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Influence of Road Surface Microtexture on Thin Wadigm
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Cete of Lyon, Department Laboratory of Lyon, Biergnce

ABSTRACT: This paper deals with the contition of road surface microtexture to t
relationship between tire/road friction and watepth. The main objectives are the estimation
of local water depths trapped at the tire/roadrfatee and the definition of a critical water
depth which can be used for driver assistance @fiodnnation systems. Tests are performed in
laboratory. Specimens are slabs made of asphatire@nand mosaics composed of coarse
aggregates. The aggregate mosaics are sandblastchulate different microtexture levels.
Friction is measured by the Dynamic Friction Te42¥T) machine at various speeds ranging
between 20km/h and 80km/h. Microtexture profiles measured by laser sensors. It was found
that the friction-water depth curves have an ine3sshape and present an initial constant-
friction part before decreasing to a minimum vallibe critical water depth, defined as the
water depth above which the friction coefficientlapses significantly, is determined from
observed friction-water depth curves. Thicknesghefwater film trapped between the surface
aggregate summits and device measuring pad/tiagl iszestimated from contact models using
surface texture profiles. The order of magnituderatmrates values found in the literature.
Relationship between the local water depth, takitgaccount the tire/road contact conditions,
and the global one, as measured by most sensorpresented. Influence of surface
microtexture is discussed in terms of exerted jpresto break through the water film.

1 INTRODUCTION

for example showed that the water acts as a lufitri@ad reduces the fraction of the tire/road
contact area where friction forces are generatedpl@e this widely accepted explanation, few
works have dealt with the relationship between weder depth and the tire/road friction,
mostly when the water film is very thin (< 1mm).ilsituation occurs after rainfalls or during
drizzles where the road surface has a damp aspedqtravides a safety feeling. Delanne et al.
(2006) showed that the speed adaptation on “just mads is not enough compared with the
friction loss due to water. This incompatibilitymains why accident records are generally high
after rainfalls. The tire/road friction loss on danmoad surfaces is sometime referred to as
“viscoplaning” in order to emphasize the viscoug@fof thin water depths.

Moore (1975) also explained that only the roadatefmicrotexture (surface asperities less
than 0.2 mm in height and 0.5 mm in width) is cdpaif mitigating the viscoplaning. This
author said that both asperity height and shapeimapertant: the asperity height prevents
asperity summits to be masked by the water filmemehs the asperity sharpness provides
enough pressure to break through the water filnesfures exerted by known geometrical
shapes like spheres or cones are provided. Watekn#sses of tenth to hundredth of
millimeter are mentioned.

Works by Moore (1975) or other authors like Savk{®#90) have highlighted the role of
road surface microtexture. However, more knowledg&ill needed regarding the influence of



microtexture on thin water film traction. WithingHrame of the European project SKIDSAFE
(7" Framework Program) dedicated to the modellingrefroad friction, Ifsttar has initiated a
research aiming at developing a model predictiegatimset of visco- and hydroplaning from the
knowledge of road materials, tire characteristiod tire/road contact conditions (speed, wheel
slip, water depth, etc.). The work presented is gdper is part of the Ph.D. of the first author
focusing on the viscoplaning aspect. It is compaddtiree parts:
- inthe first part, friction tests at different watiepths are presented,;
- in the second part, the shape of the friction-wdepth plot is presented. Definition
of a critical water depth is derived,;
- in the third part, the influence of microtexture looth the friction-water depth plot
and the critical water depth is analyzed.

2 FRICTION TESTS
2.1 Friction devices

Friction tests are performed in laboratory by meafnthe Dynamic Friction Tester (DFT). The
machine is composed of a measuring unit (Fig. ) ancontrol unit. The measuring unit
consists of a horizontal fly wheel and disc whick driven by a motor. Three rubber sliders are
attached to the disc by leaf springs. They areseb®n the test surface by the weight of the
device and are loaded to 11.8 N each.

water su‘p;ﬁly
pipe

- ruBBér slider

Figure 1. DFT machine.

2.2 Specimens

Specimens are 520 mm x 375 mm x 30 mm slabs. Fals are produced in laboratory: a very
thin asphalt concrete (VTAC) 0/6 (the numbers iathcthe size range, in millimeter, of coarse
aggregates); a semi-coarse asphalt concrete (SGBCR sand asphalt and a mosaic composed
of river coarse aggregates. Moreover, to studyeffect of surface microtexture, the aggregate
mosaic is sandblasted using 590um corundum partidesimulate a microtextured surface.
Actually, the sandblasting roughens the aggregatiace and, by consequent, modifies only
the surface microtexture. VTAC and SCAC are repregive of asphalt formulations used for
main and secondary roads in France. The mosaicadery placing coarse aggregates in a
mold (Fig. 2a) then covering the bottom with sand eesin.
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Figure 2. Laboratory specimens (a: coarse aggregasaic; b: asphalt slab).

2.3 Test procedure

The wetted surface is a circle of 345 mm of diametegved in a plastic plate affixed to the
specimen slab (Figure 2b). To avoid water from flayfrom the test area, the edge of the
circle is filled with a sealant, and the slab ive®d, except on its upper face, by a waterproof
sheet.

A spray is used to wet the surface. The amountatémsprayed on the test surface is known
by weighing the spray before and after each frictioeasurement. Dividing the volume of
water by the wetted area, an average water deptibeaalculated. This water depth is called
the “initial equivalent water depth” as it is thedkness of the water film before the friction test
is performed. This wetting protocol enables thalgtof very thin water depths (few tenths of
millimeters) for which no current sensor can measur

For each friction test, new sliders are used taenthat slider wear does not affect results.
The test surface is leveled and free of any comtaticin. The DFT is placed above the slab
using visual markers to ensure that it is alwage@ll at the same location. Compared with the
ASTM standard (2009), the test procedure is madliftestudy the influence of water depth on
friction coefficient. Actually, the machine is pmagnmed to run tests with no water from the
supply unit; water is added uniquely by the sprsfger a first measurement performed on a
perfectly dry surface, the following proceduregpeated 12 times:

- wetting of the slab surface by nine spraying$ @ of water in total);
- friction measurement;
- weighing of the spray.
At the end of the procedure, test using the stahpiaocedure for the DFT is performed.

3 FRICTION/WATER DEPTH RELATIONSHIP
3.1 Shape of the friction/water depth curve

Example of friction/water depth plot is shown iretfigure 3. The friction coefficient obtained
by applying the ASTM standard (2009) is also shd@datted line). It can be observed a three-
phase variation:

- in phase 1, friction decreases from the “dry” vaioia stable level;

- in phase 2, friction decreases rapidly;

- in phase 3, friction stabilizes at a “residual’dév
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Figure 3. Variation of friction coefficient versuster depth.

The observed shape is different from that foungri@vious works where an exponential
variation of friction with water depth is preseni@kith 1983, Kulakowski & Harwood 1990).
The difference between figure 3 and published testdn be attributed to the water quantity
sprayed on the dry test surface to obtain the ¥kt state. If too much water is sprayed, the
transition from “dry” to “wet” can be missed. Figui3 also shows that the DFT friction
coefficient measured by the ASTM procedure reprisstre lowest friction value that can be
expected.

A mathematical model was developed to fit the shapéhe friction/water depth curve
derived from our experiments:

)
_hJ
u=Aule "0/ +pp (1)

where u = friction coefficient; h = water depth; #tfinal friction coefficient;,Au = difference
between p(0) (1 at h = 0) and jand Rk, a = constants.

The model (1) is similar to that proposed by Kulakki & Harwood (1990) but can simulate
other shapes than the exponential one. Actualty=fl, an exponential variation can be found.
Fora # 1, other shapes can be found. The continuousHifigure 3 shows how the model (1)
fits experimental data.

3.2 Critical water depth

In the context of warning or driver assistance agt voads, people look for a critical water
depth, which can be measured or estimated in ireal above which something must be done.
Based on the shape of the friction/water depth euitvappears that the most critical phase is
the transition from phase 1 to phase 2, whereidrictan drop drastically even if the road
surface still displays an apparent “safe” aspect.

Dividing the friction/water depth curve into thr@arts corresponding respectively to the
three variation phases, each part of the fricti@ewdepth curve can be linearized as shown in
the figure 4: a horizontal line to represent phasighe decrease from the dry state value is
neglected), a sloped line to represent phase 2agaith a horizontal line to represent phase 3.
The critical water depth is then defined as the wmhof water obtained at the intersection
between phases 1 and 2 lines (arrow in figure #®mRhis point, a small additional amount of
water is sufficient to degrade significantly théction coefficient. Within the frame of our
experiments, critical water depths lower than 1 mere found (0,28 mm in figure 4). Such



critical water depths can also determine the orfetiscoplaning as discussed in the
introduction.
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Figure 4. Definition of critical water depth.

4 INFLUENCE OF THE SURFACE MICROTEXTURE
4.1 Microtexture and friction/water depth curve

The influence of the surface microtexture can sessed by comparison of results obtained
from the aggregate mosaic respectively before et sandblasting. Indeed, river aggregates
are naturally smooth; they are roughened by sastibtp Any difference between before- and
after-sandblasting mosaics can then be attribatélalet aggregate microtexture.

Figure 5 shows that when the surface is dry, thesamobefore sandblasting (called
“smooth”) exhibits higher friction value than thansiblasted one. This is due to the fact that
dry friction depends on available contact area,ctvhig larger on smooth surfaces. However,
the friction coefficient of the smooth mosaic drappidly as soon as the surface is wetted. In
contrast, the sandblasted mosaic displays a mabéestariation of the friction coefficient until
a water depth of 0.3 mm is reached. Also, it casd®n that, even if both surfaces experience
friction decrease with water depth, the sandblastede is always above the smooth curve.
These observations corroborate those made by ME®#&5) on smooth and roughened
spheres. The progress made in the present studgtisbservations are now made on surfaces
composed of actual aggregates and an order of toagnof the critical water depth can be
derived.
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Figure 5. Influence of surface microtexture ontfan/water depth curve.

Figure 5 clearly highlights the role of the surfawierotexture to mitigate the risk of a brutal
degradation of wet pavement skid-resistance whaéntaining a high friction level. When the
surface is wetted, asperities, mainly sharp ones,needed to squeeze out the water film.
Otherwise, as it happened with the smooth mosaateny even at very thin thicknesses, can
penetrate very quickly in the tire/road contactamed causes contact loss between the tire and
the road.

The above explanation is satisfactory at a qualgatevel. Quantitative information is
however needed to understand how the geometry afotexture asperities contribute to the
water evacuation and the friction generation. Visasservations would be the best first step
towards this understanding. However, no currentesyscan “see” what is happening at an
asperity summit; modeling constitutes then a gotidrreative. In the following sections,
attempts are made to model the friction forces gad between a rubber pad (representing a
tire tread pad) sliding on a microtexture profildile this profile is masked progressively by

water.

4.2 Modeling of the contribution of microtexture

The model considers a rubber slider moving ovemansetrical asperity with an anglet &t the
summit (Fig. 6). Considering the equilibrium of thikder on respectively the ascending and
descending faces of the asperity, the followingriaiae can be written (Do 2004):

F,a(cosa +pgsina) @

F.. =

xa sina — g cosa

Fy = F,q(ug sina —cosa) -

X sina + g cosa

Fea tF +Ugsin ina -

H:F—X= xa * Fxd =hC'OSO( HposSina 1_h)u.OSI o —cosu @
F F sina — g COsx sina + g cosa

h :i )
I:Z

where k, F, = horizontal and vertical forces respectively;, F~q = components of Jfon

ascending and descending faces respectively;Fm = components of JFon ascending and
descending faces respectively; u = friction coédfit; Zx = angle at the asperity summit; h =
factor defining the distribution of,Fon the asperity; andy|£ friction coefficient encountered



by the slider on the asperity ascending and desugridces (we assume both faces have the
same friction coefficient).

sliding direction
—

ascending__,. F descending
face ~— face

Figure 6. Rubber slider moving over a symmetricplegity.

The “h” factor is equal to 0.5 if the slider is gi@ (symmetrical deformation). For rubber,
for which the viscoelastic behavior creates an asgtrical deformation, h depends on its
properties; a value of h = 0.83 was adopted inZD@4) and is used for the present study.

Microtexture profiles are measured on the mosagreggates by means of laser sensor. Pro-
files are sampled every 0.01 mm. Example of measpirefile is shown in figure 7. For the two
mosaics, values of the height root-mean-square (RISo known as Rin surface roughness
language) are 6.9 um and 17.9 um for respectitelysmooth and sandblasted mosaics.

Profile summits and valleys are first detectedespectively local maxima and minima. Each
asperity composed of a summit and its two neigbéeys is then considered and tleegnhgle
calculated.

The influence of water is reflected through the kivas of the asperity summits and, by con-
sequence, the friction force. Actually, the angléaken into account in formulae (2)(3)(4) is
the average of angles determined for all profile asperities. As thospeagies are progres-
sively submerged by water, it is thought that tesuitinga value should be water-depth de-
pendent (only asperities “seen” by the slider aken into consideration). The masking mecha-
nism is quite simple at this stage: the water fdmepresented by a horizontal line (dotted line
in figure 7) moving upward as the water thicknegseases. The water depth is the height dif-
ference between the dotted line and the zero Vitdgh also represents the mean profile line;
the water depth represented in figure 7 is 15 pne Mean profile line also represents the ag-
gregate summit where microtexture profiles are nness

Friction force calculation takes into account thetfthat, as the water depth increases, the
vertical force is supported by both the water f{lwhere asperities are submerged) and the pro-
file asperities. This consideration prevents ttet faat, as the number of asperities seen by the
rubber slider decreases, friction force can be abalby high if the whole vertical force is sup-
ported only by the few remaining asperities. Thetiin coefficient |4 is often considered as
the adhesion — bonding — component of friction. IKwen & Meyer (1966) said that adhesion
can also be considered as the micro-hysteresisorndation — component of friction. The “mi-
cro” term can be interpreted as what cannot be. se®the microtexture profiles are sampled
every 0.01 mm, we assume that ngpresents friction forces generated by aspergiaaller
than 10 um in width. Previous studies (Do 2004 wsftbthat the contribution of asperities less
than 10 um is roughly independent of the aggregateotexture; a common value of 0.3 was
found and is adopted ag for the present study.

To summarize, the model calculates friction forfresn an indicator of microtexture sharp-
ness (angle), and the masking effect due to water takes intmant microtexture height.
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Figure 7. Example of microtexture profile and ithagion of the masking effect of water.

The variation of friction coefficient with water pih as predicted by the model is shown in
figure 8. The order of magnitude of water depthmigch lower (ten times less) than that ob-
served in previous graphs (Figs 3, 5). It shoulshbked that the water depth of figures 3 and 5
(initial equivalent water depth, see 2.3) is duevater poured on the surface before friction
measurements, whereas the water depth of figusee dié to water trapped between the tire
tread and the road surface asperity summits. Aaogitd many authors (Moore 1975, Savkoor

1990), the thickness of the trapped water film lparjust a few microns.
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Figure 8. Predicted friction/water depth curve.

The curves in figure 8 confirms the observation entdm figure 5: i) the sandblasted mo-
saic shows a friction/water depth variation moragbkt than the smooth mosaic, and ii) the

sandblasted-mosaic curve is above the smooth-mosaie.




From theoretical results, we can explain the ola@ms in figure 5 as following:

- the role of microtexture asperity height explaihe friction/water depth variation.
During phase 1 (see 3.1 for definition), a statagation reflects the fact that asper-
ity heights are enough to maintain the frictiondlerevious papers (Savkoor 1990,
Schipper 1990) mentioned that the profile RMS goad indicator to assess the be-
ginning of the delubrication process. Reportingessive values of RMS of smooth
and sandblasted mosaics in figure 8, it can be swdnthey are located roughly at
the transition between phase 2 and phase 3. Knothiitgphase 3 is referred to as
“hydrodynamic lubrication” regime (Schipper 199@here two solids (the tire and
the road surface in the present study) previouslgontact are separated by a con-
tinuous lubricant film, our observation corrobogathose made in previous works on
other types of contact.

- for microtexture asperities not submerged by theemtiim, their sharpness helps to
generate friction forces. There is a state wheeentlmber of asperities is not high
enough and friction coefficient starts to collapthés location was used to define the
critical water depth (3.2).

The short theoretical study conducted does nohéhtat this stage, to reproduce experimen
tal observations (even if it constitutes the vdrgtfstage towards this objective). However, it
helps us better understand how microtexture camei to thin film traction. Literature is
abounded with explanations about the role of méttire descriptors like their height, shape
and density. Our study has made some progressdwirgh quantitatively the respective roles
of microtexture height and shape on the way frictiaries with water depth.

5 CONCLUSIONS

In this study, we are focused on the relationshépwken tire/wet road friction and road
wetness. Thin water films (< 1 mm) are of intefestause of the damp aspect that conveys a
safety feeling to drivers and induces accidentdokatory tests are performed. Friction is
measured for different water quantities poured hun test surface. Equivalent water depth is
derived from the poured water volume. The frictiaiter depth plot shows a three-phase
variation: 1) the friction coefficient remains atexel near the dry-surface one, then it collapses
at the so-called critical water depth before reagha residual level. Comparison between
surfaces with similar macrotexture shows the ingore of microtexture to maintain the phase
1 as long as possible and to preserve an acceptatiien level when the water depth
increases. A simple friction model was used tolgster understanding about the influence of
microtexture: it shows that microtexture heighhécessary to prevent (or mitigate) friction to
collapse, whereas microtexture sharpness helpsrergte friction forces.
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