at 90 000 and 180 000 cycles may most probably be explained by the presence of bitumen on the aggregate surfaces even after the polishing process. 
5) A way to further enhance the model would be to combine it with the model developed to predict the texture evolution model by ? [?]. This combination will allow enable how the skid resistance of asphalt surfacing will evolve over time according to the future traffic levels to be more precisely predicted. 
6) One of possible applications for this further enhanced and refined model, would be to support the design of the surface texture of new artificial materials for road pavements for a desired given traffic volume, enabling  control of the future evolution of skid resistance. 
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and thus induces the evolution of  pavement skid resistance





The traffic, via the contact between tyres and road,





polishes the texture and removes the initial binder film present on the road surface
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� The Polished Stone Value of aggregate gives a measure of resistance to the polishing action of vehicle tyres under conditions similar to those occurring on the surface of a road. It is measured using a standardised test (BS EN 13043: Aggregates for bituminous mixtures and surface treatments).


� The Styrelf® binder are modified bitumens with elastomeric polymers according to a crosslinking process – From EUROVIA
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