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1. INTRODUCTION

Wet pavement skid resistance - especially at high
speeds - is the road surface characteristic most
relevant to the safety of road users. It is related to the
following factors :

- a harsh microtexture, which rules out the presence
of polishable materials (stones and sand) at the
surface of the pavement;

- a rough macrotexture, which can be obtained by
means of an adequate surface treatment.

For about twenty years, the Belgian Road Research
Centre has been making considerable efforts in order
to improve the skid resistance properties of both
concrete and bituminous pavements. This research
has resulted in developing various surface treatments
which have been included in the specifications for
motorways and national roads (1).

Belgium has a long experience in the field of concrete
pavements. Since 1970, the Ministry of Public Works
has resolutely opted for the technique of continuousiy
reinforced concrete pavements in constructing
motorways with a concrete surfacing. These
pavements are characterized by the absence of
transverse joints. This makes it possible 1o construct
durable pavements requiring virtually no maintenance,
at a cost which is competitive compared to other
types of pavements, using advanced laying
technology. Since 1981, new motorways have all
been constructed with continuously reinforced
concrete; bituminous surfacings being reserved for
pavements in built-up areas (due to problems related
to underground pipes) and for improving existing
roads by thin overlays.

Together with the development of Belgium's large
road and mortorway network, various surface
treatments have been developed in order to improve
the safety and comfort of users, particularly with
respect to wet pavement skid resistance, evenness
and noise.
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Permitted surface treatments for concrete pavements
are transverse brushing, deep tfransverse grooving,
chip-sprinkling, and aggregate exposure (figure 1).

Figure 1 :

Surface treatements for fresh concrete.

Top left : transverse brushing;

top right : deep transverse grooving.
Bottom left : aggregate exposure;
bottom right : chip-sprinkling.

Besides rolling comfort and skid resistance, other
concerns have become increasingly important in
recent years, namely the acoustic environment of the
pavement and rolling resistance.

Research conducted at the Belgian Road Research
Centre has made it possible to highlight texture-
related parameters wich have an influence on rolling
noise. 1t should be noted that noise reduces not only
comfort but also safety by contributing to the fatigue
of the driver, and is likely to reduce his performance.
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2, SURFACE TREATMENTS OF CONCRETE
PAVEMENTS

2.1 Brushing or deep transverse grooving of
fresh concrete

The most widely used surface treatment on concrete
pavements is transverse brushing or deep transverse
grooving. This consists of creating grooves
transversely to the centre line of the road, which are
aimed at draining surface water in rainy weather
conditions and at reducing the thickness of the water
film between the tire and the surface of the pavement,
especially at high speed.

The macrotexture obtained by brushing is finer than
by grooving. This results in lower values for skid
resistance at high speed, surface drainage and
durability than in the case of grooving, but also in
lower rolling noise.

In Belgium, the Road Administration first opted in
1970 for imposing deep transverse grooving in the
specifications for motorways and main roads (2).

The depth of the grooves was about 5 mm and their
spacing was first regular and then randomly varied
between 15.and 30 mm. On top of its easy
application and low cost, the main advantage of this
technique is that it accelerates the surface drainage
of the pavement and hence improves its skid
resistance properties, mainly at high speed.

On the other hand, rolling noise is relatively high and
the durability is closely linked to the intrinsic quality of
the surface mortar. As regards the constituents of the
concrete, the presence of sand or aggregates which
are susceptible to polishing must be prohibited.

Longitudinal grooving is also used in certain
countries; this technique has the advantage of
producing less rolling noise, but on the other hand
reduces the quality of surface drainage and can lead
to difficulties in handling motorcycles.

The objectives of the development of the new surface
freatments described hereafter, i.e. chip-sprinkling
and aggregate exposure, were to overcome the
above-mentioned disadvantages, l.e. reduce the
rolling noise and increase durability, and in the case
of chip-sprinkling, permit use of local aggregates,
even those with low resistance to polishing, in the
bulk of the mix (3).

2.2  Chip-sprinkling of concrete pavements
The sprinkling treatment consists of spreading highly

polish-resistant chippings of a given size on the
surface of a pavement under construction, and then

partly embedding them so as to create a rough
surface macrotexture (4).

The chippings used are usually in the size range of
10 to 14 or 14 to 20 mm, and they are spread at a
rate of 6 to 7 kg/m?. These chippings must meet
strong criteria with respect to their shape, cleanness,
mechanical resistance and Polished Stone Value
(PSV).

Chip-sprinkliing of concrete pavements was developed
in Belgium in the mid-seventies, by analogy with
chipped bituminous concrete. However, this treatment
never went further than the experimental stage,
because of the difficulty of uniformly embedding the
chippings in the fresh concrete. But after development
and improvement, the technique has been applied on
several motorway sections in France since the
beginning of the eighties, namely on the A26
motorway between Reims and Calais (figure 2). Since
1984, the technique has been used there in
combination with a chemically exposed aggregate
finish, which achieves a more homogeneous texture
and hence improves surface performance (5).

Figure 2 :

Construction work site of the A26 motorway in the
North of France : thick slab with chipped surface.

23 Exposed aggregate finish

Concrete aggregate exposure consists of removing
the surface mortar of the concrete in order to expose
its mineral structure. Like transverse grooving this
technique requires hard and polish-resistant
aggregates (P.S.V. 2 0.50). As a result, the technique
can only be applied in regions where sufficient
quantities of such materials are available. This is the
case in Belgium, where there are numerous deposits
of porphyry, gravel and sandstone.
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This activity takes place no sooner than 24 hours
after paving, but according to the above-mentioned
research, it can be postponed up to 72 hours after
paving. If the brushing is carried out before 48 hours,
the surface should be protected by spraying a curing
compound after brushing.

To date, more than 10 million m2 of pavement have
been treated with this technique in Belgium, including
most of the recently constructed motorway surfacings
in continuously reinforced concrete. The technique
has also been used in France since 1985, as well as
in other countries such as the Netheriands and
Austria. In order to minimize the noise level, the
maximum aggregate size in the wearing course has
been reduced to 7 or 8 mm in these other countries.
This has been achieved by using two-layer
constructions with only small-size aggregate in the
upper layer (8).

2.4. Achleved performance

Systematic measurements of surface characteristics
on test roads, as well as research conducted at the
Belgian Road Research Centre in this field, permit the
following conclusions on performance with respect to
safety and comfort :

a) Skid resistance

The various surface treatments described permit
construction of pavements with high and lasting skid
resistance, and meeting the criteria set in
specifications with respect to skid resistance (the
sideway force coefficient measured at 80 km/h and
converted to a standard temperature of 20 °C must
be higher than 0.45 for each 100-metre section).

b) Roughness

Measurements carried out with the Longitudinal
Profile Analyser (APL) do not permit establishment of
a systematic impact of surface treatment on
roughness. It has been noted, however, that for
reasons inherent in the different types of materials
and construction methods, longitudinal roughness at
short spans (shorter than 3 m) and thus rolling
comfort are generally not as good on cement
concrete pavements as on bituminous pavements.

c) Noise

Figure 6 shows how a tire deforms when rolling on
roads in different ranges of profile irregularities.
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Figure 6 :
Sketch showing how a tire deforms when rolling on
different ranges of road profile irregularities.

Three ranges of irregularities are distinguished
according to wavelength as compared to the footprint
length of the tire.

Short-wavelength irregularities cause only small
dynamic deformations : the tire only envelops the
protrusions of the surface. This range of wavelengths
corresponds to macrotexture. It results in providing
small drainage channels for surface water at the
tire/pavement interface, thus enhancing wet pavement
skid resistance. In addition, it attenuates rolling noise
by allowing air to escape from the grooves of the tire
tread. These two functions can also be performed by
vertical drainage, i.e., by an inverted macrotexture
such as is the case with porous asphalt.

At the other end of the scale, long-wavelength
irregularities, i.e., those referred to as roughness, also
do not cause great tire deformations. They act mainly
on the suspension system.

Between those two extremes, there is a critical
wavelength which maximizes dynamic deformations
or, in other words, the vibrations of the tire. This
wavelength is of the order of haif the tire footprint
size. Such irregularities are responsible not only for
tire/road noise but also for extra rolling resistance,
which may lead to an extra fuel consumption of up to
10 %; these effects are usually, but wrongly, ascribed
to macrotexture.







