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Abstract

Following the significant development of transportation infrastructure in recent years, Croatia
has the need for adequate noise protection of the surrounding urban area. Construction of
noise barriers is possible out of various materials such as wood, steel or concrete, but due to
strict market conditions and demands for durability and static stability concrete noise barriers
are most frequently used across Europe. Following this footsteps, Croatia has also increased
the use of concrete noise barriers in recent years. Up to 50% of all noise protection barriers in
Croatia are concrete based. Having reinforced concrete as a support structure, concrete noise
barriers differin the structure of the absorbing layer usually made out of expanded clay or wood
fibres. RUCONBAR represents a new, eco-innovative concrete noise barrier solution. Innovative
structure and method of obtaining the absorbing layer made out of recycled waste tyres has
been developed and patented at the Faculty of Civil Engineering in Zagreb, while the whole
production is feasible in Croatian production lines. RUCONBAR — rubberised concrete noise
barrier is produced according to EU Directives on noise protection and waste management and
incorporates the idea of using waste tyres as a raw material for further production of a new
product that brings benefits in three areas: (1) noise protection, (2) environment protection
through prevention of disposing recyclable materials on dump sites and (3) reduced use of
natural resources.

Paper describes a development process of a new product from initial idea over test samples to
real scale samples and first application. It also contains thorough analysis of environmental im-
pact and acoustic properties compared to similar solutions as well as potential market analysis.

1 Introduction

Given the increased public demand for reduced traffic noise levels, there is a growing demand
for better noise protection solutions out of which, highway and railway noise barriers are the
most common and cost effective choice. As such, noise barriers concepts continue to strive
for innovative and visually acceptable solutions, especially for urban areas. Nowadays, noise
barriers are usually made out of concrete, wood or steel. Concrete barriers are usually combined
with expanded clay panels within noise absorbing layer. In June 2002, EU delivered Directive
2002/49/EC [1] relating to the assessment and management of environmental noise that pro-
vide directions for noise protection. According to the Eu Transportation Strategy White paper —
‘European transport policy for 2010: time to decide’ [2], large investments in roads construction
are planned in these areas. Noise has been assessed as the one of the main environmental
problems in Europe and traffic is one of the main sources of noise. The Republic of Croatia,
neighbouring countries and new Eu member states harmonized their regulations with the EU
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Directive 2002/49/EC [1] relating to the assessment and management of environmental noise
and recommendations regarding noise protection. In other words, all roads and railways that
are planned for construction or rehabilitation have to include noise protection solutions. On
other hand, starting from year 2006 EU Directive 1999/31/EC[3] clearly prohibits any kind of dis-
posal of waste tyres in environment. Predictably, quantity of waste tyres available for recycling
significantly increased.

The proposed solution is to develop a concept of utilisation recycled tyres as new material for
reduction of urban noise pollution, called RUCONBAR. The concept provides benefits in three
directions which are: (1) noise protection of urban areas by utilisation of recycled materials,
(2) preventing landscape degradation from clay excavation by introducing new material and
(3) environmental protection by preventing disposal of recyclable materials on landfills. In its
nutshell, it is a concrete based solution composed of absorbing and bearing layer (Figure 1).
By incorporating 40 % rubber granules recycled from waste tyres recovered from end-of-life
vehicles, absorbing layer is innovative solution in production of noise barriers. The outcome of
this conceptis a product that reduces utilisation of clay with recycled rubber made out of waste
tyres for noise absorbing layer. For orientation, 1 kilometre of noise protection barriers of 3 m
height (3 000 m2 of noise protection) uses 46.4 t of recycled rubber granules which are obtained
by recycling 7 800 waste car tyres.

Concrete column

Bearing layer

Absorbing layer with
rubber granules

granules
Figure1 RUCONBAR cross section

Namely, concrete can incorporate rubber granules from recycled tyres to form a noise—absorpti-
ve layer of Rubberised Concrete Noise barriers (RUCONBAR) which has been tested, proven and
patented by the Faculty of Civil Engineering, University of Zagreb by 2010.

2 Development of the idea

For the production of high absorptive lightweight concrete with optimised mechanical and du-
rability properties rubber granulates were used in concrete mixture as substitution of part of
the aggregate. During development phase was observed that presence of larger amount of
rubber granulates (40% of aggregate volume was replaced with rubber granulates) in concrete
mixture has major influence on properties of fresh and hardened concrete. In order to enhance
the concrete workability and ease the placement during production, chemical admixture (super-
plasticizer) was added. Presence of superplasticizer helps concrete mixture to obtain needed
workability during casting period. Investigated mixtures with main differences in mixture design
are shown in Table 1.

Addition of rubber particles in to the concrete mixture usually causes decrease of mechanical
and increase of penetrability properties compared to normal concrete. On the other hand, it
was proven that addition of rubber granulates enhances concrete resistance to freezing and
thawing, mechanical impact, chloride diffusion and fire, which are all important properties for
materials utilised as part of the infrastructural system [5][6][7]. The rubber granulates will influ-
ence mechanical and penetrability properties depending on two major parameters: a) adhesion
between the rubber and cement matrix and b) quality of the rubber granulates/cement paste
interface, which is highly influenced on the presence of zinc stearate in tyre formulation [8].
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Table1 Table 1. Investigated concrete mixtures with addition of rubber particles

Mixture
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 | 18
Cement 8% | 1% | 11% | 12% | 13% | 1% | 1% | 10% | 10% | 9% 9% 9% 8% 8% 8% 8% |10%|10%
Water 1M1%| 6% 7% 5% 3% 5% 4% 5% 5% 5% 5% 5% 5% 5% 5% 5% | 6% | 5%
Air 0% | 7% | 5% | 5% | 7% | 6% | 5% | 3% | 3% | 2% | 2% | 3% | 3% | 3% | 3% | 3% | 5% |4%

Mineral admixture 0% | 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 1% 1% 1% 3% 3% | 0% | 0%
Chemical admixture | 0% | 1,88%|1,92% [1,82% | 1,68% | 1,37% | 1,40% | 0,09% | 0,09% | 0,08% [ 0,08% [0,09% | 0,08% | 0,08% | 0,09% | 0,09% | 1% | 1%
Waste 0% | 22% | 23% | 23% | 47% | 54% | 78% | 35% | 35% | 53% | 53% | 35% | 53% | 53% | 34% | 34% [31%[40%
Natural resources  |81%| 52% | 53% | 54% | 28% | 23% | 0% | 48% | 48% | 31% | 31% | 48% | 31% | 31% | 47% | 47% [47%|40%

The most important property of the described noise protection barriers is the ability of noise
absorption. Acoustical absorption is the property of any material that changes the acoustic
energy of sound waves into another form (often heat). Due to the fact that RUCONBAR contains
untested material in its absorbing layer the testing of absorbing properties has been nece-
ssary in order to determent its sound absorbing behaviour. The testing has been conducted
through all the phases of material development (18 mixtures) on small laboratory samples
(Figure 2) in Kundt’s tube.
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Figure 2 Sound absorption properties of small samples

After conducting described testing on small samples, an optimal mixture has been selected
to create real scale sample (10m? panels) which has been tested in a reverberation room in
accordance with HRN EN ISO 354:2004 i HRN EN 1793-1:1999 standards (Figure 3).

11 4 ——Rubber concrete noise barriers (RCN barriers)
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Figure3 Real scale test samples in the Figure 4 Comparison of sound absorption
reverberation room coefficient

The results of the sound absorption coefficient (as) testing on real scale samples are des-
cribed as a function of frequency. Following symbols have been used for result description:
- f—mean frequency of third of octave

- o, — sound absorption coefficient

- DL_ - sound absorption value expressed as a difference of A-valued sound pressure levels.
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Description of results has been given along with the results of sound absorption coeffici-
ents (o) of noise protection barriers with absorbing layer made of expanded clay and wood-
concrete (Figure 4). According to the measurement results in accordance with the current
standards, RUCONBAR noise protection barrier has been listed under A2 class of sound absor-
ption based on the sound absorption value DL = 6dB. Some of the competitive products can
achieve higher classes of sound absorption, which greatly depends on the cross section of the
absorption surface. The comparison of sound absorbing properties has been conducted on
samples with similar absorbing surface cross sections. Conducted testing indicate satisfying
absorption properties and the possibility of theirimprovement through further development
with the goal of reaching class A3 of sound absorption.

Further research includes production of panels with different cross-section of absorption sur-
face and its testing in reverberation room with the goal of achieving higher class of sound
absorption properties. Implementation and on-site testing of RUCONBAR panels on a test
section of highway is also a part of the further product development (Figure 5).

Figure 5 Installation of test section of RUCONBAR panels

3 Comparison of RUCONBAR with substitute solutions

Comparing the recent experiences in material usage for noise barriers (Figure 6), it can be
easily concluded that concrete noise barriers have favourable market characteristics in terms
of price and performance. The common absorbing layer at concrete noise barriers is expanded
clay.
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Figure 6 Materials in noise barriers products
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Comparison of noise barriers can be conducted only if comparison is done within the same
materials; following RUCONBAR should be compared with concrete barriers. Similar in appe-
arance, almost equal from functionality aspect, they differ only by environmental sustainabi-
lity. In accordance with South-eastern European climate, concrete barriers are often the only
possible solution for reduction of noise pollution. Robustness and weight of concrete noise
barriers ensures them a satisfactory static stability especially in areas with strong winds like
those present in Croatia.

If RUCONBAR is compared with much light-weighted noise barriers, such as those made of
wood, aluminium or Plexiglas then emphases should be made on fact that those barriers can
hardly be compared with concrete barriers in terms of functionality. Use of those materials
for production of barriers requires regular maintenance, which ultimately significantly raises
costs and brings in question the justification of their application. Such noise barriers have
commonly been used in the smaller urban centres where they fit far better in the present ar-
chitecture. However, development of new concrete solutions and possibility for design show
that nowadays concrete can compete on an equal basis with those solutions.

Although worldwide similar solutions incorporating recycled rubberin concrete for noise pro-
tection can be found, in Europe are present only noise barriers made from recycled rubber
bounded by polyurethane and glued on concrete bearing layer. Even though it can seem that
implementation of those barriers is environmentally justified, because of the large share
of waste materials in absorption layer, it was demonstrated that presence of only rubber in
absorption layer can be environmentally hazardous. It is widely known that tyres are extre-
mely flammable material which can cause long-lasting fires with significant emission of gre-
enhouse gases. So the use of those solutions can result in safety and legal issues in case of
inflammation of vegetation, accidents or vandalism, due to rapid spread of flame together
with dense smoke. In order to reduce rubber flammability, flame and smoke retardants are
introduced into those mixtures during manufacturing process which afterwards significantly
reduces recyclability of those materials. RUCONBAR is made out of 40% recycled rubber by
total volume; incorporation of rubber granulates in concrete significantly reduced RUCONBAR
flammability due to presence of aggregate and cement paste. Reduced flammability and
better appearance present RUCONBAR as environmentally more acceptable solution.

4 Market potential for new barriers

Potential market size for uptake of RUCONBAR has been assessed upon the future investments
in roads and railways in Croatia, new EU member states and neighbouring countries until 2014
and related needs for noise protection barriers. Those markets are recognised as potential
beneficiaries of RUCONBAR project results, due to the amount of unmanaged waste tyres,
underdeveloped transportation infrastructure or/and little efforts taken in noise prevention
from traffic compared to EU1s. Nevertheless, all potential market countries are in line either
fully or partially with Waste Management Directive [3].

The overview of the potential market for RUCONBAR is based on the planned construction,
upgrading or reconstruction of roads and railways (Table 2). The analysis is relying on publicly
available data published by international and national road and railroad associations, orga-
nizations, national governments and the European Union.
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Table 2 Table 2. Planned construction/upgrading/reconstruction of roads and railways (length in km)

Country Roads [km] Railways [km]
Albania 124 107
Bosnia & Herzegovina 75 0
Bulgaria 546 217
Croatia 750 404
FYR Macedonia 74 313
Kosovo 89 148
Montenegro 102 192
Romania 573 488
Serbia 68 156
Slovenia 299 188
TOTAL 2699 2213

The reference value is 300m? of noise prevention barrier per each kilometre of highway. The
potential market size of approximately 0.81 million m2 for the noise barriers at highways was
calculated for the region, assuming similar landscape configuration in those countries. The
major projects in railways are in progress and quantities of the necessary noise protection
(m?) are known. Railway traffic produces 10 dB higher noise levels than highway traffic; con-
sequently average area of installed noise protection barriers is higher on modern railways
than on highways. For every kilometre of railway approximately 9goo m? of noise barriers are
needed. Given the data in Table 3, the future needs of noise barriers on railways in Croatia
and neighbouring countries is approximately 1.9 million m2 (Figure 7).

584 700 m? 1627 770 m?2

Figure 7 Future demands for noise protection on Croatian and replication market until 2014

5 Ecological impact of RUCONBAR

RUCONBAR is eco innovative product with clearly defined environmental benefits and re-
source efficiency in a life-cycle approach: environmental performance (through significant
decrease of carbon footprint and material recycling), better use of natural resources and easy
visible economic sustainability. RUCONBAR reaches two major environmental problems, noise
pollution and waste tyres management through ecologically and economically more efficient
way — using waste to develop new product while the product itselfis used for noise pollution
protection. Improved environmental performance was evaluated considering entire Life Cycle
of RUCONBAR comparing it with expanded clay noise barriers. Expanded clay noise barriers
are most frequently applied barriers in Croatian market. Life-cycle analysis of CO,-eq savings
(resources - production - placement & use - disposal/recycling) is based on available data for
life cycle of RUCONBAR and of noise barriers from expanded clay (Figure 8Fi). Results indicate
that RUCONBAR achieves 31 % of total CO,—eq avoidance in the respect to the expanded clay.
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Figure 8 Comparison of noise barriers production process: expanded clay vs. recycled rubber

Comparing the recent experiences in waste tyre recycling of Eu members with Croatian and
South-eastern European countries it is obvious that these markets obtain large amounts of
abandoned waste tyres. On the other hand, production of concrete noise barriers with expan-
ded clay is limited by the amount of available clay, because required quality clay needed for
production of expanded clay is available only on few excavation sites in Europe. In addition,
the excavation leaves behind devastated environments whilst production of expanded clay by
burning of natural clay in rotary kilns causes significant gas emissions into the atmosphere.

In respect of resource efficiency, RUCONBAR project is reducing exploitation of raw material and
contributing to the optimal use of natural resources. Replacing 50% volume of natural aggregate
in concrete mixture by recycled waste tyres generates direct savings of 77 kg of aggregate per m2
of noise barrier. Each m2 of noise barrier using RUCONBAR saves 33 kg of expanded clay or 6.6
kg of natural clay. If we consider that RuCONBAR could fully replace noise barriers with expanded
clay in Croatia, in three years savings in natural clay could reach 0.3 million kg only in Croatia.
Additional value of RUCONBAR is that it is further reusable upon deconstruction.

Innovative and environmentally friendly concept of RUCONBAR is applicable in all Eu and beyond
but it is most applicable in those countries that have need for waste tyres management and
demand for noise protection barriers due to underdeveloped traffic infrastructure. Every year
about 3.4 million tonnes of waste tyres are generated in Europe. In the EU15, only 5 % of waste
tyres are uncontrollably disposed in landfills. In the 12 new Eu member states and Western Bal-
kan, averagely 29 % of waste tyres are disposed in landfills, annually. With the introduction of
EU Directive in those countries, which bans landfilling of whole (July 2003) and shredded (uly
2006) tyres, it is clear that there is need to increase recycling capacities and develop markets
for utilising recycled tyres. RUCONBAR project provides an opportunity to accelerate transit and
adoption period of these countries and reduce the gap between them and EU15 countries in the
field of noise pollution and waste tyres management (Figure 9).

RUCONBAR contributes to targeted
EU level of waste tyre reuse!

Figure 9 Tyre reuse percentage in EU15 and target region before and after the project
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6 Conclusion

Innovative and environmentally friendly concept of RUCONBAR is applicable in all Eu and
beyond but it is most applicable in those countries that have need for waste tyres manage-
ment and demand for noise protection barriers due to underdeveloped traffic infrastructure.
Every year about 3.4 million tonnes [9] of waste tyres are generated in Europe. In the EU1s,
only 5 % of waste tyres are uncontrollably disposed in landfills. In the 12 new EU member
states and Western Balkan, averagely 29 % of waste tyres are disposed in landfills, annually.
With the introduction of Eu Directive in those countries, which bans landfilling of whole (July
2003) and shredded (July 2006) tyres, it is clear that there is need to increase recycling capa-
cities and develop markets for utilising recycled tyres. RUCONBAR provides an opportunity to
accelerate transit and adoption period of these countries and reduce the gap between them
and EU15 countries in the field of noise pollution and waste tyres management. RUCONBAR
production in each country of these contributes jointly to the implementation of the Waste
Management which yields significant ecological benefits in reduction of noise pollution and
waste tyres disposal. Furthermore, it also contributes to economic growth and environmental
performance, all conformed to Lisbon strategy.
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