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ABSTRACT

Within the context of the European Noise Directaetjon plans have been established. Noise reducad)
surfaces are seen as a cost-efficient measureafific thoise abatement. Therefore ten test secticere
installed in May 2012 in Belgium, with the objediwf integrating noise friendly bituminous wearing
courses in the Flemish road surface policy in arlatage. Eight test sections are paved with hdt la
bituminous wearing courses with a thickness of maxn 30 mm and a maximum content of accessible
voids of 18 %. The other two sections consistadable layer porous asphalt (PA) and a stone masgpibalt
(SMA) (reference section). The acoustical qualggessed during measurement campaigns in thewost t
years after construction is discussed in this paptistical Pass-By (SPB) and Close-ProXimity X¢CP
measurements are performed according to ISO 118hBhwertain time intervals to follow up the evtan.
Also other important factors, like durability, eseudied. Resistance to raveling and adhesion tddse
course are critical parameters for the lifetima diiin noise reducing asphalt layer because dfitte void
content and limited thickness. BRRC measured thelirey resistance on test plates made with theasph
mixtures sampled at the construction site. Teralleesion and shear bond tests were performed keddri
cores to measure the adhesion of the wearing ctoutbe base course. Results of these laboratoejing
and adhesion tests are linked to the evolutioniterasd to the evolution of the noise measurenesults.

Keywords: Thin asphalt layer, Road surface, Duitgbil I-INCE Classification of Subjects Number(5}..4

1. INTRODUCTION

The Flemish Agency for Roads and Traffic plannesl ¢bnstruction and follow-up of test sections
consisting of thin noise reducing asphalt layer20a2, mainly to study the acoustical quality, aiso
other characteristics like durability and skid stahce. Measurements are performed in cooperation
with the Belgian Road Research Centre (BRRC). Alsid of the University of Antwerp made some
noise measurements as well in the framework ofn@ster’s thesis (1).

Through a call for tender eight different variamf thin surface layers were selected. As an
evaluation, besides the regular performances, dkid resistance and evenness of the surface, also
acoustical performances are studied.

A suitable location was found on the regional roH® Turnhout-Kasterlee in Belgium, which is a
road with two lanes in each direction. On averaljeua 9340 vehicles pass the test location daily
during working days, of which 16 % are heavy vedésclOn average during the weekend about 7140
vehicles pass daily of which 5 % are heavy vehfcl@sstretch of 2 km long was divided into ten
sections of each 200 m length. Two sections weee @iar the reference surfaces: stone mastic asphalt
with a maximum aggregate size of 10 mm (SMA-10est section 1) and double layer porous asphalt
(2-layer PA on test section 5). The eight remaingsgtions were paved with thin asphalt layers.
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Sections 8 and 9 were paved with the same bitunsimoixture at a different thickness (25 and 30 mm).

Besides checking the acoustical performance thehardcal performance of the sections is also
evaluated. Durability is an important issue, nolydior the lifetime of the pavement, but also foet
evolution of the acoustical quality over time simeseled sections, delaminated zones and potholes
are detrimental. Knowing that asphalt mixturestfin asphalt layers are generally more sensitive to
raveling and delamination than conventional aspmaikttures, the focus in this paper for the
mechanical performance is on raveling and adhetgsts. No tests of mechanical performance were
performed on 2-layer PA as it was constructed asxdra reference for the acoustical quality only.

Chapter two deals with the construction of the sesitions, followed by a short description of all
test methods that were used in this study in chidptee. Next the acoustical quality is investighite
detail in chapter four, texture results are disedsm chapter five, raveling resistance is studied
chapter six and interlayer bonding is explored mamter seven. Chapter eight deals with the visual
inspections of the test sections. In chapter nime telationship between acoustical quality and
durability is investigated further. Finally somenotusions are made.

2. CONSTRUCTION OF THE TEST SECTIONS

The performance characteristics of thin layers lamewn to be very sensitive to the paving
conditions. Adverse weather conditions, inadequat@paction temperatures or poor quality of the
tack coat are some of the parameters that mayussdyi@affect the performance of the pavement. To
make a correct evaluation of the different typessafface layers, it is essential to monitor the
construction and to measure the critical paramedensng and after construction. The performed
infrared measurements showed large variations nmp&Fatures due to the fast cooling of the thin
layers. However, the final density of the thin wiagrcourses, as measured with a nuclear densitomete
is sufficiently uniform within each section. This due to the fact that the compactors followed the
asphalt finisher very closely and compacted therimgacourse in an efficient way.

During the paving of sections 2 and 3 it was ragniAfter the installation of section 3 the paving
was interrupted due to the heavy rainfall. Althowggter pools were removed before continuing with
the paving of section 4, there was still some revimgi moisture on the surface. This remaining
moisture and the faster cooling of the asphaltrfythe construction of sections 2 and 3 in the aan
not ideal working conditions. There were also sgmeblems during the spraying of the tack coat:
some of the nozzles were clogged and thereforéattiecoat locally showed an inhomogeneous aspect.
This can lead to a local debonding of the weariogrse.

3. TEST METHODS
In this chapter the different measurement methaodisthe corresponding equipment are described.

3.1 Acoustical quality
3.1.1 SPB

Standard 1SO 11819-1 (2) describes the SPB or i$ieal Pass By’ method. Following the
standard the speed and the maximum sound presugledf minimum 100 cars and 80 heavy vehicles
are measured. The measurement is performed durgiggassage in front of a microphone which is
installed next to the road surface of which thewstiwal quality has to be assessed. A graph wigh th
maximum sound pressure level in function of thealddnm of the vehicle speed is plotted and the
average value of the maximum sound pressure lsvedlculated at a reference speegidL In this
study the reference speed is 80 km/h and no heakicles are taken into account as too little heavy
traffic passes at the test location. SPB measur&snare performed using both the measuring
equipment of BRRC and of the Flemish Agency for &oband Traffic.

3.1.2 SPB

Standard ISO 11819-2 (3) describes the CPX or “&lBroximity” method. Tyre/pavement noise is
measured by driving over the road surface withaddr. The CPX method differs from the SPB method
as it only takes into account the tyre/pavemens@aaind no other vehicle noise sources. In contary
the SPB method it does not comprise propagatioacefas the measurements are performed very
close to the tyre. The main purpose of the CPX-métis to evaluate the noise production and
homogeneity of the road surface over a certainadist. The CPX trailer of the Flemish Agency for
Roads and Traffic is used in this study. Two tires microphones are mounted close to the tyre/road
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contact in two acoustic isolated chambers which attached to the trailer. Measurements are
performed at reference speed 80 km/h with two déffié: reference tyres, namely Standard Reference
Test Tyre (P1) and Avon AV4 (H1), representative dar and truck tyres respectively. As a result the
noise levels of 20 m road sections and the noigel lef the total test section {},) are obtained.

3.2 Texture

Texture is measured with the dynamical laser poofiéter of BRRC following standard ISO 13473
(4)-(6). The laser combines a high sampling freqye{v8 kHz) with a small diameter of laser
beam (0.2 mm). The laser profilometer has a vdrticeasuring range of 64 mm and consists of a
16-bit system. The vertical resolution ig. Tests for this study were performed at a loweshia the

right wheel track with a step size of 0.2 mm.

3.3 Raveling resistance

The equipment used at BRRC is the Darmstadt Saufdievice (DSD). It is one of the four types of
equipment described in the present version of a teeWwnical specification which is being developed
by Technical committee CEN/TC227/WG1 “Bituminousxiwires” (7).

In this test, a tyre is lowered with a controllextde onto the surface of a test plate (260 mm by
260 mm) while the plate performs a combination mnslations and rotations. This simulates the
mechanical effect of vehicles on the wearing cowben they are accelerating, braking or turning.
The loss of material measured in the test is actlimeasure of the resistance to raveling.

Tests for this study were made at room temperatwuith, a tyre pressure of 300 kPa and a vertical
load of 1000 N. The test plates were compacted RR® with a plate compactor according to
EN 12697-33 (8). The bulk mixtures were sampleectily from the finisher at the time of paving.

3.4 Interlayer bonding

Technical committee CEN/TC227/WG1 “Bituminous misgg” recently proposed a prestandard
prEN 12697-48 (9) in which three different interaybonding tests are considered (Torque and shear
bond tests and a tensile adhesion test). In thidystwo interlayer bonding tests are used: the shea
bond test (SBT) and a tensile adhesion test (TAetbped at BRRC (10) before the appearance of
prEN 12697-48.

The types of equipment and the procedures useisrstudy are described in 3.4.1 and 3.4.2.

3.4.1 Tensile bond strength

BRRC working method MM — MPT — 02.02 (10) descriltes tensile adhesion test. Metal plates
are glued to both sides of the specimens (80 m®@0oyim). These are conditioned and tested at 10 °C
(x1°C).

A tensile load is applied in strain-controlled mag@e5 mm/min) until the specimen fails. Tensile
bond strength is calculated as the average ofdpecimens.

3.4.2 Shear bond strength

Prestandard prEN 12697-48 (9) describes the stmad test (SBT). At BRRC, the specimens are
cores with a diameter of (150 = 2) mm. In casehifi or very thin surface layers, a metal extension
plate is glued to the surface course, to avoid aeé&tion of the surface layer and distribute theashe
load correctly over the interface.

The specimens are conditioned and tested at 20Si@g a Leutner shear test device with a 5-mm
gap between the shearing rings. The test is strairirolled at a rate of (50 £ 2) mm/min.

Repeatability tests at BRRC (11) have shown thratase of surface layers with a thickness less
than 30 mm, six specimens need to be tested taleddécthe arithmetic average shear bond strength.

4. ACOUSTICAL QUALITY

41 SPB

SPB measurement campaigns are performed withirraktime intervals: 1, 11, 15 and 22 months
after construction. The first five test sections«{5b) are measured by BRRC and the last five test
sections (6 — 10) are measured by the Flemish AgésrcRoads and Traffic.

Unfortunately due to some problems with the measerg equipment, not all test sections were
monitored at every measurement campaign. Onlydkalts of the complete measurement campaigns
are shown in Figure 1. The results represent onasorement point per test section. The 95 %
confidence intervals are shown as error bars. $estions 1 (SMA-10) and 5 (2-layer PA) are the
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reference test sections. It was requested to Keepther numbered test sections anonymous. All of
them are thin noise reducing layers. All resultsrehdbeen corrected for temperature using a
temperature correction coefficient of -0.06 dB(A)/and a reference temperature of 20 °C (12).

H 1 month

® 11 months

M 15 months

Lveh,cars [dB{A)]

o gl e g maT e T b e e e Bt Bt Bt
NN OO MW AU

m 22 months

Test sections

Figure 1 — Overview of SPB measurements (Lveh) gangormed 1, 11, 15 and 22 months after constnict

(with temperature correction) with 95 % confideimervals. Reference speed is 80 km/h.

The initial acoustical quality of reference testtsen 1 is surprisingly good for an SMA-10. A
typical SMA-10 is expected to be noisier.

All test sections become more noisy over time, exéer test section 3. Test sections 2 and 7 show
the largest increase ofd, over a period of 22 months, 2.3 and 2.7 dB(A) eesively. Test section 3
shows a tendency for an increased noise reducfithough at the beginning a decrease Qf;lis
noted for reference test section 1, over a perifo22omonths an increase of 0.4 dB(A) is noted. Test
sections 4, 8, 9 and 10 are the most stable in witie 2 maximum increase of d, of 1 dB(A).

Assuming a linear relationship between time ang, the ageing effect is assessed. Reference test
sections 1 and 5 have an increase of 0.03 anddBQ4) per month respectively. Thin layers increase
with 0.03 to 0.16 dB(A) per month, except for théyers 3 and 4. Thin layer 3 seems to decrease with
0.03 dB(A) per month while thin layer 4 remainshext stable over time. This decrease of test section
3 is not in line with the CPX measurement resudis ¢hown in the following paragraph).

42 CPX

CPX measurement campaigns are performed withinraétene intervals: 1, 5, 11, 15, 18, 22
months after construction. All results have beemrexted for temperature using a temperature
correction coefficient of -0.03 dB(A)/°C and a reface temperature of 20 °C (3).

4.2.1 Cars
The results of the measurements performed at 80 kvith the P1 tyre are shown in Figure 2.

101
100
99
5 98 H 1 month
8 97 B 5 months
= 96
s 95 m 11 months
a
g 9% M 15 months
93
92 m 18 months
91 ® 22 months

Test sections

Figure 2 — Overview of CPX measurements performéyg 11, 15, 18 and 22 months after constructigh wi

the P1 tyre at 80 km/h (with temperature corregti@andard deviations based on 20 m segments.
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18 months after construction all thin layers shosudden noise increase. The cause for these high
sound pressure levels remains unclear to this ddite.measurements are performed on a cold day in
November. The air temperature was 11 °C but th&asartemperature was near freezing temperature.
Perhaps some remains of salting influenced the ureagents. SPB measurements performed on test
sections 6, 7 and 8 on exactly the same date fravis in previous chapter because the campaign was
incomplete) confirm these higher sound pressureltethat are found with CPX method. However
ISO 11819-1 demands a minimum surface temperatiube°@, a requirement which was not met for
this campaign. The authors plan new measuremenssamid day to confirm this possible cause.

The acoustical quality of the reference test secBMA-10 remains more or less stable over time.
All the other test sections show an increase ohdopressure levels. While,d, of test section 3 is
lower after 22 months compared to the beginning (s&. 4.1), L, is higher. This may be explained
by the fact that the measurement point for SPBtisaged in a part which shows less raveling.

Test sections 3 and 5 reveal a high inhomogendigr 48 and 22 months (shown as a large
standard deviation). The visual inspections indsledw several zones of raveling which change the
surface texture and therefore the acoustic qualitiiin these sections. The acoustical quality et te
section 10 is not homogeneous in the beginningheihomogeneity has improved over time.

Figure 3 shows the sound pressure level reductiitis respect to reference test section 1 at
different moments in time. The sound pressure lez@lictions decrease over time for all test sestion
Test section 10 even reveals a sound pressurewhieh is higher than the reference after more than
one year.

8
= ¢ B 1 month
= 6
23 B 5 months
S 4
83 11 months
o
x 2
§ 1 B 15 months
) '2 H 18 months

21 2 3 4 5 6 7 8 9 10

Test sections 22 months

Figure 3 — CPX sound pressure level reduction (#ithperature correction) of all test sections caegbéo

reference test section 1 (SMA-10) with the same(agasured with P1).

While in the beginning noise reductions of 1 toB{A) were observed, after almost two years noise
reductions of only 0 to max. 3.5 dB(A) remain. Dtulayer porous asphalt (test section 5) showed an
initial noise reduction of 5.8 dB(A), while aftewd years only 2.8 dB(A) remains.

The evolution in time of the acoustical quality rmeeed with P1 is assessed, assuming a linear
relationship. lpx of reference test sections 1 and 5 shows an isered 0.01 and 0.18 dB(A) per
month respectively. s, 0f thin layers has increased between 0.12 and @B8%8) per month, which is
more than expected. Danish research on test ssotigh thin layers (13) revealed an average annual
noise increase of 0.05 to 0.06 dB(A) per month,clitis much lower than the loss of noise reduction
that was found in this paper.

4.2.2 Heavy vehicles

The results of the measurements done at 80 kmtntvé H1 tyre are shown in Figure 4.

18 months after construction all test sections shosudden noise increase. The same effect, yet
even more apparent, was discussed for the measatemwéh the P1 tyre (see par. 4.2.1).

The sound pressure level of reference SMA-10 iseiasing over time, while it was stable for the
measurements with the P1 tyre. All test sectiormasan increase of sound pressure levels over time.

Test sections 5 and 7 reveal the largest inhomdgeatier 22 months. The large inhomogeneity
that was observed for test section 3 in 4.2.1 is olizserved here. Possibly the truck tyre is less
sensitive to texture change due to raveling thanctr tyre. The homogeneity of the acoustical dqyali
of test section 10 has improved over time. Thisiigilar to the measurements with the P1 tyre.
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Figure 4 — Overview of CPX measurements performédyg 11, 15, 18 and 22 months after constructidh wi

the H1 tyre at 80 km/h (with temperature corredti®iandard deviations based on 20 m segments.

Figure 5 shows the sound pressure level reductioitls respect to reference test section 1 at
different moments in time. The sound pressure les@lictions decrease over time for all test sestion
except test section 6 where a small increase isrgbsd.

8
_ 7 B 1 month
= 6
35 B 5 months
S 4
3 3 ® 11 months
% 2 -
g ;| M 15 months
—
a _g T B 18 months
2 1 2 3 4 5 6 7 8 9 10 ® 22 months
Test sections

Figure 5 — CPX sound pressure level reduction (teithperature correction) of all test sections caegbéo

reference test section 1 (SMA-10) with the same(ageasured with H1).

The evolution in time of the acoustical quality meeed with H1 is assessed, assuming a linear
relationship. Reference test sections 1 and 5 saovincrease of 0.11 and 0.17 dB(A) per month
respectively. Thin layers show an increase betwegh and 0.23 dB(A) per month. For all thin layers,
except test section 2 and 6, the ageing effectéos is smaller than for heavy vehicles. However th
difference is more significant for those two sentidor which the ageing effect is smaller for heavy
vehicles than for cars. In recent Danish reseanehageing effect was found to be smaller for heavy
vehicles than for cars on a larger range of varmwsaces (14).

5. TEXTURE

Texture measurements were performed 2, 5, 10 amdd%hs after construction. Two test sections
reveal a significant texture change, namely thiyeta2 and double layer porous asphalt 5, which are
shown in Figure 6.

Texture is stable in the first five months (durisgmmer period) while a clear increase is visible
10 months after construction (after winter perioyo years after construction again an increase of
texture can be seen. The increase covers the ctenpkgatexture range and a part of the macrotexture
range. An increase of megatexture may result inentpre vibrations and thereby noise.

A part of the increase of CPX noise pressure leaétksr 10 months may be due to the increase in
megatexture (see Figure 2 and Figure 4). As no uoreamnts of absorption and mechanical
impedance were performed it is difficult to statéstwith certainty.
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Figure 6 — Texture spectra of test section 2 (&ft) 2-layer PA (right) measured 2, 5, 10 and 2athwafter
construction.

6. RAVELING RESISTANCE

Samples were taken from the asphalt mixtures attmstruction site during paving. These were
reheated and compacted in the laboratory to masteplates for the raveling tests. Two plates were
tested per variant. The average results of thelirydests are shown in Figure 7 for the SMA-10
(section 1) and for the mixtures for thin layersieTright graph is the same as the left graph bth wi
different scale to make the difference betweenisest more clear. Only the double layer PA
(section 5) was not tested in the laboratory. Secti8 and 9 are paved with the same mixture, bilt wi
a different thickness. The tests make a clearrtiitin between sections 2 and 3 with a lot of niater
loss and all the other sections with only modematdittle material loss. Sections 7, 8 and 9 even
present a very good resistance to raveling equmtdte SMA.

1200 —1 120 1

1000 } ) 100 X)K e )
E 800 // =3 €80 3
C; ) TR / < ——4
<, 600 =60

8 —¥—6 2 I /
= 400 o
5 200 ’ g
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Figure 7 — Material loss in the raveling testertifbgraphs are the same with different scales).

7. INTERLAYER BONDING

In order to obtain representative results, coreeewaken in different areas of each test section,
except reference section 5 and thin layer 8. Tayeis 8 and 9 are paved with the same mixture, but
with a different thickness. Both shear and tensitength were determined on different cores (see pa
3.4), since previous research has shown that #te sge complementary. Figure 8 shows the results.
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Figure 8 — Results for shear and tensile strengtteéermined on cores from test sections.

Figure 8 leads to the following general conclusions

- Minimal required shear strength in German and Swecifications is 0.85 MPa (15, 16) and
this requirement is met for all sections, albeitéba for section 3. With the exception of
sections 2 and 3, all sections satisfy even thengier requirement of 1.42 MPa as specified
in a German study (17).

- For all test sections, except sections 2 and &naile strength of 1.0 MPa was obtained. As
currently no specification exists in which a regquirent for tensile strength of thin layers is
defined, the latter was chosen based on similds t@sscribed in prEN 12697-48 (9). The
direct tensile test is complementary with the sheat. Indeed, in the direct tensile test the
interface as well as the wearing course and the lasirse itself are exposed to tensile
stresses. The following information was obtainedobgerving the failure zone:

» for the reference section and the sections 9 andalldre did not occur in the tack coat,
but in the wearing course (section 1) or the bamese (sections 9 and 10). Higher
tensile strength values were obtained for thosé $estions, suggesting a higher
strength of the tack coat itself;

« for the other test sections, mixed failure ocedr(in tack coat and wearing course).

- Typical for these test sections was the broad sdafi of test results with coefficients of
variation of 10 % to 31 % for the shear test and &b to 27 % for the direct tensile test.
Previous in situ shear tests on SMA showed thatedficient of variation of less than 10 %
is achievable (16). Probably, results were inflleshby the conditions during construction.
Numerous factors such as rain showers, an unevenlocally damaged tack coat, large
temperature variations, etc. may contribute toeatrscattering of results (see chapter 2).

A more detailed analysis linking the constructidrthe test sections (see chapter 2) to test results

led to the following conclusions:

- Bonding between layers is largely influenced by tloenposition of the wearing course. This
explains the large difference between test sect?oasd 3 on the one hand and test section 7
on the other hand, notwithstanding the fact thaitailar tack coat was applied. Rain during
construction of test section 3 had most likely gateve influence as well.

- The tack coat definitely has a decisive influenoebonding between layers as was found when
comparing sections 7 and 9. Test sections 7 andv@ la wearing course with a similar
grading, void content and binder, but the tack ab#ers (for sections 7 and 9 respectively
an unmodified tack coat and a polymer-modified tadat ere applied). Moreover, the
bitumen emulsion was better applied on test se@idrrhis is confirmed by the higher values
for bonding between layers for test section 9.

8. MONITORING OF THE TEST SECTIONS

Visual inspections are made once or twice a yeaeddster the locations and measure the severity
of possible damage. The purpose of these inspexisofirstly to study the durability of the thinylar
sections and to validate the durability tests désck in the previous sections and secondly to assis
the interpretation of the evolution of the acousfimlity of the wearing courses.

The distinction in raveling resistance made by Hthleoratory tests is confirmed by the visual
inspections after less than two years. Sections®23aalready show raveling locally, especiallyhe t
wheel tracks (see Figure 9). In section 3 a pothadtk a diameter of 10 cm was also observed. Severe
raveling was detected on section 5, especiallhabieginning and end of this section (see Figu)e 10
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Figure 9 — A picture of the raveling seen in testtion 2.
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Figure 10 — A picture of the severe raveling atehé of test section 5 (left) and a CPX measuremihtP1

on this test section one month earlier (right).

During inspections contamination with dirt of thest sections was observed coming from fields
nearby. Often agricultural machinery was passingpatocation. This may have influenced the sound
absorption negatively and therefore the accelerktssl of noise reduction in time.

9. RELATIONSHIP BETWEEN ACOUSTICAL QUALITY AND DURABILITY

CPX measurements with the P1 tyre reveal a suddgrase of sound pressure level between 5 and
11 months after construction for test section 2 (Begure 2). CPX measurements with the H1 tyre
reveal a sudden increase of sound pressure levelebe 11 and 15 months after construction (see
Figure 4) for test sections 2 and 3. In laboratst sections 2 and 3 were found to have the least
raveling resistance (see chapter 6). Ravelingds gisible in a texture change (see Figure 6) éat t
section 2 which occurs later than 5 and 10 monttes aonstruction. Visual inspections link the risu
of the CPX measurements and the texture changaviling which occurred in that period.

The average CPX sound pressure levels over shasunimg distances (segments of 20 m each)
were determined to detect large differences pdrdestion. Mostly inhomogeneity over the various
20 m road segments could be linked to the visuapéctions which showed raveling damage.
Deviating noisy 20 m road segments were often ddedal raveling. An example is given in Figure 10
for test section 5.

Results of shear and tensile strength were fourtzbtsignificantly lower for test sections 2 and 3

(see Figure 8), but until now no significant degrdns were observed on site which may be linked
to these laboratory results. However, the thin tay@e only two years old at the time of writingsth
paper. More time is probably needed to link thedmtatory results to degradations on site.

10. CONCLUSIONS

Assuming a linear relationship the ageing effechorse reduction is assessed. Thin layers show a
noise increase of 0.11 to 0.28 dB(A) per month Hame CPX measurements. The ageing effect is
smaller for SPB measurements with 0.03 to 0.16 dB{é&r month. All these results are larger than
expected.

Shortly after construction, on all test sectiongeapt test section 10, more noise reduction is
obtained for car tyres than for truck tyres. THisieges over time as some thin layers reveal maseno
reduction for truck tyres than for car tyres afémost two years.
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For all thin layers, except two sections, the agadffect for cars is smaller than for heavy vehscle
However the difference is more significant for thdwo sections for which the ageing effect is sarall
for heavy vehicles than for cars.

Noise increase is clearly linked with raveling. Thiggh sensitivity to raveling can easily be
explained by the composition of the mixtures (agate grading and bitumen content) and the high
void content.

The results indicate that it is difficult to readian excellent noise reduction and durability & th
same time. The best compromise between these gbaidd be sought. A well thought choice should
be made based on the characteristics of the carigirusite. Thin layers are not applicable at ptace
like urban road crossings or others where vehielext high shear forces on the surface layer. Extra
care should be taken during construction as thiprdghave a higher sensitivity to weather condgion
during paving.
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