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The noise has long been recognized as a stress factor for humans. A high level
of noise has many negative influences on health such as:
concentrate, stress, health issues for the ears, and also has a damaging effect
on the cardiovascular and endocrine systems. Road traffic is main source of total
noise, especially in conurbations. In order to effectively reduce noise emissions,
surface courses can be installed as road surfaces that generate particularly little
noise in interaction with the vehicle tire. This paper delas with different types of
noise-reducing road surfaces.
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1. Introduction

Noise is any kind of sound that can disturb, annoy or even
harm people's health (B. Mihaylova, 2008). Passing
cars, the drone of an aeroplane in the air, conversations
in an open-plan office - noise is manifold and is one of
the greatest health risks, especially in cities. According
to a WHO study, traffic noise is the environmental
problem with the second strongest impact on our health
after air pollution. High noise levels make it difficult to
concentrate, cause stress and health problems for the
ears, and also have a harmful effect on the
cardiovascular and endocrine systems.

From today's perspective, about one in three young
people will therefore need hearing aids by the age of
50," says Anna Streissler, education expert and head of
the "Learning without Noise" project at the
Umweltdachverband (Austrian environmental umbrella
organization) (STANDARD Verlagsgesellschaft m.b.H.,
2019).

The reduction of traffic noise has gained in importance
in recent years. Active noise protection in the form of
walls or embankments is reaching its limits or can even
only be guaranteed through the use of enclosures (O.
Ripke, 2011).

Especially in the area of noise emission, which is
dominated by the rolling noise of the tyres in the speed
range of motorways and motorways, a differentiated
picture emerges here with the types of surface course
used. Here, depending on the traffic volume and
composition, a compromise must be found between the
acoustic properties and the load-bearing capacity of the
road surface. While open-pored asphalt wearing
courses have very good acoustic properties, they can
only be used to a limited extent on highly loaded or
stressed routes due to the associated reduction in
service life.

Road pavements such as asphalt concretes or washed
concrete pavements have a good durability even with
high proportions of heavy traffic, but this structural
durability comes at the price of increased noise
emissions. In order to guarantee high quality of all
parameters, noise-reducing dense or semi-dense
asphalt wearing courses are of great importance. At the
time of their installation, these exhibit good acoustic
properties and a long service life, even on highly loaded
stretches of road. However, a reduction in their noise-
reducing effect is evident, which can assume an extent
of 3-5 dB(A) within 5 years (BMVI, 2017).
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2. Thetypes of noise-reducing road surfaces
2.1. Stone Mastic Asphalt SMA 8 S Noise-Optimized

Stone mastic asphalt is in most cases a dense wearing
course construction type with a high filler and chippings
content. This results in a particularly high stability and
thus the primary area of application on highly loaded
roads. Compared to asphalt concrete, where a
continuous grading curve is responsible for the
transmission of forces between the aggregates of
different grain sizes, in Stone Mastic Asphalt the force
is transmitted primarily by the decisive (largest) grain,
i.e. the macadam principle is basically applied here. In
the meantime, there are also corresponding
adaptations to semi-dense Stone Mastic Asphalt, which
was developed against the background of optimized
sound absorption and has been a standard construction
method for noise-reducing wearing courses in the 3
DACH countries (Germany, Austria, Switzerland) for
many years (BMVI, 2017). The Stone Mastic Asphalt
SMA 8 S serves as the reference pavement in the
comparative analysis. This pavement is currently used
as a standard surface course in urban road construction
in Berlin. In the construction method according to ZTV
Asphalt-StB 07/13 (FGSV, 2013) with chipped surface,
the noise assessment leads to a DStrO value of 0 dB(A).
If no spreading is applied and the surface is blunted with
0.5 - 1.0 kg/m2 aggregate of the 1/3 delivery grain size,
a correction value of -2 dB(A) may be applied, as for the
non-spread Stone Mastic Asphalt. The layer thickness
is 3.5 - 4 cm. Surface courses of Stone Mastic Asphalt
SMA 8 S are deformation-resistant and intended for
high traffic loads. In residential areas or in areas with
low traffic loads, asphalt concrete wearing courses are
more suitable (ASPHALTA Praf- und
Forschungslaboratorium GmbH, 2018).

2.2. Stone Mastic Asphalt SMA 5 S Noise-Optimized

Thin hot mix asphalt wearing courses made of Stone
Mastic Asphalt SMA 5 S are suitable for use in roads
with high and normal traffic loads, depending on the
choice of binder. As a standard construction method,
this pavement is used for the structural maintenance of
traffic areas in asphalt construction according to the
ZTV BEA-StB (FGSV, 2011). The asphalt mix, like the
variants with 8 and 11 mm maximum aggregate size, is
standardized in Europe and introduced and
documented in Germany as a standard construction
method in TL Asphalt-StB 07/13 (FGSV, 2013). Due to
the smaller maximum aggregate size, the pavement has
a higher noise reduction potential compared to the SMA
8 S. The pavement can be installed in thicknesses from
2.0 cmto 2.5 cm. The requirements for noise-optimized
asphalt wearing courses made of SMA 5 S LO are
shown in Table 1 (ASPHALTA Priaf- und
Forschungslaboratorium GmbH, 2018).

Table 1. Requirements for noise-optimised asphalt wearing

courses made of SMA 5 S LO (edited by author), Source: ASPHALTA
Priif- und Forschungslaboratorium GmbH, 2018

Designation Unit SMA5SLO
Material
Aggregates (delovery aggregate)
Percent of crushed surfaces of particles Cioo0; Cosns Coont
Resistance to fragmentation SZ15: LAz
Resistance to fragmentation PSVspecitea(51)
Flakiness index Flis
Min. perlcgnlage ofdel\very granul. % 95
composition 072 with Ecs 35
Binder, type and sort 25/55-55A;
50/70 + 1,5 % TE)
Composition of mixture
Mineral aggregate
Grading (passing)
8,0mm M.-% 100
56mm M.-% 90to 100
2,0mm M.-% 30to 40
0,063 mm M.-% 7to12
Minimum binder content Brminz.4
Asphalt mixture
Filler / Bitumen ratio <18
Minimum void content MPK Viina.5
Maximum void content MPK Vinaxs.3
Binder volumen Air Vol -% is to be indicated
voids content Proportional rut % is to be indicated
depth Predicted value for skid PRDir100
resistance Mean surface texture depth - 042"
MTD mm 04108
Shape factor g % >80

1) Polishing value according to level 3 of the traffic simulation in
accordance with the test instruction of the TU Berlin, status 2004

The installation of the top layer of SMA 5 S LO may only
be carried out with a completely dry substrate. When
installing SMA 5 S LO, the air temperature must be at
least +10 °C and the temperature of the dry substrate
must be at least +8 °C. Do not apply the material if there
is strong wind. When placing the asphalt surface
course, fully thermally insulated transport vehicles with
push-off technology must be used. Before placing the
surface course, the base should be sprayed with 250
g/m? to 350 g/m? of an unstable cationic polymer-
modified bitumen emulsion C60BP4-S. Paving the
asphalt surface course with an asphalt paver with
integrated spraying equipment is possible and is
considered technically equivalent. Dulling of the asphalt
surface course must be avoided at all costs for reasons
of noise optimization (ASPHALTA Prif- und
Forschungslaboratorium GmbH, 2018).

2.3. Thin hot mix asphalt overlays on the road seal
DSH-V

The new edition of the ZTV BEA-StB (FGSV, 2013)
(Additional technical terms of contract and guidelines for
the structural maintenance of traffic bearing structures -
asphalt pavements) contains information on
corresponding maintenance construction methods. Thin
hot mix asphalt overlays on the road seal (DSH-V) can
ensure high-quality surface properties such as skid
resistance and noise reduction and provide long-lasting
protection for the road seal.
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This is why they have been included in the new edition of
the ZTV BEA-StB. To this end, the latest developments
in this area are outlined. These include in particular the
way the construction method works, new developments
in equipment technology and the asphalt mixture
composition, regulations in the ZTV BEA-StB that are
relevant for the execution of works, and experience
regarding noise effects. This construction method has
been in use for approximately 20 years now. When
properly used, it can safeguard the substance of the road
pavement structure at an acceptable cost, while at the
same time considerably reducing noise in comparison
with conventional surface courses (FGSV, 2013). A
special type of thin asphalt surface course is thin hot mix
asphalt overlays on the road seal (DSH-V). This is
characterized by an asphalt mix composition specially
designed for the intended use and the sealing of the base
by a polymer-modified bitumen emulsion. However, mix
compositions with a maximum grain size of 5 mm (DSH-
V 5) are predominant, as the noise-reducing effect of a
DSH-V 8 (maximum grain size 8 mm) is not as high. The
bitumen emulsion is applied and the mix is placed in one
operation. A layer of bitumen emulsion is first applied by
a road paver equipped with a spraying device, which is
immediately overlaid with the hot mix. The fine-grained
and concave pavement texture leads to a noise reduction
potential of -4 to -5 db(A) (BMVI, 2017). Table 2 shows
the guide values for DSH-V 8 and DSH-V 5 asphalt
mixes.

The top layer of DSH-V 5 LO may only be installed when
the substrate is completely dry. When installing DSH-V
5 LO, the air temperature must be at least +10 °C and
the temperature of the dry underlayment at least +8 °C.
Do not apply the material if there is strong wind. When
laying the asphalt surface course, only fully thermally
insulated transport vehicles with push-off technology
should be used. The asphalt surface course made of
DSH-V 5 LO is to be laid using an asphalt paver with
integrated spraying equipment. When placing the
surface course, spray the base with 250 g/m? to 350
g/m? of an unstable cationic polymer modified bitumen
emulsion C67BP4-DSH-V.

¢

Figure 2. Thin hot mix asphalt overlays on the road seal (DSH-V)
uncompacted 18 mm thick, Source: M. Schellenberger, 2010

Table 2. Guide values for asphalt mixes DSH-V 8 and DSH-V 5
(FGSV 798, 2013) (edited by author), Source: BMVI, 2017

Designation Unit DSH-V 8 DSH-V 5
Material
Aggregates (delovery aggregate)
Percent of crushed surfaces of particles Cioo0; Cosia; Coon Cio00; Cosia; Caon
Resistance to fragmentation SZis;LAz SZigiLAn
Resistance to polishing
Loading class Bk100 to Bk3,2 PSVspesiied (51) PSVspeciied (51)
Loading class Bk1,8 to Bk0,3 PSVipecirea (48) PSVipecited (48)
Shape index / Flakiness index Shs/Flis Shs/ Flis
Min. percentage of delivery granul. % 50 50
composition 0/2 with Ecs 35
Binder, type and sort
Loading class Bk100 to Bk3,2 45/80-50 A; 45/80-50 A;
Loading class BK1,8 to Bk0,3 70/100 701100
Composition of mixture
Mineral aggregate
Grading (passing)
11,2mm M.-% 100
80mm .9 90 t0 100 100
5,6 mm M.-% 6010 65 90 to 100
2,0mm M.-% 3510 45 40to 50
0,125 mm M.-% 91013 8to0 12
0,063mm  M-% 61010 7to1l
Minimum binder content Brmin6o Bumin7.2
Asphalt mixture
Marshall specimen Vol.-%
Minimum void content MPK Vol% Vininas Vninas
Maximum void content MPK Vol.-% Vinaxss Vinaxs s
Air voids content 171021 17t0 21

Note: Applies when paving over a newly produced asphalt binder
course. When paving on a milled base, increase the quantity of binder
as required. For reasons of noise optimization, the asphalt surface
course must not be dulled (ASPHALTA Prif- und
Forschungslaboratorium GmbH, 2018). Table 3 shows the
requirements for noise-optimized thin hot mix asphalt overlays on the
road seal (DSH-V 5 LO). Fig. 1 shows a DSH-V SMA 0/5; 1.2 cm thick.

Table 3. Requirements for noise-optimised thin hot mix asphalt

overlays on the road seal (DSH-V 5 LO) (edited by author), Source:
ASPHALTA Priif- und Forschungslaboratorium GmbH, 2018

Designation Unit

DSH-V5LO

Material

Aggregates (delovery aggregate)
Percent of crushed surfaces of particles Ci000; Cosin; Coonn
SZ18,L A2

PSVpeciied (51)

Resistance to fragmentation
Resistance to polishing

Flakiness index Flis
Min. percentage of delivery granul. % 75
composition 0/2 with Ecs 35

25/55-55 A;
50/70 + 1,5 % TE;
(45/80-50 A)

Binder, type and sort

Composition of mixture
Mineral aggregate Grading

(passing)
8,0 mm M.-% 100
5,6 mm M.-% 90 to 100
2,0mm M.-% 40to 50
0,125 mm M.-% 8to 12
0,063 mm M.-% 7to11
Minimum binder content Buine.2
Asphalt mixture
Filler / Bitumen ratio <18
Minimum void content MPK Vimina,s
Maximum void content MPK Vinaxs s
Lo Vol.-%
Air voids content 17t0 21
Binder volumen Vol.-% . o Y
is to be indicated
Wheel tracking
Predicted value for skid resistance F;ROD:;Z‘)‘)
Mean surface texture depth MTD mm ’
Shape factor g % 0410038
>80

1) Experience values are greater than 12% by volume
2) Polishing value according to level 3 of the traffic simulation in
accordance with the test instruction of the TU Berlin, status 2004
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2.4. Noise-optimized asphalt concrete surface

course ACD LOA

Noise-optimized asphalt concrete AC D LOA 5 has to
date been used practically without exception on inner-
city routes. Through the use of modified binders, a high
stability or resistance of the asphalt surface layer is
achieved with a simultaneous low void content. An
asphalt surface course made of AC D LOA 5 has a void
content of 4.0 to 9.0% by volume. The noise-optimized
effect of the pavement is based on its concave ("plateau
with ravines") surface texture.

Guideline values for AC 5 D LOA asphalt mix are
compiled in the recommendations for the planning and
execution of noise-optimized asphalt wearing courses
made of AC D LOA and SMA LA. When paving an AC
5 D LOA, the air temperature must be at least +10 °C,
and that of the base +8 °C. In contrast to "classic"
asphalt wearing courses, the noise-optimized variant
does not need to be blunted (BMVI, 2017).

During constructional implementation, it should be
noted that small-scale installation of the surface course
leads to an increased risk of errors. The acoustic
effectiveness of all low-noise road surfaces is linked to
a homogeneous formation of the texture and void
content characteristics. Note:  Therefore, the
construction sections for the surface course should be
as large as possible; a continuous paving over all
construction sections is optimal. Specifications in this
regard cannot be made without detailed knowledge of
the construction processes and scheduling constraints.

The surface course of AC 5 D LOA may only be laid
when the substrate is completely dry. When installing
AC 5 D LOA, the air temperature must be at least +10
°C and the temperature of the dry base must be at least
+8 °C. Do not install in strong winds. Before placing the
surface course, the base should be sprayed with 250
g/m? to 350 g/m? of an unstable cationic polymer-
modified bitumen emulsion C60BP4-S.

Paving the asphalt surface course with an asphalt paver
with integrated spraying equipment is possible and is
considered technically equivalent. The requirements for
noise-optimized thin asphalt concrete wearing courses
in hot construction from AC 5 D LOA are shown in
Tab.4. The asphalt concrete surface course made of AC
5D LOA is to be laid in a thickness of 2.5 cm. Exceeding
the paving thickness is only permissible by a maximum
of 10 % for reasons of deformation resistance. An
installation in greater thickness is considered a defect
(ASPHALTA Pruf- und Forschungslaboratorium GmbH,
2018).

Table 4. Requirements for noise-optimised thin asphalt wearing
courses in hot asphalt construction from AC 5 D LOA (edited by
author), Source: ASPHALTA Priif- und Forschungslaboratorium GmbH,
2018

Designation Unit

AC5DLOA

Material

Aggregates (delovery aggregate)
Ca000; Cosr1; Coon

SZ18;L Az
PSVepecitied (51)

Percent of crushed surfaces of particles
Resistance to fragmentation
Resistance to polishing

Flakiness index Flis

25/55-55 A,

Binder, type and sort
P (40/100-65 A)

Composition of mixture

Mineral aggregate
Grading (passing)

8,0 mm M.-% 100
5,6 mm M.-% 90 to 100
2,0mm M.-% 30to 40
0,125 mm M.-% 12to 18
0,063 mm M.-% 10to 13
Minimum binder content Brins,s
Asphalt mixture
Filler / Bitumen ratio <18
Minimum void content MPK Viinao
Maximum void content MPK Vol.-% Vinaxe,0
Binder volumen AF ol is to be indicated

is to be indicated ?

voids content Proportional rut

PRDag;

depth Predicted value for skid Amoo.

) 20,422
resistance Mean surface texture depth

0,4t00,8
MTD mm
=80

Shape factor g %

1) Experience values are greater than 12.5 % by volume

2) Experience values lie between 65 and 75 %

3) Polishing value according to level 3 of the traffic simulation in
accordance with the test instruction of the TU Berlin, status
2004

Figure 3 shows the road surface with a LOA D: a) fresh
after paving, b) after 10 months, c) after 19 months.

s e

Figure 3. The road surface with a LOA D: a) fresh after paving, b)
after 10 months, c) after 19 months, Source: M.
Schiinemann, 2011

Figure 4 shows the installation of noise-optimized
asphalt wearing course AC 5 D LOA on
Rheinbriickenstrasse, Karlsruhe, Germany.
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Figure 4. Installation of noise-optimiséﬂ asphalt wearing course
AC 5 D LOA on Rheinbriickenstrasse, Karlsruhe,
Germany, Source: M. Schellenberger, 2010

2.5. Mastic asphalt with improved noise properties
(MA LA)

Mastic asphalt with improved noise properties (DStro
value of -2 dB(A)) is to be produced in accordance with
ZTV Asphalt-StB 07 in procedure B. Additional technical
instructions for the construction of mastic asphalt layers
for traffic area pavements, in particular with regard to
noise properties, are set out in R2 - Recommendations
for the construction of mastic asphalt layers,
abbreviated E GA, (FGSV 740 (FGSV, 2022)) (BMVI,
2017). For the production of mastic asphalt with
improved noise properties, two essential prerequisites
must be fulfilled. The mastic asphalt must be laid in such
a way that the surface is as smooth as possible, with
hardly any macrotexture. The subsequent spreading
must be extremely homogeneous and not in excess.
The largest grain size of the aggregate used should not
exceed 4 mm in diameter; a blunting material of the
special grain size 2/3 has proven to be most favourable
(ASPHALTA Pruf- und Forschungslaboratorium GmbH,
2018).

Mastic asphalt may only be installed when the substrate
is completely dry. The temperature of the dry base must
be at least +10 °C. The mastic asphalt must be laid by
machine. Manual installation is possible in the pre- or
post-laid strips. Only paving machines equipped with an
automatic levelling device are to be used. For the
asphalt surface course made of mastic asphalt, a
scattering grain consisting of a bitumen-coated delivery
grain 2/3 with a scattering quantity of 11 to 13 kg/mz is
to be applied mechanically and evenly to the hot surface
in accordance with the ZTV Asphalt-StB, procedure B.
The scattering grain is to be applied by hand. The
delivery of the scattering granulation has to take place
immediately before the start of installation in thermal
vehicles with a temperature of at least +170 °C. The
scattering granulation has to be applied evenly by
machine.

The scattering granulate must sink into the asphalt
mortar of the mastic asphalt surface by its own mass
and thus be firmly bound. As a rule, the scattering
granulation is not to be pressed on or in with rollers
(ASPHALTA Pruf- und Forschungslaboratorium GmbH,
2018).

2.6. Mastic asphalt with a surface rich in voids
(open-pored) PMA

Working Paper W2 - Texture Influence on the Acoustic
Properties of Pavements (FGSV, 2013) - also contains
information (experiences) on the noise-reducing
pavement made of MA 5 S (Tab.5). In contrast to
traditional mastic asphalt (MA), a mastic asphalt with an
open porous surface (PMA) can be developed by
adapting the asphalt recipe. The focus here is on the
mix, which now has a higher proportion of coarse
aggregate. The result is that the mastic asphalt is open-
pored in the upper area, but remains dense in the lower
area. The open-pored surface or concave texture
("plateau with ravines") forms after the mortar has
settled into the lower layer. The dense layer makes
extra protection of the binder and base course against
water unnecessary, as the lower layer is already
impermeable to water. A noise reduction of 4 dB(A) can
be expected with this asphalt wearing course. The
mastic asphalt surface course with an open-pored
surface is used for all speed ranges (BMVI, 2017).

Table 5. Guide values for asphalt mix MA (FGSV 797, 2013) (edited
by author), Source: BMVI, 2017

Designation Unit

MAS8S MA5S

Material

Aggregates (delovery aggregate)
Percent of crushed surfaces of particles
Resistance to fragmentation
Resistance to polishing PSVapocies (48) PSVpeciied (48)
Min. percentage of delivery granul. a5

composition 0/2 with Ecs 35 %

20/30; 20/30;
Binder, type and sort 30/45. 30/45;

10/40-65;
Composition of mixture 25/55-55
Mineral aggregate

Grading (passing)

25/55-55

11,2mm 100
8,0mm 90 to 100 100
7510 90 90 to 100
50 to 60 5510 65

2210 30 241032

5.6 mm
2,0mm
0,063 mm

= zzzzz
2 2888

Minimum binder content Buin7o Bmin7.0

Asphalt mixture
Minimum static penetration depth cube
Maximum static penetration depth cube

Imin10 Ima10
Imax 30 Imax30
Incoa

Increase penetration depth cube I 0,
is to be indicated

o
Dynamic penetration depth mm is to be indicated

For the production and the finished layer of PMA 5, the
ZTV Asphalt-StB or the TL Asphalt-StB as well as the
special regulations described below apply accordingly.
The surface course of PMA 5 may only be laid when the
base is completely dry. When laying PMA 5, the air
temperature must be at least +10 °C and the temperature
of the dry base must be at least +8 °C. When placing the
asphalt wearing course, fully thermally insulated transport
vehicles with push-off technology must be used. Before
placing the surface course, the base shall be sprayed with
250 g/m? of an unstable cationic polymer-modified
bitumen emulsion C60BP4-S. The asphalt mix shall not
exceed a temperature of +200 °C during production. The
time from loading the mix lorry to placing the asphalt mix
(including transport time) must not exceed 45 min.

Journal of Road and Traffic Engineering, LXX, 3/2024, 27-35
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The required laying temperature of the asphalt mix is at
least +180 °C. Cooled mix and/or mix that has fallen onto
the base during transfer to the paving process must be
removed and may no longer be fed into the paving
process. For the production of a flat surface, smooth rollers
without vibration are to be used. The rolling process should
only start at core temperatures below +130 °C. Rubber
wheel and combi rollers must not be used. The
requirements for noise-optimized asphalt wearing courses
made of PMA 5 are shown in Tab.6 (ASPHALTA Prif- und
Forschungslaboratorium GmbH, 2018). Figure 5. shows
the surface of the installed PMA asphalts.

Table 6. Requirements for noise-optimised asphalt surface courses
made of PMA 5 (edited by author), Source: ASPHALTA Priif- und
Forschungslaboratorium GmbH, 2018

Designation Unit PMA 5
Material
Aggregates (delovery aggregate)
Percent of crushed surfaces of particles Cio00
SZigLA20

Resistance to fragmentation

Resistance to polishing PSVspecifiea (54)

Flakiness index Flis
Flow coefficient Ecs specified <30
30/45;
Binder, type and sort 25/55-55 A

Additives Type and quantity must be

indicated
Composition of mixture
Mineral aggregate
Grading (passing)
8,0 mm M.-% 100
5,6 mm M.-% 90 to 100
2,0 mm M.-% 2510 40
1,0 mm M.-% 25to 40
0,063 mm M.-% 16 to 20
Minimum binder content Bmine,o
Asphalt mixture
Minimum void content MPK Vol.-% Vmin3,0

Void content of test specimens from an Vol.-% Vmax7.0

asphalt sample plate Static

penetration depth on mod. MPK mm is to be indicated

Wheel tracking mm is to be indicated
Predicted value for skid resistance % is to be indicated
Mean surface texture depth MTD is to be indicated
or estimated texture depth ETD mm is to be indicated

2.7. Stone Mastic Asphalt optimized for noise SMA
LA

The SMA LA emerged as an alternative to porous
asphalt and as a further developed form of the classic
Stone Mastic Asphalt. SMA LA differs from SMA in that
it has a different grading curve. Essentially, this means
the reduction of fine-grained aggregates. The new
favourable macrotexture with a higher void content of
9.0 to 14.0% by volume in combination with a polymer-
modified binder is characteristic of this road surface. On
average, a noise reduction potential of 3 to 4 dB(A) can
be expected, depending on the use in urban or extra-
urban areas (BMVI, 2017). Table 7 shows the guide
values for asphalt mix SMA LA according to FGSV 739
(FGSV, 2015).

Table 7. Guide values for asphalt mix SMA LA according to FGSV
739 (edited by author), Sources: BMVI, 2017; F. Garthe, 2014

SMA 8 LA

Designation Unit SMAS5LA

Material

Aggregates (delovery aggregate)
Percent of crushed surfaces of particles
Resistance to fragmentation
Resistance to polishing

Cio00; Cosin; Coon
SZis;LA20
PSVipeciiea (51)

Cio0i0; Cosini Coon
SZigiL Az
PSVopeciiea (51)
Min. percentage of delivery granul.

composition 0/2 with Ecs 35 % 100 100
40/100-65; 40/100-65;
Binder, type and sort 45/80-50; 45/80-50;
(25/55-55) (25/55-55)
Composition of mixture
Mineral aggregate
Grading (passing)
11,2 mm M.-% 100
8,0mm M.-% 90 to 100 100
5,6 mm M.-% 2010 30 85to 100
2,0mm M.-% 15t0 20 20to 30
0,063 mm M.-% 6t08 7t0 10

Minimum binder content
Binder volumen
Binder suport

M.-%
M.-%
M.-%

Brine.s
is to be indicated

Brin70
is to be indicated

Figure 5. Surfaces of PMA 5 (left) and PMA 8 (right), Source: B.
Jannicke, 2010

Asphalt mixture
Marshall specimen
Minimum void content MPK Vol.-%
Maximum void content MPK Vol.-%
Air voids content %
Wheel tracking %

Vninoo Vainoo
Vimax11,0
is to be indicated

Vimax11.0
is to be indicated
is to be indicated

is to be indicated

When laying SMA LA, the air temperature must be at
least +10 °C and the temperature of the dry base at least
+8 °C. When laying the asphalt surface course, fully
thermally insulated transport vehicles with push-off
technology must be used. Due to the high void content of
the surface course, the base is not protected against
water ingress. Therefore, before placing the surface
course, the underlay should be sprayed with 350 g/m? to
450 g/m? of an unstable cationic polymer-modified
bitumen emulsion C60BP4-S. In case of high
temperatures (air and base), measures may have to be
taken to prevent the binder from being drawn up by site
traffic. Paving the asphalt surface course with an asphalt
paver with integrated spraying equipment is possible and
is considered technically equivalent. Dulling of the
asphalt surface course must be avoided at all costs for
reasons of noise optimization (ASPHALTA Priuf- und
Forschungslaboratorium GmbH, 2018).

Table 8 gives the requirements for noise-optimized
asphalt wearing courses made of Stone Mastic Asphalt
(SMA 5 LA) (ASPHALTA Priif- und
Forschungslaboratorium GmbH, 2018). Figure 6 shows
the texture of a SMA LA asphalt pavement.

32

Journal of Road and Traffic Engineering, LXX, 3/2024, 27-35



Optimized road noise asphalt pavements - The types of noise-reducing road surfaces

Table 8. Requirements for noise-optimised asphalt wearing
courses made of stone mastic asphalt (SMA 5 LA) (edited by
author), Source: ASPHALTA Priif- und Forschungslaboratorium GmbH,
2018

Designation Unit SMA5 LA
Material
Aggregates (delovery aggregate)
Percent of crushed surfaces of particles Caoan; Cosiz; Coon
Resistance to fragmentation SZigLAz
Resistance to polishing PSVepecitea (51)
Flakiness index Flis
Min. percentage of delivery granul. % 100
composition 0/2 with Ecs 35
40/100-65 A;
Binder, type and sort 45/80-50 A;
(25/55-55 A)
Composition of mixture Figure 7. Installation of SMA 5 LA in Baden-Baden, Germany,
Mineral aggregate Source: F. Garthe, 2014
Grading (passing) .
somm  M-% 100 Figure 8 shows the surface of SMA LA 0/8 and SMA 0/8
S: a) fresh after installation, b) and c) after approx. two
56mm  M.% 8510100 ) - : . ;
’ ”01050 years in service. Figure 9 shows the installation of
20mm - M-% o noise-reducing SMA LA asphalt on the A10 Tauern
0063mm  M.% 71010 motorway in Austria in May 2003.
Minimum binder content Brin70
Asphalt mixture
! . . <18
Filler / Bitumen ratio v
Minimum void content MPK Vol.-% v mneo
max 11,0
Maximum void content MPK '
) imum vor Vol.-% is to be indicated
Binder volumen
- Vol.-% is to be indicated
Air voids content ” is o be indicated SMA LA 0/8 SMA0/8S
Wheel tracking ’ SMALA 0/8
Predicted value for skid resistance 20,38 Figure 8. Surfaces of SMA LA 0/8 and SMA 0/8 S: a) fresh after
installation, b) and c) after approx. two years in service,

Source: K. Graf, M. Schellenberger, 2009

Figure 6. shows the texture and Fig.7 the installation of
an SMA 5 LA in Baden-Baden, Germany.

It
~

Figure 9. Installation of noise-reducing SMA LA asphalt on the
A10 Tauern motorway in Austria in May 2003, Source: K.
Graf, M. Schellenberger, 2009

Source: F. Garthe, 2014
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2.8. Open-pore asphalt (OPA / ZWOPA)

In addition to dense and semi-dense wearing courses,
"open-pored asphalt" (OPA) (Fig.10) or "drain asphalt”
(sometimes also referred to as "whisper asphalt” in
older literature) plays an important role in the field of
noise-reducing wearing courses. Basically, its grading
curve is characterized by an extremely high proportion
of chippings of a certain grain size and a very low
proportion of sand or filler.

The main advantages of drain asphalt compared to
dense and semi-dense wearing courses are on the one
hand the noise reduction due to the high sound
absorption and the shift of the frequency range, so that
up to -6 dB(A) noise reduction can be achieved. Another
advantage is the drainage effect and the avoidance of
spray plumes, which benefits road safety. A significant
disadvantage can be observed in winter road
maintenance, as due to the run-off of the salt-water
mixture during salt spreading, significantly more de-
icing agent has to be applied to the road and the
"freezing over" (enclosing the grains on the surface with
a layer of ice) also brings significant disadvantages
(BMVI, 2017).

Fig. 10 shows possible construction methods for
drainage asphalt wearing courses (porous asphalt).
They can be laid in one layer (OPA) from one type of
mix or in two layers (ZWOPA or 20PA) from two
different types of mix (B. Mihaylova, 2008).

two layer (20PA)

“ B9 fine grained
AT g
ST top course

Jl'
A ) |
AL .“Eiﬁm‘éw

D esma

coarse-grained
lower course

Sealmg Base & Binder course

Figure 10. Structure types of drainage asphalt (OPA = porous

asphalt) (edited by author), Source: B. Mihaylova, 2008
The examples of drainage asphalts (OPA asphalts): a)
Grain size lower layer 11/16 mm, grain size upper layer
5/8 mm are shown in Figures 11, 12. and 13. shows the
section through the installed two-layer porous asphalt
(20PA).

. Exampleé for drainage asphalts (OPA asphalts): a)
Grain size lower layer 11/16 mm, grain size upper layer
5/8 mm, Source: B. Mihaylova, 2008

Figure 11.

DX 0D ¥ HAWO Biequaljayos 4q - W
“ e

Figure 12. Section through the installed two-layer porous asphalt
(20PA), Source: M. Schellenberger, 2010

Figure 13. wo Iayer porous asphalt(ZOPA) Source D. Gogolm 2015

3. Conclusion

59 % of Germans feel disturbed or annoyed by road
traffic; approx. 16 % of the population are exposed to
noise levels that are hazardous to health due to road
traffic. Since tyre-road noise is the dominant source in
road traffic noise from speeds of approx. 30 to 40 km/h,
the use of noise-reducing road surfaces can contribute
to reducing noise pollution and its consequences. With
regard to the durability of asphalt road surfaces, the
requirements of the relevant surface course
parameters, such as skid resistance, longitudinal and
transverse evenness, as well as the acoustic properties
of the road surfaces, are increasing. In order to
guarantee a high quality of all parameters, noise-
reducing dense or semi-dense asphalt wearing courses
are of great importance. At the time of paving, these
exhibit good acoustic properties and a long service life
even on highly loaded road sections, but a reduction in
their noise-reducing effect is evident, which can reach
3-5 dB(A) within 5 years. The noise measurements
show that open-pore asphalt wearing courses (OPA) of
the third generation with void contents above 22%
initially show high noise reduction values of -8 dB(A)
and higher and only slightly decrease in the following
years. Currently, DStrO values of -5 dB(A) can already
be assumed as safe for a period of 6 years. There are
no deformation problems if all constructional
specifications are met. Due to their low deformation
tendency, open-pored ceilings do not lead to rutting and
are comfortable for the user, i.e. quiet, no spray plume
formation in wet conditions and no risk of aquaplaning.
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