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material of low bulk density ranging between 0.01 and 0.3
t/m> in sufficient quantity to improve the acoustic perfor-
mance thereof.
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, specifications
Water resistance Results NF EN 13108-2
Duriez R (MPa) 47
NFP 98-251-1 R (MPa) 38
/R 082 >08
ITSR ITS air (kPa) 595
NF EN 12697-12 |ITSwater(kPa) 475
ITSR 80% >75%
Traffic resistance | Rutting gp°C
Mechanical stability | 3000 cycles  88% <20%

Fig. 3
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BITUMINOUS COATING WITH GREAT
ACOUSTIC PERFORMANCE

[0001] The present invention relates to a bituminous coat-
ing with improved acoustic performance intended to be inte-
grated within a wearing course or a road surfacing.

[0002] The invention is thus in the technical field of public
works and more particularly in the field of road construction.
[0003] A bituminous coating is a mixture of aggregates
(loose chippings, materials from recycling, sand and filler)
and a binder of bituminous origin, synthetic or plant derived,
with additives or not. Typically and in a non restrictive man-
ner, the sufficient quantity of binder, to obtain 1 to 15 parts by
weight of residual bitumen, is mixed with 85 to 99 parts by
weight of aggregate (considering their dry weight). There
exists, as a function of the composition and particularly that
of the granular skeleton, continuous or discontinuous coat-
ings, thick, thin, very thin or even ultra-thin, open (or instead
draining or porous), grainy, semi-grainy, dense or semi-
dense, storable or not, etc. well known to those skilled in the
art, generally normalised and described for example in the 2
volume work “Les enrobes bitumineux”, edited jointly by the
French Road Industry Association (USIRF) and the Revue
Generale des Routes and Aevodromes (Paris, 2001). Addi-
tives may be added either to the binder, or to the aggregate, or
to the coating. Additive is taken to mean products of polymer
type, waxes of plant or petrochemical origin, adhesion doping
agents. These coatings may be used hot (130° C. to 180° C.),
warm (110° C. 10 130° C.), semi-warm (80° C. 1o 110° C.), or
even cold (T<80° C.).

[0004] In the case of the method known as “hot mix”, the
aggregates are heated in devices known as “dryers” in order to
dry them, thereby enabling a good adhesion of the bitumen to
the aggregate. The bitumen is also heated, to temperatures of
the order of 160° C., in order to lower the viscosity thereofand
to enable good coating of the aggregates. The coating thus
formed is then applied hot (typically at more than 140° C.)
onto the roadway then also hot compacted, the initially high
temperature guaranteeing its workability. The material then
hardens as it cools.

[0005] Inmethods known as “cold mix”, the aggregates are
not dried, and are mixed as such, in other words with their
natural humidity and at ambient temperature. The bitumen
then comes in various forms, the most common being that of
a bitumen emulsion which thus makes it possible to have anot
very viscous product and thus workable at ambient tempera-
ture. The emulsion is sometimes slightly heated to tempera-
tures of the order of 50° C. Another means, of still little
developed use but growing, consists in foaming the hot bitu-
men (typically 160° C.) in contact with a little water injected
directly into the bitumen according to suitable methods, and
then mixing this foam with humid aggregates. Additives may
be added to the bitumen and/or to the injected water to modify
the properties of the foam, particularly its stability and its
volume.

[0006] Methods known as “warm” or “semi-warm”, and
the name of which is sometimes different to that proposed
here (semi-hot, etc.) but which those skilled in the art will
know how to recognise in a non equivocal manner, consist
either in slightly heating the aggregate, but not enough to dry
it completely, or in drying it at temperatures just above 100°
C. Several methods exist, the binder also being able to be
added in the same forms as for cold bituminous mixes (bitu-
men emulsion or foam). Also, and in particular when the
objective is to reduce the temperature of manufacture and use
of hot bituminous mixes, in order to limit the emission of
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smoke, it can necessitate the use of additives or original
methods in order to ensure that the coating maintains a level
of' workability compatible with its use at temperatures below
those normally used.

[0007] Aggregate is taken to mean materials of various
origins, among which aggregates from quarries or gravel pits,
products from recycling such as aggregates derived from the
milling of old coatings, manufacturing rejects, materials
coming from the recycling of building materials (demolition
concrete, etc.), slags, schists, artificial aggregates of any ori-
gin and deriving for example from clinker from household
waste incineration (CHWI), as well as mixtures thereof in all
proportions. These aggregates can be dry or humid. The par-
ticle size of the aggregates is chosen in therange 0/D,, .., D,,, ..
being the maximum diameter of the aggregate as defined
according to the XP P 18-540 standard and ranging in general
from 4 to 31.5 mm.

[0008] Aggregates of small dimension, i.e. from 0 to 4 mm,
are called sand.
[0009] Mineral fines or “filler” are taken to mean any min-

eral or siliceous filler, having a dimension less than 80 um,
advantageously passing through a square mesh sieve with
0.063 mm sides. The fines may be natural fines or added fines,
for example limestone fines (calcium carbonate), cement or
hydrated lime, or recovered.

[0010] Binder is taken to mean a hydrocarbon binder,
advantageously of fossil origin, or any binder of plant or
synthetic origin that may be used for forming coating,
asphalt, mastic, membrane. Advantageously, it is a pure bitu-
men, of any composition containing bitumen and if appropri-
ate one or more additives and/or one or more emulsifiers
and/or one or more viscosifiers and/or one or more fluxes
and/or one or more plastifiers and/or any other additive mak-
ing it possible to adjust the properties thereof, such as for
example the adhesivity. By way of example, bitumens, bitu-
mens modified with elastomers and plastomers, bitumen
emulsions and bitumen foam may be cited.

[0011] This bituminous binder may be in liquid form or in
the form of an emulsion or a foam. Advantageously, in the
case of the manufacture of cold mix bituminous coatings, the
bituminous binder is in the form of an emulsion or a foam.
[0012] Additive is taken to mean any product added to the
binder and/or the final product, coating, asphalts, mastics,
membranes.

[0013] These additives are employed for mechanical pur-
poses, copolymer of ethylene (such as EVA, EBA, polyeth-
ylene, polypropylene), SBS, SB cross-linked or not, poly-
mers in general.

[0014] For adhesion purposes, adhesivity doping agents,
for example emulsifiers derived from polyamines, are used.
[0015] Within the context of lowering the manufacturing
and use temperatures, the additives employed are for example
natural oils chemically treated or not, zeolites, paraffin.
[0016] Additives can also be used for aesthetic purposes,
change of colour of the final products, by the use of pigment,
natural or not, such as iron oxide for example.

[0017] The circulation of vehicles on a roadway leads to
sound nuisances. These nuisances, generally designated tyre
road noise or TRN, may be important depending on the posi-
tion of the roadways in relation to inhabited areas, urban or
out of town roads for example, as a function of the flow, the
composition and the speed of the traffic, expressway or heavy
goods roads for example.

[0018] There exists a need for reduction of the sound nui-
sances attributable to the circulation of vehicles on the wear-
ing course of roadways. This reduction may be obtained by an
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action on the production of noise at the wheel/roadway con-
tact level and/or by the use of a surfacing having a high noise
absorption capacity.

[0019] The capacity of a wearing course to reduce the
sound nuisances brought about by the tyre road noise (TRN)
of vehicles is a parameter that depends, among other things,
on the nature of the wearing course, traffic conditions, meteo-
rological conditions and which diminishes over time follow-
ing the evolution of the nature of the wearing course under the
effect of traffic and/or climatic cycles.

[0020] Studies on tyre road noise (TRN) have shown that
this depends to a large extent on the texture of the roadway
and the acoustic absorption capacity of the wearing course.
[0021] Certain authors (“Les enrobes bitumineux”, volume
1, USIRF, 2003 summary report of the OFROU on low noise
road surfaces, article of the LCPC congress INFRA 2001 on
noise limiting road surfaces) have shown that the important
criteria of the wearing course to increase its acoustic absorp-
tion capacities are the particle size and the void content.
[0022] Particle size is taken to mean the maximum size of
the aggregates used in the bituminous coating. An optimal
particle size for the reduction of TRN is between 4 and 6 mm.

[0023] Void content is taken to mean the volumetric per-
centage of voids between the coating elements. An optimal
void content for the reduction of the TRN ranges between 18
and 25%.

[0024] These parameters are targeted by almost all of the
existing techniques.

[0025] The present invention is based on these parameters,
but the inventors have observed that the acoustic absorption is
further enhanced by the addition of low density material,
advantageously exfoliated vermiculite or expanded perlite.

[0026] The objective is to form a wearing course reducing
the noise nuisances brought about by tyre road noise (TRN)
and which is resistant to road traffic and climatic variations.

[0027] The above aims are reached according to the inven-
tion by a bituminous coating comprising a sufficient quantity
of exfoliated vermiculite to improve its acoustic properties.
The bituminous coating according to the invention makes it
possible to form a wearing course that has a large noise
nuisance reduction capacity.

[0028] In a surprising manner, the inventors have in fact
observed that the addition of exfoliated vermiculite (0.6% by
weight) to a 0/6 mm draining type coating base makes it
possible to attain a frequency of absorption of the vibration of
90 Hz (in the impact stress and frequency analysis test used by
the research centre—cf. example 3), i.e. a LAmax measure-
ment ranging between 69 dB(A) and 70 dB(A) (see FIG. 2),
i.e. a gain ranging between 2 and 3 dB(A) vis-a-vis conven-
tional acoustic coatings.

[0029] Moreover, the inventors have shown that this bitu-
minous concrete has traffic resistance complying with the
standard relative to this type of coating, i.e. 8.8% of rutting
after 3000 cycles for a specification <20%.

[0030] The object of the present invention is thus a bitumi-
nous coating comprising a mineral and/or organic material of
low bulk density ranging between 0.01 and 0.3 t/m> in suffi-
cient quantity to improve its acoustic performance.

[0031] Advantageously, the material of low density ranging
between 0.01 and 0.3 t/m> is an expanded natural rock not
soluble in water, even partially.

[0032] Advantageously, the expanded natural rock not
soluble in water, even partially, is exfoliated vermiculite.
[0033] Expanded perlite is excluded from the scope of the
invention because it is partially soluble in water.
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[0034] Exfoliated vermiculite is available commercially.
Vermiculite is derived from a mineral of the family of micas
by heat treatment.

[0035] Preferably, the expanded natural rock not soluble in
water, even partially, has a particle size ranging between 0 and
14 mm.

[0036] The organic material of oil or plant origin of low
bulk density ranging between 0.01 and 0.3 t/m> may be pref-
erentially an expanded organic material. Advantageously, it
represents a solid expanded foam, for example an expanded
Ethylene Propylene Diene Monomer (EPDM) type foam or
an expanded polystyrene.

[0037] Advantageously, the aggregates according to the
invention comprise aggregates of small size. According to a
preferred embodiment of the invention, the aggregates of
bituminous coating according to the invention have a particle
size ranging between 2 and 8 mm, preferably between 4 and
6 mm.

[0038] In an advantageous manner, the coating according
to the invention comprises from 3 to 12%, preferably from 4
to 7% by weight of binder compared to the weight of aggre-
gates.

[0039] As shown in FIG. 1, the mineral and/or organic
material of low bulk density ranging between 0.01 and 0.3
t/m> fills in part the voids of the granular skeleton of the
bituminous coating according to the invention.

[0040] Advantageously, the quantity of mineral and/or
organic material of low bulk density ranging between 0.01
and 0.3 t/m> makes it possible to fill a volume ranging
between 1 and 30% of voids, advantageously 10% of voids.
[0041] According to a particular embodiment of the inven-
tion, the bituminous coating according to the invention thus
has a void content ranging between 10 and 30%, advanta-
geously between 15 and 25%, in a particularly preferred
manner between 18 and 20% of its total volume.

[0042] Advantageously, the quantity of mineral and/or
organic material of low bulk density ranging between 0.01
and 0.3 t/m> ranges between 0.2 and 5%, preferably 0.5 and
1%, in a particularly preferred manner 0.6 and 0.8% weight/
weight compared to the total weight of bituminous coating.

[0043] Advantageously, the bituminous coating according
to the invention has a void content ranging between 18 and
25%.

[0044] Advantageously, the aggregates of the bituminous
coating according to the invention are compliant for use in
wearing courses according to the standards in force.

[0045] Advantageously, the bituminous binder of the coat-
ing according to the invention is chosen from road bitumens,
pure bitumens, bitumens modified by elastomers or plas-
tomers, bitumens with additives.

[0046] Advantageously, the binder of the bituminous coat-
ing according to the invention is modified or not by elas-
tomers or plastomers and/or comprises an adhesivity doping
agent.

[0047] Preferably, the bituminous coating according to the
invention is a bituminous concrete, in particular of VIBC
type (very thin bituminous concrete) of class 1 or 2 according
to the NF EN 13108-2 standard.

[0048] According to a preferred embodiment of the inven-
tion, the bituminous coating according to the invention com-
prises:

[0049] between around 70 and around 95% of 4/6 mm
aggregates,

[0050] between around O and around 30% of 0/2 mm
aggregates,

[0051] between around 0 and around 5% of filler,

[0052] between around 4 and around 7% of bitumen,
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[0053] between around 0.2 and around 1% of vermicu-
lite.
[0054] Preferably, the bituminous coating according to the

invention comprises:

[0055] around 82.3% of 4/6 mm aggregates,
[0056] around 9.5% of 0/2 mm aggregates,
[0057] around 2.8% of limestone filler,
[0058] around 4.8% of modified bitumen,
[0059] around 0.6% of exfoliated vermiculite.
[0060] According to a preferred embodiment of the inven-

tion, the bituminous coating according to the invention com-
prises:

[0061] between around 70 and around 80% of 4/6 mm
aggregates,

[0062] between around O and around 30% of 0/2 mm
aggregates,

[0063] between around 0 and around 5% of filler,

[0064] between around 4 and around 7% of bitumen,

[0065] between around 0.2 and around 1% of an organic

additive of density <0.3 t/m>.

[0066] Preferably, the bituminous coating according to the
invention comprises:

[0067] around 73.4% of 4/6 mm aggregates,
[0068] around 18.8% of 0/2 mm aggregates,
[0069] around 2% of limestone filler,
[0070] around 5.2% of 35/50 bitumen,
[0071] around 0.6% of an organic additive of density
<0.3 t/m°.
[0072] Another object of the invention relates to the use of

a bituminous coating according to the invention for the manu-
facture of a wearing course with improved acoustic perfor-
mance.

[0073] Another object of the invention relates to a wearing
course with improved acoustic performance characterised in
that it comprises a bituminous coating according to the inven-
tion.

[0074] Another object of the invention relates to the use of
a mineral and/or organic material of low bulk density ranging
between 0.01 and 0.3 t/m>, preferably an expanded natural
rock not soluble in water, even partially, in a bituminous
coating intended for the preparation of a wearing course.

[0075] Of a material of low bulk density ranging between
0.01 and 0.3 t/m> chosen from and/or an organic material.

[0076] Within the scope of the invention, the inventor
reserves the possibility of adjusting the content of materials of
low density in the cited road products, in order to obtain
sufficient acoustic performance.

[0077] The present invention will be better understood with
reference to the figures and the following examples.

[0078] FIG. 1: macrotexture of the bituminous coating
according to the invention. (I) coated aggregates. (2)
expanded natural rock. (3) voids.

[0079] FIG. 2: graph representing the LAmax (NF S
31-119-2) on the worksite as a function of the frequency
measured in the test carried out by the research centre.

[0080] FIG. 3: table of NF EN 13108-2 specifications
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EXAMPLES
Example 1

Formation of a Bituminous Coating According to the
Invention Comprising an Expanded Natural Rock not

Soluble in Water

[0081] The composition of the tested coating (F1) is the
following:

4/6 mm Moreau chippings 82.3%

0/2 mm Moreau chippings 9.5%

Filler 2.8%

Modified bitumen 4.8%

Vermiculite SF 0.6%

Void content 20.4%
[0082] The formula is a 0/6 mm draining type coating, the

theoretical density of this formulais 2.234 T/m>, the vermicu-
lite (0.09 T/m>) considerably lightens the coating, the dosage
at 0.6%, i.e. 6 kg per tonne of coating, corresponds to a
volume of 66 litres per tonne of coating.

Example 2

Formation of a Conventional Bituminous Coating
(Comparative Test)

[0083] Inorderto establishacomparison and to confirm the
effect of the addition of material of low density (vermiculite),
the follow composition (F2) was also tested:

4/6 mm Moreau chippings 74.2%
0/2 mm Moreau chippings 19%
Filler 1.9%
Modified bitumen 4.9%
Void content 21%

This composition corresponds to a conventional acoustic
coating.

Example 3

Method of Measuring the Acoustic Gain of a Bitumi-
nous Coating According to the Invention

[0084] The inventors use for the measurement of the acous-
tic absorption a test based on the impact stress of a test sample
of coating and frequential analysis of the wave after passing
through the coating. After the impact, a vibratory signal is
recovered which links the amplitude of the signal as a func-
tion of the vibration frequencies. The range of frequencies
scanned extends from 20 to 2000 Hz. The frequency retained
to represent the acoustic quality of the surfacing is that cor-
responding to the first maximum amplitude of the signal. A
graph (FIG. 2) shows the relation between this measured
frequency and the measured performance at LAmax (NF S
31-119-2) on the worksite. The LAmax is a normalised test,
used by French Buildings and Highways, which has a
national data base at its disposal.

[0085] There exists a classification of coatings established
according to the LAmax NF S 31-119-2 tests of December
2000. This normalised method consists in an acoustic mea-
surement on the passage of a controlled vehicle CM. The
standard imposes all sorts of parameters: type of vehicle,
speed. FIG. 2 shows the LAmax marking of three types of
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coatings. The LAmax result is expressed in dB(A) (acoustic
dB). For information, the threshold at which roadside resi-
dents are bothered is 65 dB(A).

Example 4

Test of the Acoustic Gain of a Bituminous Coating
According to the Invention

[0086] The frequency measured with the formula of
Example 1 is 90 Hz, which makes it possible to obtain an
LAmax measurement ranging between 69 dB(A) and 70 dB
(A) (see FIG. 2)), i.e. a gain ranging between 2 and 3 dB(A)
vis-a-vis the formula of Example 2.

[0087] The traffic resistance measured at the CRM of the
coating developed according to the invention meets the speci-
fications of the NF EN 13108-2 standard relative to very thin
layers (VTL)), with regard to all of the conventional mechani-
cal tests (see table FIG. 3).

Example 5

Formation of a Bituminous Coating According to the
Invention Comprising an Organic Material

[0088]
ing:

The coating composition tested (F3) is the follow-

4/6 mm Moreau chippings 73.4%
0/2 mm Moreau chippings 18.8%
Filler 2%
Bitumen 35/50 5.2%
Organic additive d < 0.3 t/m? 0.6%

As studied according to examples 3 and 4, the frequency
measured in the acoustic absorption test is 82 Hz, which
leads, according to FIG. 2, to a LAmax measurement of 69
dB(A), i.e. -3 dB(A) vis-a-vis the reference composition,
example 2.

Example 5
Mechanical Performance of the Composition F3

[0089]

Tests Results Specifications

Duriez NF EN 12697-12

Cp, (kPa) 7236

Cyr (kPa) 5634

1/C (%) 78% >75%
Rutting NF EN 12697-22

% rutting 3000 cycles 5.1% <20%
% test sample voids 18.2 16-22%
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1. Bituminous coating comprising a material of low bulk
density ranging between 0.01 and 0.3 t/m> chosen selected
from an expanded natural rock not soluble in water, even
partially, an organic material, and combinations thereof, in
sufficient quantity to improve the acoustic performance
thereof.

2. Bituminous coating according to claim 1, wherein the
expanded natural rock not soluble in water, even partially, is
exfoliated vermiculite, and the organic material is expanded
EPDM.

3. Bituminous coating according to claim 1, wherein the
quantity of material of low bulk density ranges between 0.2
and 5% compared to the total weight of bituminous coating.

4. Bituminous coating according to claim 1, wherein the
quantity of material of low bulk density has a particle size
ranging between 0 and 14 mm.

5. Bituminous coating according to claim 1, comprising:

about 82.3% of 4/6 mm aggregates,

about 9.5% of 0/2 mm aggregates,

about 2.8% of limestone filler,

about 4.8% of modified bitumen,

about 0.6% of exfoliated vermiculite.

6. Bituminous coating according to claim 1, comprising:

about 73.4% of 4/6 mm aggregates,

about 18.8% of 0/2 mm aggregates,

about 2% of limestone filler,

about 5.2% of 35/50 bitumen,

about 0.6% of an organic additive of density <0.3 t/m°.

7. Method of making of a wearing course, comprising
mixing a material of low bulk density ranging between 0.01
and 0.3 t/m> selected from an expanded natural rock not
soluble in water, even partially, an organic material, and com-
binations thereof, to form a bituminous coating suitable for
the manufacture of a wearing course with improved acoustic
performance.

8. Wearing course with improved acoustic performance
comprising a bituminous coating according to claim 1.

9. A method of road surfacing, comprising applying a
wearing course to a roadway, wherein the wearing course
comprises a material of low bulk density ranging between
0.01 and 0.3 t/m> selected from an expanded natural rock not
soluble in water, even partially, an organic material, and com-
binations thereof, in sufficient quantity to improve the acous-
tic performance of the roadway.

10. Bituminous coating according to claim 3, wherein the
quantity of material of low bulk density ranges between 0.5
and 1% compared to the total weight of bituminous coating.

11. Bituminous coating according to claim 10, wherein the
quantity of material of low bulk density ranges between 0.6
and 0.8% compared to the total weight of bituminous coating.
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