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2. List of keywords and abbreviations  

• AC-16: Reference mixture. 

• ADP Elem: Abiotic Depletion Potential (elements) that is measured in kg Sb eq 10-6. 

• ADP Fossil: Abiotic Depletion Potential (fossil) that is measured in MJ. 

• ADT: Average Daily Traffic. 

• AP: Acidification Potential that is measured in kg CO2 eq 10-4. 

• CIDAUT: Fundación CIDAUT. 

• CPX: Close Proximity Test.  

• DGI: Dirección General de Infraestructuras de la Consejería de Fomento, Infraestructuras y 

Ordenación del Territorio de la Junta de Andalucia. 

• DSC: Differential Scanning Calorimetry. 

• EIFFAGE: Eiffage Infraestructuras, S.A. 

• ELT: End of life tyres.  

• END: Environmental Noise Directive. 

• EP: Eutrophization Potential that is measured in kg phosphate eq 10-4. 

• FAETP: Freshwater Aquatic Ecotoxicity (elements) that is measured in kg DCB eq. 

• FTIR: Fourier-transform infrared spectroscopy. 

• GWP: Global Warming Potential that is measured in kg CO2 eq. 

• HTTP: Human Toxicity potential that is measured in kg DCB eq. 

• IRI: International Roughness Index. 

• LCA: Life Cycle Assessment. 

• MAETP: Marine Aquatic Ecotoxicity Potential that is measured in kg DCB eq. 

• MPD: Mean Profile Depth. 

• MTD: Mean Texture Depth. 

• NYLON: Nylon fibers from end of life tyres. 

• ODP: Ozone Layer Depletion Potential that is measured in kg R11 eq 10-11. 

• P REC: Plastic wastes. 

• PED: Primary Energy Demand that is measured in MJ. 

• PG3:  General Technical Specifications for Road and Bridge Works. 

• POCP: Photochemical Ozone Creation Potential that is measured in kg ethene eq 10-3. 

• SMA: Stone Mastic Asphalt. 

• SPB: Statistical By-Pass method.  

• TETP: Terrestric Ecotoxicity Potential that is measured in kg DCB eq. 
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3. Executive Summary 

LIFE SOUNDLESS project started on 15 September 2015 with the aim to demonstrate the 

effectiveness of innovative noise reducing asphalt mixtures (SMA-like thin layer) to mitigate 

acoustic contamination at source, using waste products from other industries, ensuring their 

durability and ultimately to encourage public bodies to integrate environmental aspects into 

their calls for tender in road construction. Hence LIFE-SOUNDLESS has been conceived as an 

effective solution to shape a sustainable and healthy future for urban areas. Resulting from the 

design of noise reducing asphalt mixtures in the laboratory, an implementation of these 

developed mixes was undertaken on a real scale on roads A-376 and A-8058, to demonstrate 

that the new LIFE-SOUNDLESS pavements are able to reduce noise from roads located in 

densely populated urban areas while maintaining low life cycle costs. On these roads the 

acoustic performance of the mixtures and its evolution over time was assessed.  

The actions developed during the reported period are described, explaining each partner´s 

responsibilities, main results, conclusions and special remarks indicating unexpected problems 

or delays. 

Action A.1. Previous study of the demonstration sites. The purpose of this action was to 

conduct a preliminary study of the areas of action to obtain a more precise vision of the acoustic 

environment. From the strategic noise maps provided by DGI, carried out in 2015, the initially 

proposed demonstration sites were studied. On the two selected sections the tests described in 

the proposal were performed. The main conclusion is that the initial noise levels are high, and 

the rolling noise predominates. EIFFAGE has carried out measurements of macrotexture, MPD 

and IRI in both sites. As a general conclusion of the superficial characterization carried out by 

EIFFAGE, it has been checked that there is a superficial damage of wearing course, more 

pronounced for Site 2 (A-376). This damage has a negative influence on noise generation. 

Action A.2. Review of new publications and experiences in noise reducing mixtures. The 

aim of this action was to select the latest and highlighted experiences about the project matter 

in order to detect new achievements in design of noise reducing pavements. The three partners 

have compiled documentation of several projects related to project topic. From the review of 

these projects, the study of the state of the art of the noise reducing pavements was carried.  

Action B.1. Design of noise reducing bituminous mixtures using different wastes. The aim 

of this action is the ad hoc design of noise reducing SMA with high durability using recovered 

waste, which improve the reduction of road noise at source. In total, 22 asphalt mixes were 

designed. Thus, the final criterion for selection of the mixtures was the acoustic performance. 

Mixtures with 0,5 % of NYLON and 1,5 % of ELT (6,5 % of bitumen) offered the best results 

from the point of view of mechanical behavior. 

Action B.2. Analysis of the acoustic performance of bituminous mixtures in test specimen. 

The aim of this action was to assess in the lab the performance of the mixtures designed through 

the following methods: mechanical impedance, texture and acoustic absorption. From a total of 

22 compositions studied, 5 different noise-reducing mixes were chosen to be implemented in 

both demonstration projects. This choice was based on analyzing the laboratory results in the 

mechanical characterization of the mixes (maximum density, apparent density, voids, water 

sensitivity, permanent deformation, etc.) and in their acoustic behavior (acoustic absorption test 

with Kundt tube and mechanical impedance test). 

Action B.3. Implementation of pilot demonstrations sites. For road A-8058 two SMA8 

mixes were selected, with different percentages of bitumen and rubber additive from end-life 

tyres (ELT): with 6% bitumen and 1% rubber and with 6.5% bitumen and 1.5% rubber. For 

road A-376 three types of SMA8 mixes were laid (with 1.0% of plastic waste, 0.5% of plastic 
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waste and 0.5% of rubber powder and with 0.5% waste nylon fibres from ELT). During 

execution of pilot demonstrators, EIFFAGE took samples of the mixes to characterize them 

through different tests. All mixtures of both demonstrators, except those incorporating nylon, 

meet Spanish requirements for asphalt mixes for wearing courses. Nevertheless, it has to be 

noted that the behaviour of the pavement with nylon under real traffic conditions has been the 

same as the other SOUNDLESS pavements. During laying of asphalt mixes, CIDAUT 

performed a characterization of the mechanical impedance of the mixtures at different 

temperatures. These different temperatures were obtained as the mixtures were getting cold.  

Action B.4. Monitoring of the acoustic performance of LIFE SOUNDLESS mixtures. 

After laying the different LIFESOUNDLESS mixes, 5 acoustic surveying campaigns has been 

conducted in both demonstrators: noise measurements according to the CPX, Close Proximity 

Method, and SPB, Statistical Pass-By Noise Method and  surface auscultation (macro-texture 

according to the MTD volumetric method and the profilometric (MPD) and road roughness  

using the International Roughness Index (IRI) every 6 months. It was expected to achieve an 

acoustical improvement of 3 DB with respect to reference section and acoustic improvements 

around 6 dB with respect to former pavement. Noise reductions with respect to reference section 

were achieve for all the mixes studied, while noise reductions with respect to former pavement 

were achieve for the following mixtures in demonstration section A-376: SMA8 with 1.0% of 

plastic waste, and SMA 8 with 0.5% of plastic waste and 0.5% of rubber powder. 

Action B.5. Pre-normative study to standardize the implementation of LIFE 

SOUNDLESS mixtures.  

This activity aimed to achieve a pre-normative document that shows the requirements of silent 

pavements. So far, in this action data have been collected and CIDAUT has gone to meetings 

of standardization committees. The main conclusion of these meetings and data is that there is 

a risk that the regulations that will be established cannot be transferred directly to the 

Mediterranean countries, such as Spain, and validated and well-documented results, such as 

those being analyzed in LIFE SOUNDLESS, are needed to take into account the particularities 

of the Mediterranean countries. A report titled “PROPUESTA PARA LA EVALUACIÓN DE 

PRESTACIONES ACÚSTICAS EN PAVIMENTOS SONOREDUCTORES.” has sent to the 

committee AEN/CTN41/SC-2/GT5. This document may be the germ of a new Spanish 

regulation that allows the evaluation of noise attenuation on roads. A second document about 

the real experience achieved in LIFE SOUNDLESS has been done with technical 

recommendations for the design, manufacture and paving of these types of asphalt mixes that 

could encourage its progressive introduction in new projects by public administrations and 

private promoters 

Action C.1. Life cycle assessment. Environmental impact monitoring. To evaluate the 

environmental impact by means of Life Cycle Assessment (LCA), CIDAUT used the 

commercial software GaBi 4 (PE Europe GmbH, 2008) and its Professional database, in 

addition to data generated ex process in LIFE SOUNDLESS project. Asphalt mixtures 

developed within the LIFE SOUNDLESS present a lower environmental impact with respect 

to the two references mixtures (SMA and AC16). Environmental impact of the LIFE 

SOUNDLESS mixtures is quite similar. However, slight differences can be seen due to the 

different bitumen content and percentages of recycled materials.  

Action C.2. Socioeconomic impact monitoring. In this action, an economic evaluation, 

including environmental and health costs, of the LIFE SOUNDLESS pavements was carried 

out. The costs of SOUNDLESS asphalt mixtures regarding the SMA and AC16 references are 

significantly lower. 
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Action C.3. Study of LIFE-SOUNDLESS replicability potential in other European cities. 

In order to replicate LIFE SOUNDLESS in other cities, preliminary noise studies were done, 

to determine if road noise was the predominant source. Nine sites have been analyzed, all of 

them in the South of Spain. They were selected taking into account the Strategic Noise Maps 

and citizen complaints. All of them have similar characteristics to LIFE SOUNDLESS 

demonstration sites. As a conclusion of the studies done, it can be said that LIFE SOUNDLESS 

asphalt mixtures are likely to be replicated in these sites. 

Action D.1. LIFE SOUNDLESS website. The webpage is available at this domain  

https://www.juntadeandalucia.es/organismos/fomentoinfraestructurasyordenaciondelterritorio/

areas/infraestructuras-viarias/proyecto-life-soundless.html and it was updated during the Project. 

Action D.2. Information boards. Two Information Boards with information about the project 

were placed in each of the demonstration sections (A-376 and A-8058). One of them, with a 

bigger size, located on the side of the road and another one, smaller, located on a place with 

pedestrian access. 

Action D.3. Layman’s Report. The objective of Layman’s Report is to provide a general and 

brief overview of the project and its outcomes. The report is targeted at non-specialist audience 

and serves to inform to decision-makers and non-technical parties of the project objectives and 

results. Layman’s Report is available at website.  

Action D.4. Definition and Implementation of LIFE SOUNDLESS dissemination plan. An 

effective dissemination plan was implemented for all partners, making the project and its results 

known in different forums. 

Actions E1, E2 and E3. Project Management. The Kick of Meeting was held on September 

2014. Additional progress meetings were kept at the facilities of the different partners or by 

teleconference according to the dates planned. Every four-six months the associated 

beneficiaries sent to the coordinator all the financial information and the corresponding 

technical deliverables for Project monitoring. 

Action E4. Life + Networking. Networking activities were carried out in all events 

(congresses, technical conferences, etc.) attended by the partners. A section was created on the 

website, called friend projects, to facilitate networking with these projects. Furthermore, a 

forum for networking was created on website for enabling the exchange of interests, 

recommendations, opportunities, and so on. However, there was almost no participation in this 

forum. 

4. Introduction 

The two main environmental problems addressed by LIFE SOUNDLESS are the following: 

• Noise in densely populated areas. Nowadays, noise pollution is one of the most damaging 

agents to the inhabitants of the urban areas, significantly affecting the quality of life of 

citizens through their direct and indirect effects on health. There is an overall agreement 

that, among the different means of transport that mostly contribute to environmental noise, 

80% of noise pollution generated in cities is due to road traffic. 

• Need for recycling and re-use of waste from different industries. LIFE-SOUNDLESS 

wanted to contribute to boost the waste management by re-using plastic waste, rubber from 

end of life tyres (ELT) and nylon fibers from ELT. 

Accordingly, LIFE-SOUNDLESS aimed to demonstrate the effectiveness of innovative 

noise reducing asphalt mixes (SMA thin layer), using waste products from other 

https://www.juntadeandalucia.es/organismos/fomentoinfraestructurasyordenaciondelterritorio/areas/infraestructuras-viarias/proyecto-life-soundless.html
https://www.juntadeandalucia.es/organismos/fomentoinfraestructurasyordenaciondelterritorio/areas/infraestructuras-viarias/proyecto-life-soundless.html
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industries, to mitigate acoustic contamination at source ensuring their durability and 

ultimately to encourage public bodies to integrate environmental aspects into their calls for 

tender in pavement construction. Hence LIFE-SOUNDLESS was conceived as an effective 

solution to shape a sustainable and healthy future for urban areas. Moreover, LIFE-

SOUNDLESS aimed to validate a feasible initiative to valorize rubber, plastic and fiber waste 

and to facilitate a new and wider market for these waste materials. 

In order to evaluate the behavior of LIFE-SOUNDLESS asphalt under different traffic 

conditions, two pilot sites were developed:  

a) Urban scenario: A-8058 Road. The characteristics of this location are: Low speed, low 

percentage of heavy traffic and medium ADT (Average Daily Traffic) (Around 30.000 

vehicles/day). In this pilot section, two different mixes were laid: right roadway (SMA8 

with a percentage of bitumen of 6% and 1% of rubber (equivalent to 17% of rubber on 

bitumen)) and left roadway (SMA8 with a percentage of bitumen of 6,5% and of 1,5% of 

rubber (equivalent to 23% of rubber on bitumen)). 

b) Peripheral scenario: A-376 Road. The characteristics of the location are: High ADT 

(Around 80.000 vehicles per day), medium speed (Between 70 and 80 km/h) and 

percentage of heavy traffic greater than the common one in urban areas (Near 5%). In this 

pilot section, three different mixes were laid: right roadway (SMA8 with a percentage of 

1% of plastic waste), left roadway (SMA8 with  0,5% of plastic waste and 0,5% of  ELT) 

and service road (SMA8 with 0,5% of recycled nylon fibres). 

To characterize the acoustic behavior of both tracks, two different measurements were done: 

Close Proximity Method (CPX) and Statistical Pass By (SPB). The measurements have been 

carried out before laying the new mixtures (for getting an evaluation of the current asphalts), 

and when the asphalt works have finished. To assess the durability of acoustic performance, 

these measurements were repeated every 6 months. Final measurements were carried out 24 

months after mixtures laying. Later, a pre-normative study was carried out to standardize LIFE-

SOUNDLESS mixes. Finally, the environmental impact was quantified by means of a Life 

Cycle Analysis, the effect of the project on the society was monitored and a set of 

recommendations were developed to use LIFE-SOUNDLESS mixes. These recommendations 

could be used not only in Spain but in other countries with climate like Spain. 

Moreover, nine Spanish roads from the Mediterranean regions have been selected in order to 

assess if these mixes could be placed. The replicability studies have been selected in Spanish 

Mediterranean cities because the contact with the administration owners of the roads has been 

easier.  

It was expected that LIFE-SOUNDLESS mixes provide a reduction of at least 3 dB in noise 

level regarding to a new reference surface type AC16, both in close proximity and overall noise 

and a reduction of at least 6 dB in noise level over initially situation presented in the 

demonstrative sections. Noise reductions with respect to reference stretch were achieve for all 

the mixes studied, while noise reductions with respect to former pavement were achieve for the 

following mixes in demonstration section A-376: SMA8 with 1.0% of recycled plastic, and 

SMA8 with 0.5% of plastic waste and 0.5% of rubber. Thus, LIFE-SOUNDLESS will reduce 

the traffic noise in the vicinity of high-density population areas, preserving the health of the 

neighbors and therefore reducing the costs of medical care associated. Moreover, 4,39 tons of 

plastic waste, 1,25 tons wastes of nylon fibers from end-of life tires and 11,40 tons of rubber 

wastes from end-of life tires have been recycled, contributing to reduce the environmental 

impact of road construction along its entire lifecycle by breaking new grounds to waste and 

recycled materials reuse. 
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The results of the LIFE SOUNDLESS project are expected to contribute to achieving the 

European Union's environmental objectives. LIFE-SOUNDLESS will contribute to the 

development of noise reduction measures into environmental programs, strategies and policies. 

LIFE-SOUNDLESS is expected to make a valuable contribution to the implementation of 

Environmental Noise Directive (2002/49/EC) principles by helping competent authorities to 

define concrete action plans to reduce noise and to develop a long-term EU strategy, which 

includes objectives to reduce the number of people affected by noise in the longer term, and 

provides a framework for developing existing Community policy on noise reduction at source. 

Moreover, LIFE-SOUNDLESS also intends to valorize and re-use plastic waste and rubber and 

fiber waste from end-of-life tires (ELT). Therefore, it guarantees the principle of the Waste 

Framework Directive 2008/98/EC on respecting the priority given to re-use, recycle and recover 

avoiding or reducing any impact on the environment. Furthermore, Plastic Waste Green Paper 

(COM (2013) 123) indicates that the future European Strategy on Plastic Waste should, from a 

resource efficiency perspective, focus on preventing land filling of plastic waste. Thus, LIFE-

SOUNDLESS mixtures will contribute to increasing the plastic recycling rates. 

5. Main Activities 

 
Action A1. Previous study of the demonstration sites 

The aim of this action was to have an accurate picture of acoustic environment on the two 

demonstration sites and provide the required information needed to carry out the subsequent 

activities.  

The following sub-actions were carried out: 

A.1.1 Analysis of other acoustic information available by Administrations of the 

demonstration sites. From the strategic noise maps provided by DGI, carried out in 2015, the 

initially proposed demonstration sites were studied. These maps allow to obtain a picture of the 

yearly average noise levels in the main sources of noise which exceed a certain value set by the 

directive. In addition, to select the demonstration sites, not only the noise levels have been taken 

into account, but also the people affected by noise pollution due to traffic.  

Moreover, the number of neighbourhood complaints due to noise annoyances associated with 

traffic were also studied. More than 20 complaints were received in DGI since 2008 from both 

sites. 

A.1.2. Preliminary measurements of noise pollution using fixed stations. Preliminary 

measurements of noise pollution using fixed stations were carried out in both demonstration 

sites. In Site 1(A-8058), three fixed stations, placed in the selected sections, monitored the noise 

pollution for 24 hours. Not only noise levels have been studied but also noise spectrograms 

where noise frequencies could be easily detected. Noise frequencies are important to establish 

the predominating type of noise in the roads. Frequencies of 1000 Hz were dominant, which 

are typical of rolling noise. In Site 2 (A-376) three measurement stations were placed. Also, 

frequencies of 1000 Hz were dominant. 

A.1.3. Acoustic characterization of demonstration sites.  

A1.3.1. Statistical By-Pass method. (SPB) 

SPB tests were carried out by CIDAUT. This test is used to characterize the noise of the whole 

traffic. Backing Board variant, which applies in urban environments, was used. The SPB values 

obtained for every site were: 
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• Site 1 (A-8058): 79.5 dBA @50km/h (73 dBA once the value is normalized). 

• Site 2 (A-376): 83.2 dBA @50km/h (77 dBA once the value is normalized). 

 

A1.3.2. Close Proximity Test. (CPX) 

CPX (self-propelled vehicle) tests were carried out by CIDAUT. This test is used to characterize 

the rolling noise in proximity. Site 1 (A-8058) was characterized at 50 km/h and Site 2 (A-376) 

at 50 and 80 km/h. Tests were performed in both directions. The summary of the values obtained 

are shown in the following table:  

 CPX (dBA) at 50 km/h CPX (dBA) at 80 km/h 

Site 1(A-8058) 93 - 

Site 2 (A-376) 95 104 

The main conclusion of this task is that the initial noise levels are high and the rolling noise 

predominates. The new pavements should reduce the noise levels to 89-90 dBA for 50 km/h 

and 97 dBA for 80 km/h in the CPX tests. 

A.1.4. Superficial characterization of demonstration sites. 

EIFFAGE carried out measurements of macrotexture in both sites using sand patch method 

according to UNE EN 13036-1. Generally, macrotexture values fulfilled the prescriptions of 

the Spanish Normative. However, the measured macrotexture was positive, which goes against 

the reduction of rolling noise. The macrotexture values were in line with what was expected 

since they were pavements with several years of service and subjected to high ADT. 

In addition, EIFFAGE carried out Texture monitoring (MPD: Mean Profile Depth) and IRI 

(International Roughness Index) determination in both sites using its auscultation vehicle. The 

results showed that Site 1 (A-8058) did not fulfill one of the acceptance criteria according to 

Spanish Standards (PG-3). Moreover, Site 2(A-376) did not fulfill any of the three acceptance 

criteria.  

As a general conclusion of the superficial characterization carried out by EIFFAGE, it was 

checked that there was a superficial damage of wearing course, more pronounced for Site 2 (A-

376). This damage has a negative influence on noise generation. Once the new mixes with 

soundless properties were applied, the sites were characterized again, and a comparative was 

made to know how superficial regularity affects to noise generation. In addition, for separating 

the noise improvement due intrinsically to the new SMA mixes and due to improvement of 

surface condition of pavement (any new asphalt mix reduces roughness and positive 

macrotexture), a reference section with a conventional asphalt mix was laid.  

Comparing the results expected in the proposal with those obtained after this activity, it could 

be stated that the objectives of this activity were fulfilled: an accurate picture of acoustic 

environment in which to act and to get the enough information to carry out the subsequent 

activities. 

 

Action A2. Review of new publications and experiences in noise reducing mixtures 

The aim of this action was to select the latest and highlighted experiences about the project 

matter in order to detect new achievements in design of noise reducing pavements 

The following issues were taken into account in the State of the Art: current problems of noise, 

bituminous mixtures characteristics, requirements to be met by pavements, parameters that 

affect noise, methods for acoustic characterization, types of noise reducing pavements and 
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actions in maintenance. Several and important conclusions were obtained and will be taken into 

account in LIFE SOUNDLESS project: Acoustic properties of road surfaces change over time 

and tends to degradation; Depending on the road surface type, different ageing effects were 

found; Knowledge of the long-time performance of the pavements is necessary to enable serious 

noise protection planning; Degradation of the acoustic properties of the pavements is in some 

cases non-linear. 

Most of the experiences are focused on the north of Europe, where the weather is quite different 

to the south of Europe3. Policies are more developed as well in north of Europe. Among others, 

the following projects have been reviewed: SIRUUS, SILVIA, SILENCE, Qcity, PERSUADE, 

FENIX, NOISEFREETEX, LEOPOLDO, ROSSANE.  

Recycled materials in pavement mixtures were found in a literature review. Knowledge about 

plastic, nylon and rubber from ELT materials are obtained and their possible advantages are 

known, but, in SOUNDLESS project, different quantities on SMA pavements have been 

investigated. Nylon fibers keep bitumen in the pavement, reducing the filler quantity as well as 

modifying the pavement impedance. In case of rubber from ELT, for example, there are studies4 

about SMA8 with 0.5% by weight of rubber, where the importance of the dynamic stiffness can 

affect levels of noise of tread and parameters as the macrotexture of the layer and acoustic 

absorption. The present SOUNDLESS project has increased the rubber from ELT content in 

SMA pavements over 1%. 

The objective of this action was achieved since the state of the art in this area was updated with 

the most recent projects, being more than 125 references reviewed.  

 

Action B1. Design of noise reducing bituminous mixtures using different wastes 

The aim of this action was the ad hoc design of SMA type noise reducing mixtures with high 

durability using valued wastes which improve the reduction of road noise at the source.  

In the Task B.1.1: Design stage (formula definition), EIFFAGE designed different mixtures 

using several wastes (plastic waste from intensive farming (P REC-1), rubber from end of life 

tyres (ELT), nylon fibers from end of life tyres (NYLON)) in order to evaluate their properties 

for noise reduction and structural consistency. Industrial rubber wastes from automotive sealing 

industry, which were initially contemplated, were not studied because EIFFAGE didn’t find 

anybody who crushes the rubber to the desired size for preparing the mixtures. Due to the rise 

in the price of plastics from greenhouses, it was decided to search other cheaper alternatives of 

recycled plastics. In this case, PREC-2, PREC-3, PREC-4 and PREC-5 were analysed. Plastics 

from agricultural presented higher costs than modified bitumen and, it would not make sense 

to pay more for a waste than for modified bitumen of high-performance. P-REC 2 and P-REC 

5 were plastic waste from electrical wiring and P-REC 3 and P-REC 4 were plastic waste from 

masterbatches.  

In total, 23 mixtures were designed: 4 reference (1 AC16 and 3 SMA8); 2 with greenhouse 

plastic (0.5% -1%); 2 with wiring plastic (0.5% -1%); 2 with nylon (0.2% -0.5%); 6 with ELT 

(0.5% -1% -1.5% -2%) (several % bitumen); 1 with ELT and wiring plastics (0.5% + 0.5%); 2 

with ELT and plastic greenhouse (0.5% + 0.5% - 1% + 0.5%); 2 with plastic masterbatch (1.0% 

- 1.0%); 2 with plastic wiring (different origin) (0.5%, 1.0%). 

 
3 Use of noise reducing pavements. European experience (2008).Danish Road Institute Technical note 69-2008 
4 In situ measurement of the dynamic stiffness of a mixture SMA8 (ELT) in urban road. Influence on cataloguing 

as MBSR. ASEFMA. COMMUNICATION 21 (2015) 
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First, the materials were characterized (aggregates, bitumen, wastes, etc.). Later, the design, 

manufacturing and characterization of the mixtures in laboratory scale were carried out by 

EIFFAGE. A bituminous mixture type AC16S with conventional bitumen type 35/50 and a 

SMA type bituminous mixture with polymer modified bitumen (PMB 45/80-65) were used as 

references. For the formulation of mixtures type SMA8, a composition that ensured a void 

content greater than 12% (open particle size) was chosen to guarantee a negative macrotexture. 

The mixtures were designed and evaluated sequentially, as new recycled materials were 

available. 

Incorporation of 2% of wastes (ELT) was not initially contemplated but technical viability of 

the incorporation of a higher % of ELT waste to the mixture was evaluated to maximize the 

valorization of this kind of waste. The mixtures with high percentage of rubber powder (over 

1%) were too stiff. For this reason, it was decided to increase the content of bitumen to 6% for 

1% of ELT and 6,5% for 1,5 %. For plastic mixtures, it was observed that the acoustic results 

of the mixture of P REC-2 with ELT were good but not fulfils mechanical PG-3 requirements. 

For that reason, it was decided to combine P REC-1 with ELT. Therefore, we extended the 

study with other mixtures. 

All the mixtures, except those that include P REC-2, fulfilled the requirements that Spanish 

normative (PG-3) requires for bituminous mixtures in wearing courses, in terms of voids, water 

sensibility and resistance to permanent deformations. Thus, the final criterion for selection of 

the mixtures was the acoustic performance (shown in the following action) since mechanical 

performance was guaranteed in all the mixtures. However, mixes with 0,5 % of NYLON and 

1,5 % of ELT (6,5 % of bitumen) offered the best results in terms of this mechanical 

performance. 

Finally, an exact knowledge about recycled materials properties is needed, especially when 

pavements are manufactured. So, a recycled material characterization was performed, firstly by 

FTIR and DSC (Differential Scanning Calorimetry) and then, by dynamic rheology. Thanks to 

the FTIR, the type of material can be compared with a reference graph in order to know the 

type of material and its purity. DSC, in addition to confirm the obtained by FTIR, was useful 

to know the temperatures in which the material melts and if a homogeneity mixture is able to. 

 
 

Figure 1. On the left, a FTIR image where upper figure is the reference graph and the lower is the test 

result in the case of a wire plastic. On the right, a DSC test where a melting point is shown. 

Dynamic rheology was very useful in order to know the viscosity of the recycled material at 

manufactured temperature, around 160ºC. The less viscosity, the more homogeneity mixture is 

obtained. Recycled wire was the least viscosity, and “all plastic” in general terms. 

A study of bitumen mixture with recycled material proportions used in SOUNDLESS project 

was performed for knowing how affects recycled material in the mixture. From the pavement 

specimens, bitumen mixture was recovered according to the standard UNE-EN 12697-3 

(Bituminous mixtures- Test methods for hot mix asphalt- Part3: Bitumen recovery: Rotary 
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evaporator). Several representative mixtures were chosen: Mixture 5: bitumen with greenhouse 

plastic (1%); Mixture 7: bitumen with electrical wire (1%); Mixture 9: bitumen with 0,5% 

nylon; Mixture 12: bitumen with 1,5% ELT. 

Mixture properties were analyzed by dynamic rheology at 25 and 50ºC. The following 

parameters were analysed: viscosity, storage modulus, loss modulus, phase angle (damping). 

The storage modulus measures the stored energy, representing the elastic portion, and the loss 

modulus measures the energy dissipated as heat, representing the viscous portion. From the 

results it was concluded that the mixture with plastic waste from electrical wire had the best 

values of storage modulus and damping in the range of temperatures of pavement. Also, it has 

lower viscosity during the process of manufacture. In spite of everything, its loss modulus and 

its viscosity are the lowest at layered temperature range. Asphalt mix with 1% of plastic waste 

from greenhouse was shown as the most homogeneous values and asphalt mix with 1,5% of 

rubber as having a larger loss modulus. 

Once the formulas were ready, the manufacturing stage (Task B1.2.) and the industrial 

validation (Task B1.3.) were performed. Prior to the manufacture of the mixtures and their 

laying in demonstratives, an industrial validation was made to verify that everything was 

working properly and thus to avoid possible problems the days of the execution of the 

demonstration sections. For that, batches of the new asphalt mixes were fabricated in the asphalt 

plant at industrial scale and samples were taken to carry out a previous characterization 

according to the specific standard UNE-EN 12697. In addition, the correct dosage of the wastes 

was checked. 

 

Action B2. Analysis of the acoustic performance of bituminous mixtures in test 

specimens 

The aim of this action was to carry out tests for an acoustic validation of these asphalt mixes, 

by analysing specimens of them.  

Three different measurements were carried out for every mixture (except on the last 8 mixtures, 

in which only mechanical impedance was measured, since it was seen that it was the main 

parameter for the study of the noise level). The tests were oriented to the selection of bituminous 

mixtures considering acoustic parameters.  

• Mechanical impedance. This method measures the stiffness of the pavement and gives an 

idea of the type of contact between pavement and tyre and, thus, the easy for exciting the 

vibrations in the tyre which cause the sound. The main parameters measured are the 

resonance frequency, young module and damping. The young module is related to the 

aggressiveness with which the pavement excites the wheel and therefore to the radiant 

modes of it. A high value of this module would imply a greater propensity to the generation 

of noise. At lower value of this module, less capacity of excitation of the wheel will have 

the pavement.  

• Texture. The aim of this test is to determine the average depth of the macrotexture of the 

surface of a pavement by applying a known volume of material on the surface and the 

subsequent measurement of total area covered. Macrotexture was measured by MTD 

volumetric method (Mean Texture Depth). The procedure is normalized by the standard EN 

13036-1:2000. For noise reduction negative and medium texture is preferred. The results of 

macrotexture were carried out for the first 15 mixtures analyzed. For the rest of the mixtures 

these tests were not made because in the additional specimens we were only interested in 

analyzing mechanical impedance, since it was seen that it was the most determinant 
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parameter for the selection of the definitive mixtures. No acoustic absorption or 

macrotexture was measured on these specimens. It can be verified, from the results obtained, 

that the samples present different degrees of macrotexture, although all very similar. This 

parameter is strongly dependent on the execution of the test specimen, so it will be not one 

of the main criteria when selecting the optimal mixture.  

• Acoustic absorption. This method allows to measure the absorption coefficient of a surface 

versus normal incidence of sound and thus to evaluate the sound absorption properties of a 

pavement. According to its definition this coefficient has values between 0 and 1. For an 

absorbent material, acoustic absorption values are close to unity, while for a reflective 

material these values are close to zero. The absorption measurement is carried out using the 

Kundt tube and is based on a standard procedure set out in the standard EN ISO 10534-2: 

2001. The analyzed samples didn’t present a high absorption coefficient. Most of mixtures 

showed values less than 0.1 for the entire frequency spectrum. Only one of the mixtures 

showed values close to 0.2. The main conclusion is that acoustic absorption is not one of the 

main characteristics for noise reduction. 

To sum up about the results of the tests performed, a moderate reduction of elastic modulus 

(higher reductions decrease pavement durability) and the highest damping coefficient are found 

the best criteria to define, initially, a soundless pavement. Literature search showed that selected 

recycled materials improve bitumen properties and thus increase the durability of the 

pavements. Terms as viscosity at manufacture temperature should be the lowest and at layered 

pavement the highest. Finally, the results of the mechanical impedance test reveal that small 

increments of bitumen in the mixture avoids stiffening when recycled materials are used.  

After the analysis of the results obtained in Actions B1 and B2 the following mixtures were 

defined for demonstrations sites: 

• Demonstration site 1: A-8058. 

o SMA8 50/70 with 1% ELT with 6 % bitumen 

o SMA8 50/70 with 1,5% ELT with 6,5 % bitumen 

• Demonstration site 1: A-376. 

o SMA8 50/70 with 0,5% NYLON 

o SMA8 50/70 with 1% P REC-4 

o SMA8 50/70 with 0,5% P REC-4+0,5 % ELT 

o Reference mixture: AC16 surf 35/50 S 

Action B3. Implementation of pilot demonstration sites 

The objectives of this action were to draft the construction projects and laying the selected 

mixtures in two demonstration sites. In this action, several "in situ" visits to the demonstration 

sections were held in order to select the start and end of each of them (kilometric points), as 

well as the units to be included in the project. Moreover, an evaluation of the superficial 

condition of the road for both sites was carried out with the objective of define the works needed 

before laying the mixture.  

DGI commissioned to a specialized company the collection of topographic data. This collection 

was performed by Mobile Mapping in the demonstration sites.  

Later, the construction projects were drafted. The construction projects were completed in May 

2016. 

Subsequently, DGI tendered the laying of the chosen mixtures in demonstration sites. The 

contracting was carried out by the auction procedure, included in consolidated text of the Law 
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on Contracts of the public sector approved by RDL 3/2011, November 14. In order to comply 

with administrative procedures, the execution of the works was significantly delayed from the 

expected start date. 

The works in section A-376 were executed at the end of April 2017, while in section A-8058, 

they were done in the beginning of May 2017.  

Site 1: A-8058 

 

Figure 2. Mixtures used in A-8058 [Blue: SMAS+1.5%ELT (6.5% bitumen), Yellow: SMA8+1,0% ELT 

(6,0% bitumen)] 
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Site 2: A-376: 

 

 
Figure 3. Mixtures used in A-376 [Red: AC16 surf ref, Blue:  SMA8 0,5% ELT + 0,5% PREC, Green: 

SMA8 1,0% P`REC, Yellow: SMA8 0,5% nylon] 

Finally, during execution of pilot demonstration, EIFFAGE took samples of the mixtures to 

characterize them through different tests. The results in situ were compared with the results 

obtained in the laboratory. As an example, the results obtained for the mixtures SMA8 with 

1,5% ELT (A-8058) and with 0,5% plastic waste and 0,5% of ELT (A-376) are shown (Table 

1 and Table 2).  

  

SMA8 
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Table 1: Results of SMA8 50/70 with 0,5% ELT and 0,5% of recycled plastic (A-376). 

Type of mixture 
Method SMA 8 Ref SMA 8 Lifesoundless 

 Laboratory Laboratory Test section 
M

at
h

er
ia

ls
 Type of coarse aggregate  Ophitic Ophitic 

Type of fine aggregate  Limestone Limestone 

Type of bitumen  45/80-65 50/70 

Type of waste  -- P REC-4 + ELT rubber 

Waste (%)  -- 0,5 + 0,5 

C
h

ar
ac

te
ri

st
ic

s
 

Grading 

UNE EN 12697-2 

%  %  

11,2 100 100 100 

8 100 100 100 

4 28 27 25 

2 23 21 18 

0,5 14 12 12 

0,063 8,1 6,1 8,1 

F/B ratio  1,4 1,0 1,2 

Drainage (%) UNE EN 12697-18 0,2 0,1 0,2 

Mixture voids (%) 

UNE EN 12697-8 

12,7 10,6 11,8 

Aggregates voids (%) 25,3 23,2 25,9 

Voids filled (%) 49,7 54,2 54,5 

Lost of particles (%) 

UNE EN 12697-17 

1,7 5,9 6,4 

Wet lost of particles (%) 2,4 4,6 4,7 

Lost of particles at 5ºC (%) 4,3 8,5 10,5 

ITSR (%) UNE EN 12697-12 90,0 90,0 85,4 

WTS 

UNE EN 12697-22 

0,03 0,01 0,03 

RD (mm) 1,1 0,9 1,1 

PRD (%) 4,1 3,7 4,4 
 

Table 2: Results of SMA8 mixture with 1,5% ELT (A-8058). 

Type of mixture 
Method SMA 8 Ref SMA 8 Lifesoundless 

 Laboratory Laboratory Test section 

M
at

h
er

ia
ls

 

Type of coarse aggregate  Ophitic Ophitic 

Type of fine aggregate  Limestone Limestone 

Type of bitumen  45/80-65 50/70 

Type of waste  -- ELT rubber 

Waste (%)  -- 1,5% 

C
h

ar
ac

te
ri

st
ic

s
 

Granulometría 

UNE EN 12697-2 

%  %  

11,2 100 100 100 

8 100 100 100 

4 28 28 27 

2 23 22 19 

0,5 14 13 13 

0,063 8,1 7,2 7,5 

F/B ratio  1,4 1,0 0,9 

Drainage (%) UNE EN 12697-18 0,2 0,1 0,1 

Mixture voids (%) 

UNE EN 12697-8 

12,7 8,0 10,9 

Aggregates voids (%) 25,3 22,7 27,8 

Voids filled (%) 49,7 64,9 60,8 

Lost of particles (%) 

UNE EN 12697-17 

1,7 2,1 3,1 

Wet lost of particles (%) 2,4 2,4 3,1 

Lost of particles at 5ºC (%) 4,3 4,5 6,7 

ITSR (%) UNE EN 12697-12 90,0 95,8 84,0 

WTS 

UNE EN 12697-22 

0,03 0,02 0,03 

RD (mm) 1,1 1,0 1,0 

PRD (%) 4,1 4,0 4,0 
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All mixtures of both demonstrators met Spanish specifications except that incorporating nylon 

for rutting resistance test. On the road A-8058 the mixture that presented a better mechanical 

behavior is the one that incorporates 1.5% of rubber powder from ELT. In A-376 road, the best 

performance corresponded to the mixture that combines 0.5% recycled plastic + 0.5% rubber 

powder from ELT. 

During laying the pavement, CIDAUT tested the mechanical impedance of the mixtures at 

different temperatures. These different temperatures were obtained as the mixtures were getting 

cold. The following table shows the results obtained. In relation to the mechanical impedance, 

the mixture with plastic is the one that has offered worse results, although its scatter was the 

lowest. Besides, these measurements will help us to follow the ageing process of the pavements 

in future measurements by viewing how Young Modulus changes. This parameter allows us to 

understand the pavement status related to the rolling noise. 

Broadly speaking, scatter is higher at low temperatures, so it is expected variability between 

summer measurement periods and winter measurement periods if they are compared. 

Table 3: Results of Young Modulus for the different mixtures 

 

Comparing what was planned in the proposal with the results obtained after this activity, it 

could be stated that the objectives of this activity were fulfilled: although with a significant 

delay respect the original date, due to administrative procedures, the pilot sections with LIFE 

SOUNDLESS mixes were successfully constructed. 

The results achieved in the project are: 

• Both test tracks were projected and build according specification and studies carried out 

in Soundless project. 

• 1.25 tons of wastes of nylon fibers, 14.63 tons of industrial rubber wastes and 11.23 tons 

of plastic waste from masterbach industry have been re-used. 

• Near 3000 is the people estimated which have improved their life quality due to the 

noise level reduction. From those, near 2000 were people out of the non-allowed levels 

by Noise directive.  

• Approximately 71 tons of aggregates has been reduced in Life Soundless project if it is 

compared with a paving of the same surface with AC 16 surf. 

• The figures in relative terms for the use of recycled materials are: 1.8 Kg/m2 for nylon 

fiber, 0,44 kg /m2 pavement for plastic waste and 0.98 kg/m2 for ELT rubber. 

 

Action B4. Monitoring the acoustic performance of the SOUNDLESS mixtures 

This action was necessary to evaluate the success of the mixtures to reduce the noise, as well 

as their durability. Five measurement campaigns were carried out: May 2017, October 2017, 

May 2018, October 2018 and May 2019.  

Temperatura Media DESVEST Media DESVEST Media DESVEST Media DESVEST Media DESVEST 

24 341.93 60.00 295.36 54.08 274.31 50.00 386.10 20.00 355.24 65.47

40 336.52 45.93 287.54 60.34 203.15 38.30 233.35 50.40 423.60 57.53

60 190.72 26.98 120.47 42.13 201.32 50.38 58.74 8.54 155.50 60.92

80 115.44 16.97 85.28 22.87 154.14 46.74 34.02 4.34 156.06 62.54

100 95.25 17.65 0.00 0.00 98.61 41.74 0.00 0.00 0.00 0.00

SMA 8 Plástico 0.5% & NFU 0.5%

Módulo de Young

SMA8 6.5% betún  1.5%NFU

A-8058  Coria -Sev A-8058  Sev-Coria

SMA8 6% BM  1%NFU

A-376 VIA SERVICIO

SMA 8 Nylon

A-376 Sev-Utrera A-376 Utrera-Sev

SMA 8 Plastico 1%
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Task B.4.1. Measurement of acoustic indicators. 

The noise-reducing pavements are considered a way for solving in the source of the noise the 

acoustic contamination. The best sound indicators measurements to assess the benefit produced 

by its implementation are calculated taking into account noise emission levels.  

First of all, the two different standardised methods for evaluating the sound indicators 

measurements are presented. Both of them are noise emission levels.  First method is the CPX 

method, that allows to evaluate in the best way the road noise (road noise is only one of the 

contributions to traffic noise and may be dominant or not). This method when is applied in 

comparative way, allow to get acoustic attenuation of the road. In the Soundless project two 

comparisons were done (one respect previous situation of the project; and other respect 

reference pavement AC 16 surf). Second method is the SPB method that allows to measure the 

global traffic noise (road noise also). When the road noise is dominant in the traffic noise this 

method gives an idea of the potential attenuation achieved with pavements, including aspects 

as transmission which are not well evaluated in the CPX method.  

CPX 

A first analysis of the acoustic indicators was made with CPX values which were obtained from 

the different measurement campaigns. In the following tables results obtained by CPX in the 

different demonstration section can be seen. 

Table 4. Results of CPX measurements 

ROAD Composition 

Average CPX (dBA) 50 Km/h Average CPX (dBA) 80 Km/h 

Campaign Campaign 

Initial 1 2 3 4 5 Initial 1 2 3 4 5 

A8058 

Sevilla 

to 

Coria 

SMA 08 1% 

ELT 
92.2 89.8 90.1 89.7 90.6 90.8       

A8058 

Coria 

to 

Sevilla 

SMA 08 1,5% 

ELT 
93.3 88.7 89.6 89.3 90.4 90.7       

A376 

service 

road 

SMA 08 0,5% 

Nylon fibers 
94.6 90.7 90.6 90.9 92.2 91.1       

A376 

Sevilla 

to 

Utrera 

SMA 08 1% 

Prec-4 
96.1 91.4 90.7 91.3 92.4 92 104.2 96.9 96.4 97.3 98.4 98.5 

A376 

Utrera 

to 

Sevilla 

SMA 08 0,5% 

Prec-4 + 0,5% 

ELT 

94.6 90.8 90.3 91.1 92 91.5 104.1 96.9 96.3 97.3 98.3 98.4 

A376 

Utrera 

to 

Sevilla 

AC16 SURF 

reference 
94.6 92.9 93.4 94.5 95.3 95.5 104.1 101.4 100.8 101.8 102.6 103.2 

 

After paving with the new asphalt mixes, the noise attenuation achieved for every kind of 

asphalt has been assessed against the previous pavement that was laid in the road and also 

against a standard mixture like AC surf 16. The following tables show the noise attenuation 

achieved in every test track after laying the mixtures. In every table a colour code is employed 

in order to identify if the noise attenuation values are near of the scope of the project. The 
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project’s scope is that the new mixtures should reduce 6 dB regarding current situation before 

laying Soundless mixtures and 3 dB regarding standard asphalt mix like AC surf 16. Red colour 

express that the result achieved is more than 1 dB below the defined scope; orange colour 

express that the result is less than 1 dB below the defined scope; and green colour express that 

target values are achieved. 

Table 5: Initial noise reduction (dBA) with respect to previous situation for every mixture (measured 

by CPX). 

 

 

Table 6: Initial Noise reduction (dBA) with respect to standard asphalt for every mixture (measured 

by CPX). 

 

According these tables, it can be shown that Soundless mixtures achieved the expected values 

for interurban roads where the speed is 80 km/h. For the urban roads the mixtures fulfilled the 

objectives regarding new standard mixture, but they do not improve enough in relation to 

previous Soundless project situation, because in this demonstration site, a noise reducing 

double-porous pavement was the initial situation.  

Twenty-four months after the Soundless mixtures were laid, the values for the noise attenuation 

were the following. 

D initial

SITE Asphalt Description (dBA)

 50km/h

A8058 Sevilla a Coria SMA 08 1% ELT 2

A8058 Coria a Sevilla SMA 08 1,5% ELT 5

A376 Service road SMA 08 0,5% Nylon 4

80 km/h

A376 Sevilla a Utrera SMA 08 1% PE 7

A376 Utrera a Sevilla SMA 08 0,5% PE + 0,5% ELT 7

Noise attenuation respect previous situation

Low speed  road

Medium speed road

D initial

SITE Asphalt Description (dBA)

 50km/h

A8058 Sevilla a Coria SMA 08 1% ELT 3

A8058 Coria a Sevilla SMA 08 1,5% ELT 4

A376 Service road SMA 08 0,5% Nylon 2

80 km/h

A376 Sevilla a Utrera SMA 08 1% PE 5

A376 Utrera a Sevilla SMA 08 0,5% PE + 0,5% ELT 5

Noise attenuation respect AC 16 surf

Low speed  road

Medium speed road
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Table 7: Noise reduction (dBA) with respect to previous situation for every mixture after 24 months 

(measured by CPX).

 

Table 8: Noise reduction (dBA) with respect to standard asphalt for every mixture after 24 months 

(measured by CPX). 

 

Foreseen noise reductions with respect to previous situation have been achieved for some of 

the mixtures. The values for the Medium speed road (A376) have not changed significantly 

during monitoring. The goal continues being valid. 

For the low speed road (A8058), the values have changed slightly, but the conclusions are still 

valid. Compared to standard mixture the goal continues being achieved two year later but, on 

the other hand, compared to previous mixture, the attenuation acoustic is far from 6 dB.  

  

D  initial

D 24 

months 

later

SITE Asphalt Description (dBA) (dBA)

 50km/h  50km/h

A8058 Sevilla a Coria SMA 08 1% ELT 2 1

A8058 Coria a Sevilla SMA 08 1,5% ELT 5 3

A376 Service road SMA 08 0,5% Nylon 4 4

80 km/h 80 km/h

A376 Sevilla a Utrera SMA 08 1% PE 7 6

A376 Utrera a Sevilla SMA 08 0,5% PE + 0,5% ELT 7 6

Noise attenuation respect previous situation

Low speed  road

Medium speed road

D  initial

D 24 

months 

later

SITE Asphalt Description (dBA) (dBA)

 50km/h  50km/h

A8058 Sevilla a Coria SMA 08 1% ELT 3 5

A8058 Coria a Sevilla SMA 08 1,5% ELT 4 5

A376 Service road SMA 08 0,5% Nylon 2 4

80 km/h 80 km/h

A376 Sevilla a Utrera SMA 08 1% PE 5 5

A376 Utrera a Sevilla SMA 08 0,5% PE + 0,5% ELT 5 5

Medium speed road

Noise attenuation respect AC 16 surf

Low speed  road
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SPB 

A second analysis with SPB measurements was done in every campaign. In the following tables 

results obtained by SPB in the different demonstration section can be seen. 

Table 9. Results of SPB measurements 

ROAD Composition 
Vehicle 

type 

Sound pressure level with SPB 

Campaign 

Initial 1 2 3 4 5 

A8058 

Sevilla 

to Coria 

SMA 08 1% 

ELT 

Light 73.4 68.2 67.8 68.0 68.7 69.6 

Heavy 
78 76.2 78.1 77.6 77.6 79.0 

A376 

Sevilla 

to Utrera 

SMA 08 1% 

Prec-4 

Light 77.2 68.3 68.2 68.4 68.7 69 

Heavy 
80.7 72.5 74.8 78.0 77.9 78.3 

A376 

Utrera to 

Sevilla 

SMA 08 0,5% 

Prec-4 + 0,5% 

ELT 

Light Not 

measured 
64.3 66.8 63.8 63.8 62.0 

Heavy Not 

measured 
79.3 

Not 

measured 

Not 

measured 

Not 

measured 

Not 

measured 

 

Initially, the noise attenuation evaluated from SPB measurements were quantified as 5 dB at 

road A8058 and 9 dB at A376. Two years later these attenuations were 4 dB at road A8058 and 

8 dB at A376. 

From the point of view of the Life SOUNDLESS’s partners, these results are very promising 

and establish a success in terms of noise reduction measures. The initial attenuation in both 

sections is large; it is considered that a reduction of 3 dB supposes half of the generated noise. 

It highlights especially the improvement in the section of the A376 where the starting pavement 

was in worse conditions and there are also other conditions of improvement related to the 

project (not only the pavement) that improve that level. It is also noteworthy that the reduction 

of noise attenuation in two years was in the order of 1dB. 

ENVIROMMENTAL NOISE LEVELS 

After a midterm evaluation by EASME, environmental sound pressure level in reception points 

(immission level) were advised to be measured. The current normative defined by European 

legislation establishes the maximum noise levels at immission (wherever place where the 

people lives). This kind of measurements were not planned in the proposal because the aim was 

focused in a best characterisation of the sound power.  

It is reminded that noise is evaluated as Sound Pressure Level which is a 3D field magnitude. 

The noise level values depend on position. So, effectiveness of the solutions could change 

depending of evaluation site chosen. Other parameters which are not relevant from the point of 

view of the asphalt could affect to the results. 

Anyway, the partners of the Life Soundless Project decided to carry out environmental noise 

level measurements in order to check this parameter.  Only for two campaigns Environmental 

sound pressure levels have been gathered. The same points as in the initial characterisation of 

test tracks where this kind of measurements were done, were selected, although nobody is living 

in these points (points near the road). This is mentioned in order to avoid comparison with 

recommended levels by WHO. 
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Environmental recommendation is that people should not be exposed to noise levels Lday>65 

dBA and Lnight >55 dBA (Immission noise levels). These values are referred to the facades of 

the building where they live, not to the measurement points taken in the Soundless Project. 

Environmental noise levels were obtained after 24 hours measurements of continuous sound 

pressure level and after calculating the equivalent level in the corresponding day period. 

It is important consider that in this assessment, the noise sources are not controlled as in the 

previous standardised methods and other noise sources could be influenced in the results 

(motorbikes....). Also, the same traffic conditions (speed and number of vehicles) are not 

assured during different measurements.  

First the environmental noise levels for A 376 are presented in the next table. The points where 

the measurements were taken are shown in the following picture: 

 

Figure 4. Points where the measurements have been taken 

 

The point named as “A-376 AC 16-surf” was measured before and after the Soundless mixtures 

were laid. The main difference was the presence of AC 16 surf mixture. As may be checked in 

the following table the global values measured are almost the same.  

Table 10. Noise measurements 

 

The first column of every monitorization is evaluated in a point where not modification has 

been done as it is may be seen in the previous figure. 

Noise attenuation is calculated as the difference between new and previous situations. For 

interurban road (A-376) results are presented in the tables below. The same colour code is used 

to show if scope is achieved or not.  

 

 

 

AC surf 16  

A376
A376 pto1 A376 pto2

AC surf 16  

A376
A376 pto1 A376 pto2

AC surf 16  

A376
A376 pto1 A376 pto2

L night ( dBA) 73 70 - 72 66 64 72 64 64

L day (dBA) 79 76 - 78 70 69 77 70 70

L evening   (dBA) 78 76 - 77 70 69 76 69 69

A-376

feb-16 oct-18 may-19
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Table 11. Noise reduction (dBA) with respect to previous situation in A-376 (immission levels). 

 

A-376 

18 months after laying 24 months after laying 

A-376-1 A-376-2 A-376-1 A-376-2 

Lnight (dBA) 4 6 6 6 

Lday (dBA) 6 7 6 6 

Levening (dBA) 6 7 7 7 

 

In a similar way the environmental levels in the A-8058 were also evaluated. The next picture 

shows the point where the evaluation of noise attenuation has been done.  

 

Figure 5. Point where the evaluation of noise attenuation has been done 

 

The following table shows the environmental noise levels in A-8058 road. 

Table 12. Environmental noise levels in A-8058 road 

 

If situations are compared, it seems that attenuation is not so good as in the A-376 road, but as 

it has been commented previously, the noise sources were not controlled during the tests. This 

point has got more importance when noise level is lower (probably trucks and motorbikes take 

more importance in this test track than in the other). 

Noise attenuation for urban road (A-8058), calculated as the difference between new and 

previous situations, is presented in the table below.  

 

 

 

A-8058 CS 1 A-8058 CS 2 A-8058 CS 1 A-8058 CS 2 A-8058 CS 1 A-8058 CS 2

L night ( dBA) 63 - 60 63 63 63

L day (dBA) 70 - 67 68 69 70

L evening   (dBA) 69 - 67 67 68 68

may-19

A-8058

feb-16 oct-18
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Table 13. Noise reduction (dBA) with respect to previous situation in A-8058 (immission levels). 

 

A-8058 

18 months after laying 24 months after laying 

CS-pto 1 CS-pto 2 CS-pto 1 CS-pto 2 

Lnight (dBA) 3 0 0 0 

Lday (dBA) 3 2 0 0 

As it has been reported using CPX and SPB the objective for this urban road is far from being 

achieved. The main reason is that the existing pavement in this site was a noise reducing double-

porous asphalt (a noise reducing mixture), so the initial values were already low. Moreover, the 

road noise is lower for low speed (50 km/h), and, therefore, reaching high values of noise 

attenuation is more difficult. 

In the last campaign, other acoustic parameters like psychoacoustic parameters were analysed 

for assessing the human noise perception in the project area. These parameters showed the 

advantages of this kind of solutions in term of speech intelligibility in the area where they are 

place. 

NOISE AFFECTED POPULATION 

Finally, an evaluation of the reduction of people affected by noise (according to Environmental 

Noise Directive-END) was done. The estimation was made with the following hypotheses: 

• Reduction of 2 dBA at road noise source in A-8058 at 50 km/h. 

• Reduction of 6 dBA at road noise source in A-376 at 70 km/h. 

• Method of calculus NMPB 96 (Nouvelle Méthode de Prevision du Bruit des Routes). 

• The model is not well prepared to address night results, because it uses an ADT (average 

daily traffic) which is not discretized by day periods. 

The distribution of exposed population from the initial scenario to the end of the study with 

soundless pavements reduces the number of exposed citizens from 1480 to 877 (40% of 

reduction) in A-8058 road and from 10.572 to 8.292 (22% of reduction) in A-376 road. 

These figures vary if affected people are considered (people with levels higher than 65 

dBA during day and 55 dBA during night). In this case, the affected people in A-8058 is 

reduced from 341 people to 124 and in A-376 road from 1154 to 324 people affected by 

noise. In this case the improvement ratio is higher than if exposed people is considered. 

Usually the law and directives talk about affected people. 

Table 14. Exposed population to noise in A8058 before and after SOUNDLESS asphalt laying 

A8058 (PK3+350 to PK3+870) 

 

dBA 

Exposed 

population 

(people) 

Exposed 

population 

(people) 

Exposed 

population 

(people) 

Exposed population (people) 

Lday Levening Lnight Lden 

Initial Soundless Initial Soundless Initial Soundless Initial Soundless Reduction 

50-54 534 301 562 289 233 141 401 376 25 

55-59 349 115 309 118 322 176 500 175 325 

60-64 164 182 168 261 47 2 196 120 76 

65-69 331 123 291 17 4 0 232 204 28 

70-74 10 1 8 0 0 0 151 2 149 

>75 0 0 0 0 0 0 0 0 0 

Total 1388 722 1388 685 606 319 1480 877 603 

Table 15. Exposed population to noise in A376 before and after SOUNDLESS asphalt laying 
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A376 (PK2+100 to PK3+100) 

 

dBA 

Exposed 

population 

(people) 

Exposed 

population 

(people) 

Exposed 

population 

(people) 

Exposed population (people) 

Lday Levening Lnight Lden 

Initial Soundless Initial Soundless Initial Soundless Initial Soundless Reduction 

50-54 4323 3486 4315 3777 1562 1224 4372 4257 115 

55-59 1696 1377 2207 1475 1227 354 3311 2494 817 

60-64 1079 865 1063 802 344 115 1381 1086 295 

65-69 980 297 988 278 0 0 1154 342 812 

70-74 174 27 25 0 0 0 354 119 235 

>75 0 0 0 0 0 0 0 0 0 

Total 8525 6052 8598 6332 3133 1693 10572 8298 2274 
Lden- Day-evening-night average level. It is a descriptor of noise level based on energy equivalent noise level (Leq) over a 

whole day with a penalty of 10 dB(A) for night time noise (23.00-7.00) and an additional penalty of 5 dB(A) for evening noise 

(i.e. 19.00-23.00). 

Lday (day noise level) is the A-weighted, Leq (equivalent noise level), over the 12-hour day period (07:00-19:00) and is also 

known as the day noise indicator. 

Levening (evening noise level) is the A-weighted, Leq (equivalent noise level) over the 4 hour evening period 19:00-23:00 hours, 

also known as evening noise indicator. 

Lnight (night noise level), is the A-weighted, Leq (equivalent noise level) over the 8 hour night period of 23:00-07:00 hours, 

also known as the night noise indicator. 

Task B.4.2. Measurement of auxiliary indicators which are directly related to noise 

In this task it was planned to carry out measures of auxiliary indicators directly related to noise, 

such as macrotexture and surface regularity, since the surface texture of the pavements is 

considered as an essential factor in the acoustic behavior of pavements 

Two methods have been used to measure macro-texture: 1) Volumetric method (volumetric 

patch technique) and 2) Profilemeter method. 

In addition, these macro-texture measures have been supplemented by measures of roughness 

(International Roughness Index).  

These auxiliary indicators directly related to noise (macrotexture and International Roughness 

Index), obtained in different monitoring campaigns, are presented in the tables below. 

MACROTEXTURE 

Macrotexture results are shown in the following tables: 

Below, macrotexture values obtained in the different campaigns by profilometer (MPD: Mean 

Profile Depth) and by sand patch method (MTD: Mean Texture Depth) are shown in the following 

table 

Table 16. Evolution of macrotexture in Scenario 1. A-8058  

A8058 

Composition 
MPD (mm) MTD (mm) 

1st C. 2nd C. 3rd C. 4th C. 5th C. 1st C. 2nd C. 3rd C. 4th C. 5th C. 

SMA8 + 1,5% ELT 1,1 0,8 0,8 0,8 0,7 1,5 1,2 1,0 1,0 1,0 

SMA8 + 1,0% ELT 1,0 0,9 0,8 0,9 0,8 1,7 1,2 1,4 1,2 1,0 

 

 

 

 

 

http://www.acoustic-glossary.co.uk/frequency-weighting.htm
http://www.acoustic-glossary.co.uk/leq.htm
http://www.acoustic-glossary.co.uk/frequency-weighting.htm
http://www.acoustic-glossary.co.uk/leq.htm
http://www.acoustic-glossary.co.uk/frequency-weighting.htm
http://www.acoustic-glossary.co.uk/leq.htm
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Table 17. Evolution of macrotexture in Scenario 21. A-376 

A376 

Composition 
MPD (mm) MTD (mm) 

1st C. 2nd C. 3rd C. 4th C. 5th C. 1st C. 2nd C. 3rd C. 4th C. 5th C. 

SMA8 + 1,0% Prec-4 1,2 1,0 0,9 0,9 0,9 1,9 1,4 1,3 1,3 1,3 

SMA8 + 0,5%Prec-4+0,5%ELT 1,1 0,9 0,8 0,8 0,8 1,8 1,2 1,1 1,1 1,1 

SMA8 + 0,5% Nylon 1,1 0,9 0,9 0,9 0,8 1,7 1,4 1,2 1,2 1,2 

AC16 surf 35/50 S ref. 0,7 0,5 0,7 0,6 0,5 1,2 1,0 0,8 0,7 0,7 

At the beginning (first campaign), in all test sections with LIFESOUNDLESS mixtures, a 

negative macrotexture greater than 1.5, with the sand circle test (MTD: Mean Texture Depth), 

was obtained. The greater negative macrotexture, the greater rolling noise reduction capacity.  

 

Figure 6. Left: positive macrotexture, and right: negative macrotexture 

Lower values have been obtained in the case of the rest of campaigns. These results were 

foreseeable after the putting into service of the road since the passing of the vehicles creates a 

type of mixing effect that tends to close the macro-texture of the pavement. After the second 

monitoring campaign until the last one, the macro texture values are similar, correlating with 

the results obtained from the acoustic characterization (SPB, CPX, etc.). 

The value of the macro texture measured by sand circle (MTD) is higher than the value obtained 

by means of profilometer (MPD: Mean Profile Depth), although there is a remarkable linear 

correlation factor between them. 

IRI 

These measurements were complemented by assessing the longitudinal profile (IRI-

International Roughness Index) at each pilot section.  

In the following tables, as an example, the results for the right lane are presented for both 

scenarios. A remarkable improvement of roughness index is observed regarding to former 

situation. This translates into a better acoustic behavior of the pavements. 

Table 18. IRI values for A-8058 (right lane Coria to Sevilla) 

% frequency histogram 

A-8058 From Coria to Sevilla C.D. 
SMA8 + 1,5% ELT 

Before 

soundless 
1st Campaign  2nd Campaign 3rd Campaign 4th Campaign 5th Campaign 

Values <1,5 40 100 80 60 75 60 

Values <2,0 80 100 100 100 100 80 

Values <2,5 100 100 100 100 100 100 

Table 19. IRI values for A-8058 (right lane Sevilla to Coria) 

% frequency histogram 

A-8058 From Sevilla to Coria C.D. 
SMA8 1,0%ELT 

Before 

soundless 

1st 

Campaign  
2ndCampaign 3rd Campaign 4thCampaign 5thCampaign 

Values <1,5 40 80 100 80 100 60 

Values <2,0 100 100 100 100 100 100 

Values <2,5 200 100 100 100 100 100 
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Table 20. IRI values for A-376 (right lane Sevilla to Utrera) 

% frequency 

histogram 

A-376 From Sevilla to Utrera C.D. 

SMA8 + 1,0% Prec-4 

Before 

soundles

s 

1stCampaig

n 

2ndCampaig

n 

3rdCampaig

n 

4th 

Campaign 

5thCampaig

n 

Values <1,5 0 25 25 33 33 33 

Values <2,0 38 87,5 87,5 89 67 56 

Values <2,5 88 87,5 100 89 100 89 

Table 21. IRI values for A-376 (right lane Sevilla to Utrera) 

% 

frequency 

histogram 

A-376 From Sevilla to Utrera C.D. 

SMA8 + 0,5% Prec-4+0,5%ELT 

Before 

soundless 

1st 

Campaign 
2ndCampaign 3rdCampaign 4th Campaign 5th Campaign 

Values <1,5 0 60 60 40 33 40 

Values <2,0 38 100 100 100 67 100 

Values <2,5 75 100 100 100 100 100 

Technical clarification: IRI fulfilled the related specifications in all length of both pilot sections, 

except for the plastic section between kilometric point 2,5-2,6, due to the interruption in the 

supply because of a plant failure. 

Also, macrotexture values satisfied what was expected in the proposal: to keep higher than 1mm 

during the duration of the project. 

Comparing what was planned in the proposal with the measurements made in this activity, it 

could be stated that the objectives of this activity were fulfilled: enough measurements of 

macrotexture (187) and IRI auscultation were made in each campaign in order to assess the 

evolution of these parameters.  

OTHER AUXILIARY INDICATORS 

Other auxiliary indicators monitored during the project were the mechanical impedance and 

sound absorption. 

As it was explained in previous reports, the mechanical impedance is an auxiliary indicator 

which explains how the contact forces between tire and pavement are. This indicator measures 

the contribution of tires radiation, which is dominant in the range of frequency between 400 

and 1200 Hz approximately. 

In the next tables values of stiffness and damping for different Soundless mixtures are presented 

in both roads. In order to simplify the data only few values are presented, although these 

indicators have been evaluated every 6 months. 

Table 22. Stiffness and damping for Soundless mixtures in A8058  

Mixtures  

A-8058 

Before soundless After implementation 

soundless 

24 months after 

soundless 

E(Mpa) Damping E(Mpa) Damping E(Mpa) Damping 

SMA8 -1,5% ELT 494,8 0,48 338,48 0,62 347,30 0,16 

SMA8 -1,0% ELT 397,8 0,48 293,6 0,67 380,90 0,14 

 

 

 

 



   

 27 

Table 23. Stiffness and damping for Soundless mixtures in A376  

Mixtures 

A-376 

Before soundless After implementation 

soundless 

24 months after 

soundless 

E(Mpa) Damping E(Mpa) Damping E(Mpa) Damping 

SMA8 1,0% P rec 288,6 0,46 385,92 0,50 351,80 0,14 

SMA8 -0,5%P rec + 0,5% ELT 397,8 0,47 353,22 0,71 386,10 0,15 

AC16surf -- -- 629,40 0,29 400,60 0,15 

SMA8 0,5% nylon 415,6 0,38 263,78 0,47 334,40 0,14 

The lower the dynamic stiffness of the surface, the longer the time contact between tire and 

load and the lower the excitation range of frequencies of the tire. This means that radiation 

noise contribution of tires will be lower. 

The higher the damping, the lower the excitation dynamic force in the contact between tire and 

pavement and the lower the noise. 

As can be seen, Soundless pavements improve both values just after laying the mixtures and 

this improvement remains two years later.  

The acoustic absorption is the capacity of material to absorb the noise radiation which arrives 

to the surface. In road noise this parameter is important because minimize the horn noise 

component. Usually porous surfaces present interesting values of this indicator. As it has been 

mentioned in other reports the SMA mixtures developed in this project does not have interesting 

values of this parameter. Nevertheless, in-situ measurements have been carried out two years 

later. The acoustic absorption has been measured with Kundt’s tube according with standard 

ISO 13472-2. 

 

 

Figure 7. Acoustic absorption has been measured with Kundt’s tube 

The values are presented in the figure below. 
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Figure 8. Average absorption coefficient. 

The values obtained for this indicator confirm the initial data measured in the material 

characterization. In order to get acoustic attenuation with absorption mechanisms, at least 

values higher than 0.6 values are needed around 1000 Hz. 

As a conclusion, regarding these auxiliary acoustic indicators, it can be said that: 

- The negative macrotexture reduces the contact between the tire and the pavement, this 

fact favours the reduction of rolling noise. 

- The Roughness Index (IRI) improvement has also helped to achieve greater reductions 

in rolling noise. 

- Although initially the mechanical impedance improved the acoustic behaviour of the 

Soundless mixtures, two years later the improvement has been reduced. 

The acoustic absorption has not got influence in the acoustic behaviour of these mixtures.  

Five campaigns for testing new mixtures were planned and all of them have been carried out in 

order to get a complete study of the acoustical point of view of the mixtures.  

In these campaigns CPX measurements of road noise were carried out for the total length (3130 

m) of roads paved with Life Soundless mixtures. SPB measurements were carried out in three 

different locations and repeated every campaign (total 15 tests). The total length of road paved 

with Life Soundless mixtures have been surveyed with laser scanning, every campaign. Texture 

and mechanical impedance have been tested in 91 different points every campaign (more than 

450 measurements each). Sound absorption parameter was only measure on one campaign 

because the sound absorption has not been a relevant parameter for these mixtures. 
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Action B5. Pre-normative study to standardise the implementation of LIFE 

SOUNDLESS mixture 

 

This activity attempted to establish the requirements for standardization of the noise-reducing 

pavements in Spain. 

As it has been verified during the SOUNDLESS project, it is important to be able to previously 

evaluate in a study area whether a sound reducing floor is an efficient solution to an acoustic 

problem. This type of study is not standardized and it is considered necessary to do so. This 

study provides information on the dominant sources of noise defining the most important 

frequencies and levels. 

As a result of this regulatory activity, a proposal has been made to carry out evaluations of the 

acoustic performance of pavements in Spain, addressed in particular to the CTN-41 / SC-2 / 

GT5 committee on surface characteristics of pavements. It is foreseeable that the CTN-41 / SC-

2 / GT5 committee will make a technical report that allows this type of evaluation to be carried 

out. This type of regulatory document is currently used in the different tests that roads must 

meet. Finally, we highlight the advantages that the definition of a document like this can bring 

to a country like Spain: 

• Develop a common work scheme for the entire noise reducing pavement sector that 

allows reducing the current uncertainty of the different data presented. 

• Allow companies (adaptation of equipment and definition of new products) and 

administrations (changes in specifications) to prepare for the future. 

• Create a culture of noise reduction. Few products are available to reduce noise from 

road traffic. 

Another aspect that is currently being questioned on the international scene is the evaluation of 

acoustic performance during the life of the pavement. This aspect has been addressed during 

the duration of the SOUNDLESS project, obtaining data on the durability of the acoustic 

performance. This parameter is also very important when selecting a noise reducing floor. It is 

necessary to include in the regulations this type of evaluations in order to avoid solutions that 

guarantee great mitigations at the beginning, and that usually involve a large amount of money, 

and that usually fail to provide performance in a few months of life. 

Finally, it was also considered necessary to carry out a recommendation study for the use of 

mixtures like those used in the SOUNDLESS project. The regional government cannot establish 

normative documents independently from the specifications of the State, but it has been 

considered appropriate to define a guide of recommendations (available on the website) for the 

use of pavements similar to those used in the Life SOUNDLESS project. 

The objective of this document with recommendations (see Figure 9) is to promote the use of 

this type of noise reducing pavements to gain experience. The more experience that is recorded 

of the mechanical and acoustic performance of these types of noise reducing mixtures, the more 

feasible they will be included in state technical regulations and subsequent regional regulations. 

This is a long-term process; no State changes its technical regulation without sufficient evidence 

that the new solution is adequate and under what conditions it is capable of being fulfilled. 
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Figure 9. Cover of the recommendations document 

In this study it has been proceeded to standardize the design of the mixture: 

• Characteristics that the waste materials must meet to allow them to be incorporated into 

the mixtures as additives, mainly in terms of nature, classification and cleaning. 

• % asphalt addition of the mixture of each additive. 

• Methodology to obtain the design of the mixture and the minimum requirements in the 

properties of the mixtures. 

• Needed infrastructure in manufacturing plants to ensure the correct incorporation of 

additives and recommendations for the sequence of addition: temperature and mixing 

time. 

• Calibration requirements of the dosing equipment. 

All this work carried out in this activity will allow boosting the market for noise-reducing 

pavements by providing rigor in evaluating their performance. This evolves towards a situation 

where the noise pollution of road traffic especially was reduced in cities.  

Finally, the main barriers to the development of the regulations are highlighted: 

• When participating in the discussions of the different regulatory groups, it is necessary 

to have real data that can contrast the statements. Until the project was mediated, there 

was insufficient data available to establish a position in said committees. 

• Discussions and consensuses of these processes require long periods of reflection. 

 

Action C1. Life Cycle Assessment. Environmental impact monitoring 

To evaluate the environmental impact, CIDAUT used the commercial GaBi 4 tool (PE Europe 

GmbH, 2008) and its Professional database, although data generated ex process in LIFE 

SOUNDLESS project were also included. Using this tool, SOUNDLESS asphalts were 

compared to the reference asphalts normally laid in the warm areas of Europe (in the present 
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case, southern Spain). EIFFAGE has contributed, in this action, by providing the information 

related to manufacturing of bituminous mixtures and their laying and DGI providing data on 

the population affected. 

The stages of the LCA within the LIFE SOUNDLESS project that have carried out are 

explained briefly: 

1. Definition of the objectives and scope. In this stage all the needed processes to obtain the 

LCA of asphalt mixtures and their scope were defined. Among them it can be highlighted: 

• Functional unit (amount established as a reference for the comparison of the different 

products). The functional unit selected for this project was the production and laying of 

bituminous mixture to pave an area of 10.00 m2, for a road type T1 with heavy traffic. 

• System boundaries. It covers all the processes that will be included in the study and how 

they are deal with. The subsystems for asphalt mixes manufacturing (consumption of raw 

materials, transportation of raw materials and manufacturing plant), laying and compaction 

were considered. Given the short period of the project regarding the service life of the 

pavement, the use phase including the maintenance of the pavement as well as its end of 

life has not been taken into account for the LCA. 

2. Life Cycle Inventory (LCI). Each of the scenarios (asphalt mixtures) was modelled in GaBI 

(ACV model). Data were collected, determining the inventory of each identified subprocess 

within the system. An extensive identification and quantification of each of the inputs (raw 

materials, energy, etc.) and outputs (intermediate products, air emissions, water or soil, 

waste, etc.) were carried out.  

3. Life Cycle Impact Assessment (LCIA). The next step in the application of LCA is the 

determination of the environmental impact and its interpretation, for which the results are 

analyzed in the different impact categories (environmental indicators) selected. Different 

evaluation methods for the environmental impact were analyzed. Unfortunately, there is not 

a unique defined methodology, so the evaluation methods most used in the sector were 

selected: Eco-Indicator 99 and CML 2001. For CML 2001, taking as a reference for each of 

the impact categories, the highest value of the environmental impact of the asphalt mixtures 

analyzed (100%), the impact of the rest of the mixtures (in %) is depicted in the following 

picture. 

 

 

Figure 10. Normalized environmental impacts by category for each type of mixture. Normalization 

Reference: CML2001 - Jan. 2016 Baseline, EU28, year 2000 
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Bituminous mixtures with higher environmental impact are those that make a higher use of 

petroleum products (use of fuels in the asphaltic plant, bitumen manufacturing and combustible 

for transport activities of raw materials and the asphalt mixes).  

In view of these results, to remark that the environmental impact of the reference mixtures 

(SMA y AC16) is noticeably greater than the LIFESOUNDLESS mixtures. In other hand, 

LIFESOUNDLESS mixtures show among them equivalent environmental footprint. 

Eco-indicator 99 is probably still one of the most widely used impact assessment methods in 

LCA. Relevant information about Eco-indicator 99 is that the standard unit given in all the 

categories is point (Pt) or millipoint (mPt). Since the aim of this method is the comparison of 

products or components, the value itself is not relevant but the comparison of values. In the 

following table the values of Eco-indicator 99 obtained for each mixture are shown: 

Table 24. Values of Ecoindicator for the different mixtures  

 SMA 

reference 

AC 16 

Reference 

A 376 

(I) 

A 376 

(II) 

A 376 

(III) 

A 8058 

(I) 

A 8058 

(II) 

Ecoindicator’99 

(mPt) 
175,7 157,1 134,7 135,3 135,1 135,5 139,1 

For this evaluation method, findings are not quite different to those which were determined 

with the CML method. As well in this case (Ecoindicator 99), LIFESOUNDLESS mixtures 

show a very similar impact among them, and a noticeable lower impact regarding the reference 

mixtures (SMA y AC16). Comparing just only the LIFESOUNDLESS mixtures, some of them 

show a slightly higher environmental impact than the others. That is mainly due to a higher 

content of bitumen in their formulation (especially for the mixture on the A8058 pilot, which 

uses a 6.5% of bitumen and 1.5% of rubber powder). Other reason with lower relevance that 

also explains the difference among the LIFESOUNDLESS mixtures is the use of recycled 

materials as inputs. These recycled materials demand industrial processes before to their use as 

raw material for the bitumen mixtures. These processes consume electricity, which adds an 

environmental impact directly related to the amount of recycled material used. 

Durability of asphalt mixtures has not been taken into account in the assessment. However, 

LCA will be modified after LIFE if differences in lifespan between the different mixtures are 

detected. Soundless pavements has been studied for two years and a half and this kind of 

pavements have not changed a lot (in literature other pavements like porous pavements present 

behavioral changes), so up to date the performance is nice and a higher lifespan is needed in 

order to find differences. Later measurements after Life project will be done in order to analyze 

lifespan. In this case, maintenance phase (taking into account its frequency) will be included in 

LCA, and time horizon for the comparative study (duration of the life cycle) will be set. 

In terms of environmental sustainability, the results obtained with Life soundless project are: 

• The amount of CO2 generated by an AC16 pavement of the same extension of pilot track 

is estimated in 183 tons. The estimation of the amount of CO2 for the same area with 

Life Soundless mixes is 157 tons, so a reduction of 26 tons of CO2 has been achieved.  

• A reduction of 71 tons of aggregates was obtained in the Life Soundless project if it is 

compared with a paving of the same extension with AC 16 surf. 

• The environmental impact of the noise reduction of this project is a reduction of 3974 

Dalys over 9164 Dalys which are the estimated value if this project had not been carried 

out in both demonstrators. 
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Action C2. Socioeconomic impact monitoring 

The goal of this action was to monitor the socio-economic impact of the project. While Life 

Cycle Analysis (LCA) can be very useful, they can also be very complex and technical, making 

them difficult to communicate to a non‐expert audience. Moreover, because impacts are 

measured in different units, such as tonnes of greenhouse gas or cubic meters of wastewater, 

they cannot be easily compared. As the same way, noise can be explained in different ways if 

only consider affected people and not levels of noise for example. 

By putting a monetary value (costs or saves), it will incorporate all considerations into product 

evaluation. If manufacturing, environmental and social cost are known, it is possible to select 

the best option in order to compensate a possible higher manufacturing cost (not happened in 

SOUNDLESS case) by a reduction of environmental and social costs, so total cost is fitted.  

The following types of costs were selected in SOUNDLESS project for socioeconomic impact 

monitoring: 

• Traditional costs or “internal” cost: It is based on the economic information collected 

(price of raw materials, machine depreciation, personal salaries, etc.), along with the 

amounts of needed raw materials, energy consumption and auxiliary materials (available 

information within the LCA model). Internal costs for raw material, production, transport 

and laying and external costs (associated to environmental impacts) of LIFE 

SOUNDLESS mixtures have been calculated and compared with the reference mixtures 

(both SMA and AC16 mixtures). The “internal” cost of SOUNDLESS asphalt 

mixtures regarding the SMA and AC16 references are significantly lower. In the 

following charts (Figure 11) a comparison of costs for raw material, production, transport 

and laying, between the LIFE soundless mixtures and reference mixtures (SMA and 

AC16) can be seen. 

• Environmental impact cost: from the Life Cycle Assessment, it is possible to calculate 

an environmental “external” cost of the product/process. A specific module (Trucost, 

Natural Capital Accounting) within the LCA software (GaBi software, developed by 

thinkstep) was used to calculate a “standardized” cost for the environmental impacts. 

Environmental impact costs are defined as external cost. The main impact category is the 

Global Warming Potential which has a value around 70% for all mixtures. This impact is 

mainly due to mixture production and bitumen manufacture processes (Table 25.  

On the overall cost of the asphalt mixture, the environmental cost represents around at 10% 

(external costs, red in the figure) of overall costs and are also lower in SOUNDLESS asphalt 

mixtures, which is logical, since the environmental impacts of these mixtures are lower.  
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Figure 11. Comparison of costs for raw material, production, transport and laying, between the LIFE 

soundless mixtures and reference mixtures (SMA (top) and AC16 (bottom)). 

Table 25: Environmental costs by stages (AC16 mixture) 
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Cellulose (Asphalt Filler) <LC>

ES: Electricity grid mix (production mix) ts <LC> 2,51%

ES: Paving Grade Bitumen (EuroBitume - 2011) <LC> 18,98%

ES: Soundless Limestone Management (Filler) <LC> 0,51%

ES: Soundless Limestone Management (Gravel) <LC> 4,05%

ES: Tyre Treatment (Soundless Life project, Rubber) <LC>

ES: Tyre Treatment (Soundless Life project, Textile) <LC>

ES: Soundless Bituminous Mixture Production <u-so> 40,58%

EU-28: Diesel mix at filling station ts 4,90%

EU-28: Gravel 2/32 ts 2,46%

EU-28: Heavy fuel oil at refinery (1.0wt.% S) ts 15,76%

EU-28: Light fuel oil at refinery ts 2,24%

Transport/Laying 8,01%
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Figure 12. Comparison of overall cost (internal+external) of LIFE SOUNDLESS mixtures versus 

reference mixtures. 

• Health cost: Health improvement by noise reduction. Following the guide of DEFRA 

Publication (no. 14228), a Transport Noise Marginal Values Model was used in order to 

calculate Health Social Cost. These costs are associated to the following health and well-

being outcomes: Hypertension, through increased risk of stroke and dementia, sleep 

disturbance and annoyance and acute myocardial infraction (AMI). Monetizing the links 

between environmental noise, exposed population and selected health outcomes from the 

first scenario (old pavement) to the last scenario (two years and a half of SOUNDLESS 

pavement) is possible to obtain the Health Social Savings. During the project, each year, 

SOUNDLESS pavement has saved around 519 k€ at A8058 road and 2136 k€ at A376 

road. The total saving at A376 road is higher than A8058 due to total exposed population 

and the higher noise reduction, but individually, the saving per person is worse because 

there is a lower reduction of exposed population at highest levels of noise regards the total 

exposed population reduction. Thus, health social savings with the new mixtures has been 

calculated in 350,77 €/person for A-8058 demonstration section and 202,10 €/person for 

A-376 demonstration section. 

Table 26. Health social cost per year in both roads at different scenarios left, initial scenario (old 

pavement) and right, soundless pavement (final scenario). 

 
This health cost decrease, which is comparatively bigger than the decrease in the other analyzed 

cost (internal and environmental), implies a reduction of the Net Present Values (parameter 

employed for the quantification and posterior comparison), and hence, a relevant social benefit 

dBA L18 A8058 puerto A376 dBA L18 A8058 puerto A376

41,5 0,00 0,00 41,5 0,00 0,00

46,9 0,00 0,00 46,9 17891,29 0,00

52,3 46910,31 511451,10 52,3 43985,73 497998,02

57,8 184710,27 1223151,39 57,8 64648,59 921334,81

63,2 151196,94 1065321,30 63,2 92569,56 837754,48

68,6 312165,98 1552756,65 68,6 274490,78 460175,71

74,1 322013,84 754919,85 74,1 4265,08 253772,49

79,5 0,00 0,00 79,5 0,00 0,00

Total 1016997,338 5107600,292 Total 497851,0261 2971035,515

Initial health social cost (euros) Final health social cost (euros)
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against the reference cases (starting point using conventional asphalt mixtures). The reduction 

on A-376 road is 42% (from 14.056 €/functional unit to 8.202 €/functional unit.) and on A-

8058 is 50% (from 5.392 €/functional unit to 2.674 €/functional unit). 

The results achieved in the project regarding environmental and social impact could be 

summarized as follows: 

• The noise attenuation achieved in A-8058 taking as reference a new dense AC surf 16 

mixture is 3.7 dBA 5 

• The noise attenuation achieved in A-376 taking as reference a new dense AC surf 16 

mixture is 4.5 dBA 6 

• 1.25 tons of wastes of nylon fibers, 14.63 tons of industrial rubber wastes and 11.23 tons 

of recycled plastic from masterbache industry have been re-used. 

• Near 3000 is the people estimated which have improved their life quality due to the 

noise level reduction. From those, near 2000 are people which are out of the non-

allowed levels by Noise directive.  

 

Action C3. Study of LIFE-SOUNDLESS potential for replicability in other Europen 

cities 

The objective of this activity was to evaluate the potential replicability of the noise-reducing 

mixes implemented and tested, in other cities that have similar characteristics to where the 

demonstratives were performed. 

It is considered that this study can be replicable in areas where you meet the following premises: 

1. Dominant noise source: road traffic. 2. Climatology like that of pilot sections. 

A full study was carried out in 8 hotspots from the point of view of noise that exist on different 

roads in the south of Spain belonging to different administrations such as the Junta de 

Andalucía, the Region of Murcia and the Generalitat Valenciana and that were previously 

diagnosed either in the Strategic Noise Maps (MER) or by citizen complaints. 

Environmental noise was evaluated in the different selected sections and determined whether 

the rolling source is dominant over the rest. The potential impact of paving with noise- reducing 

mixtures on the number of people affected was also assessed. 

The 8 sites full analyzed in southern Spain from the point of view of noise reduction were: 

• Puerto de Santa María (Cádiz). A-491 road, pk 24 and pk 27. Speed limit: 100 Km/h. 

• Huelva. A -497 road between pk 5 and pk 7. Speed limit: 100 Km/h. 

• Campanillas (Málaga). A7056 road, between pk 0 and pk 1. Speed limit: 100 Km/h. 

• Cártama (Málaga). A-357 road, between 52 and pk 54. Speed limit: 120 Km/h 

• Granada. A-395 road between pk 1 and pk5. Speed limit: 100 Km/h. 

• Orihuela (Alicante), CV95-2 road between pk 3 and pk 5.5. Speed limit: 50 Km/h. 

• Between Balsicas (Murcia) and San Javier (Murcia), RM19 road, pk 24 and pk 25.5. Speed 

limit: 100 Km/h 

• Between Los Belones (Murcia) and La Manga (Murcia), RM12 road, pk7 and pk 13. Speed 

limit: 80 Km/h 

 

 
5 Results obtained just finishing pavement form CPX test. The reference situation has been taken from the CPX 

measurement of AC 16 surf and the A8058 value is the mean of the two tests carried out in A 8058.  
6 Results obtained just finishing pavement form CPX test. The reference situation has been taken from the CPX 

measurement of AC 16 surf and the A-376value is the mean of the two tests carried out in A 376 (at 80km/h).  
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Actions D. Public awareness and dissemination of results 

 

Several actions have been performed during the project to assure the public awareness and 

dissemination of results: 

LIFE SOUNDLESS website 

The main objective of the website was to publicize the project and report news, progress and 

results of the LIFE SOUNDLESS project. The address of the website is: 

https://www.juntadeandalucia.es/organismos/fomentoinfraestructurasyordenaciondelterritorio/ar

eas/infraestructuras-viarias/proyecto-life-soundless.html 

LIFE SOUNDLESS website has been regularly updated and will be maintained up to 5 years 

beyond the project’s end in order to make the project results as available and alive as possible.  

DGI was responsible for keeping the website continuously updated with relevant information 

on the activities of the partners in the project, as well as with news and relevant information 

related to the topic of the project.  

Information boards 

Two Information Boards with information about the project were placed in each of the 

demonstration sections (A-376 and A-8058). One of them, with a bigger size, located on the 

side of the road and another one, smaller, located on a place with pedestrian access. The aim 

was that both drivers and pedestrians could have information about the project.  

  
  

  

Figure 13. Images of the Information Boards erected. 

https://www.juntadeandalucia.es/organismos/fomentoinfraestructurasyordenaciondelterritorio/areas/infraestructuras-viarias/proyecto-life-soundless.html
https://www.juntadeandalucia.es/organismos/fomentoinfraestructurasyordenaciondelterritorio/areas/infraestructuras-viarias/proyecto-life-soundless.html
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Laymans’s Report 

The purpose of Laymans’s Report is to provide a general and brief overview of the project and 

its outcomes. The report is targeted at non-specialist audience and serves to inform to decision-

makers and non-technical parties of the project objectives and results. Layman’s Report is 

available at the website.  

https://www.juntadeandalucia.es/export/drupaljda/informe_layman.pdf 

LIFE SOUNDLESS Dissemination Plan 

Additionally, other activities carried out within the dissemination plan are listed below: 

• Logo. Within the framework of this action LIFE SOUNDLESS logo was defined. The goal 

of creating a logo for the project is to establish an image associated with the project. The 

objective is that potential users, with a glance at the logo, will associate it with the project. 

LIFE SOUNDLESS logo has been included in all materials and dissemination tools: 

brochures, website, etc. 

• LIFE SOUNDLESS brochures. A total of 800 units of brochures were printed in October 

2016 and delivered to public bodies, companies in the sector, etc. It contains a summary of 

LIFE SOUNDLESS project: objectives, actions, budget, partners, duration and expected 

results, both in Spanish and English. Brochure is available in digital format: 

https://www.juntadeandalucia.es/export/drupaljda/5a0be18cd07a7-DIPTICO.pdf  

Roll-up. The roll-up was designed, layout and printed with the basic information of the 

project in both Spanish and English. In the following link the roll-up can be viewed: 

https://www.juntadeandalucia.es/export/drupaljda/5a0be188f3da6-AF_ENARA_TR.pdf 

This roll-up was used in Congresses and Workshops. 

• Video Recording. During execution of mixtures laying, an explanatory video was recorded 

with a duration of approximately 2 minutes. The video includes monitoring of works 

execution, of mixtures manufacturing in Eiffage Asphalt Plant (for Pilot section in A-376) 

and of the acoustic tests which was subsequently performed. The language of the video is 

Spanish with English subtitles. It is available in web page 

(https://www.juntadeandalucia.es/organismos/fomentoinfraestructurasyordenaciondelterrit

orio/areas/infraestructuras-viarias/proyecto-life-soundless.html) and was delivered to public 

bodies, companies in the sector, etc. The video is also available in youtube channel 

(https://www.youtube.com/watch?v=5CDk-QLu-gg&t=6s) 

• Technical Recommendations 

The publication of these technical recommendations is intended to publicize the activities 

carried out in the Project, considerations to take into account the acoustic behaviour of noise-

reducing pavements and to define specifications for the design, manufacture, commissioning 

and control of quality of the bituminous noise-reducing mixtures developed within the 

framework of the LIFE-SOUNDLESS Project and that can serve as a guide for professionals 

in the sector for the design such mixtures.  

https://www.juntadeandalucia.es/export/drupaljda/Recomendaciones_0.pdf 

• Attendance to Conferences and Congresses and Seminars.  

During the implementation of the project, LIFE SOUNDLESS has been present at 21 

conferences, congresses, and seminars. All these events had specific subjects related to one of 

the following sectors: environmental as Ecomondo, Life Platform meeting on Plastic in a 

https://www.juntadeandalucia.es/export/drupaljda/informe_layman.pdf
https://www.juntadeandalucia.es/export/drupaljda/5a0be18cd07a7-DIPTICO.pdf
https://www.juntadeandalucia.es/export/drupaljda/5a0be188f3da6-AF_ENARA_TR.pdf
https://www.juntadeandalucia.es/organismos/fomentoinfraestructurasyordenaciondelterritorio/areas/infraestructuras-viarias/proyecto-life-soundless.html
https://www.juntadeandalucia.es/organismos/fomentoinfraestructurasyordenaciondelterritorio/areas/infraestructuras-viarias/proyecto-life-soundless.html
https://www.youtube.com/watch?v=5CDk-QLu-gg&t=6s
https://www.juntadeandalucia.es/export/drupaljda/Recomendaciones_0.pdf
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Circular Economy or Greencities forum, acoustics such as Euronoise, construction and road 

maintenance as PTEC or Innovacarretera forums, Eurobitume and Eurosaphalt Congress. 

• Workshops and seminars organized.  

▪ Intermediate Workshop of the Project was held in Valladolid in January 2018. 40 people 

attended the workshop in person and 5 people in streaming. The Program of the Workshop 

and the video of the Workshop can be seen in the LIFE Soundless project: 

https://www.juntadeandalucia.es/organismos/fomentoinfraestructurasyordenaciondelterr

itorio/areas/infraestructuras-viarias/proyecto-life-soundless/paginas/pls-news-en.html. 

▪ Technical conferences on “Recommendations on noise-reducing pavements based on the 

experience of the life-soundless project”. The General Directorate of Infrastructures, 

Department of Development and Housing of the Junta de Andalucía (Andalusian 

Government), in order to share the experience of LIFE SOUNDLESS and disseminate its 

results among other Andalusian Administrations, held in Seville on April 2019 some 

technical conferences. In addition, the recommendations on noise-reducing pavements 

based on the experience of the LIFE SOUNDLESS project were presented. There were 

25 attendees.  

▪ Final Workshopof the Project was held in Seville in  October 2019. The Program of the 

Workshop  is available in  

https://www.juntadeandalucia.es/organismos/fomentoinfraestructurasyordenaciondelterrito

rio/areas/infraestructuras-viarias/proyecto-life-soundless/paginas/pls-jornadas-finales.html.  

80 people attended the final workshop in person and 26 people in streaming. 

• Articles.  

7 papers were written and published regarding LIFE SOUNDLESS: 

• CILA Congress (Iberolatino-American Asphalt Congress) held in Colombia in 

November 2017. The article is titled "Eco-efficient and highly durable noise reducing 

bituminous mixtures. Project LIFE-SOUNDLESS".  

• EURONOISE “11th European Congress and Exposition on Noise Control Engineering” 

held in Crete in May 2018. The article is titled " LIFESOUNDLESS: New generation 

of eco-friendly asphalt with recycled materials". 

• Journal of the Technical Road Association of Spain called RUTAS TÉCNICAS (Nº176, 

July-September 2018, pages 30-39.ISSN1130-7102). The article is titled " Noise 

reducing and eco-friendly asphalt mixes with high durability".  

• Journal Environments (Volume 6. Issue 4. April 2019). The article is titled "LIFE 

SOUNDLESS: New Generation of Eco-Friendly Asphalt with Recycled Materials”.  

• Inter.noise 2019. 48th International Congress and Exhibition on Noise Control 

Engineering”, June 2019. The article is titled " LIFE SOUNDLESS: New Generation of 

Eco-Friendly Asphalt with Recycled Materials”.  

• Asfalto y Pavimentación, Nº33 volume IX second trimester 2019. The article is titled 

“Reduction of social and environmental costs in LIFE SOUNDLESS”. 

• E&E Congress 2020. “LIFE-Soundless Project: Noise Reducing Asphalt Mixes with 

Recycled Materials. Final results” 

In addition, press releases and news have been published in different newspapers and 

specialized web pages of the sector. 

https://www.juntadeandalucia.es/organismos/fomentoinfraestructurasyordenaciondelterritorio/areas/infraestructuras-viarias/proyecto-life-soundless/paginas/pls-news-en.html
https://www.juntadeandalucia.es/organismos/fomentoinfraestructurasyordenaciondelterritorio/areas/infraestructuras-viarias/proyecto-life-soundless/paginas/pls-news-en.html
https://www.juntadeandalucia.es/organismos/fomentoinfraestructurasyordenaciondelterritorio/areas/infraestructuras-viarias/proyecto-life-soundless/paginas/pls-jornadas-finales.html
https://www.juntadeandalucia.es/organismos/fomentoinfraestructurasyordenaciondelterritorio/areas/infraestructuras-viarias/proyecto-life-soundless/paginas/pls-jornadas-finales.html
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In the following table a comparison between activities planned in Dissemination Plan and 

activities finally performed can be seen. 

Table 27. Comparison between planned and actual activities. 

Indicator Planned at the end of the 

project 

Results 

Number of visits to LIFE SOUNDLESS 

website 
1000 3.086 

Number of articles published 4 5 

Leaflets printed and handed out 1.600 1.800 

CD/DVD (Video) distributed 20 
150 (flash 

pen) 

Workshop organized 2 3 

Appearances in the media 4 14 

Events (congresses, fairs, workshops, etc.) 

attended. 
8 21 

European Projects Contacted 6 6 

Stakeholders (public bodies) 20 22 

In the acoustic forums where the project has been presented, as Euronoise 2018 and Internoise 

2019, the global nature of the project has been highlighted based on the initial problem, finding 

a reasoned and optimized solution to be implemented later. The deep monitoring of the solution 

for more than two years has also attracted the attention of the public that has attended. 

The project has also aroused interest in the forums related to pavement and asphalt mixes (like 

CILA, Eurobitume, Innovacarretera), where partners of SOUNDLESS consortium have 

participated. 

Both in the intermediate workshop and the final workshop, the project was well received by the 

scientific and technical community, expert in both noise attenuation issues and the production 

and laying of bituminous mixtures. 

Technical conferences were held in Seville on April 11. In these conferences the experience of 

this project and its results were disseminated among other Andalusian Administrations and 

recommendations on noise-reducing pavements based on the experience of the LIFE 

SOUNDLESS project were presented. All the attendants showed great interest. 

6. Analysis of benefits  

1. Environmental benefits 

a. Direct / quantitative environmental benefits: Environmental benefits of LIFE 

SOUNDLESS are to reduce noise from roads inside densely populated urban and 

interurban areas and to contribute to waste management (re-use), helping to resource 

efficiency and lifecycle impact of pavements, since the mixtures incorporate waste 

materials from other industries to the bituminous mixtures. The objective stated at the 

beginning of the project of reducing at least 6dB the generation of noise with respect 

to the existing pavement and 3 dB with respect to a reference stretch (AC16) has been 

reached and even improved for some mixture. Quantitatively the benefits obtained are 

as follows: 

• The noise level Lday near the roads has been reduced by 6 dB in the A-376 road 

(interurban road with average speed of 70 km/h) and by 3 dB in the A-8058 road (urban 

road with average speed of 50 km/h). 
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• SOUNDLESS mixtures allow a reduction in road noise attenuation (using CPX method) 

by 4 dB with respect to a new dense asphalt (AC16 surf) at low speeds (50 km/h) and 5 

dB at medium speeds (80 km/h) after laying the pavements. 

• SOUNDLESS mixtures allow a road noise attenuation (using CPX method) by 5 dB 

with respect to a new dense asphalt (AC16 surf) at low speeds (50 km/h) and 5 dB at 

medium speeds (80 km/h) 24 months after laying the pavements. 

• The test track A8058 noise attenuation with SOUNDLESS mixtures has been 3dB. After 

24 months the results have remained. 

• The test track A376 noise attenuation with SOUNDLESS mixtures has been 7 dB. After 

24 months the noise attenuation has been 6 dB. 

• SOUNDLESS mixtures allow a reduction in road noise (using SPB method) by 5 dB 

with respect to previous situation at low speeds (50 km/h) and 9 dB at medium speeds 

(80 km/h) after laying the pavements. 

• SOUNDLESS mixtures allow a reduction in road noise (using CPX method) by 4 dB 

with respect to previous situation at low speeds (50 km/h) and 8 dB at medium speeds 

(80 km/h) 24 months after laying the pavements. 

• The asphalt SM8 with 1,5% of rubber from End-Life Tyres is the most silence. 

• Re-use of 1.25 tons of wastes of nylon fiber. 

• Re-use of 11.23 tons of recycled plastics.  

• Re-use of 14.63 tons of rubber wastes from end-of life tyres. 

 

b. Qualitative environmental benefits. LIFE-SOUNDLESS focuses on noise reducing 

mixtures that, even though they have a lower noise reducing capacity than porous mixtures 

recently spread out, keeps this capacity for longer. Thus, a mixture with the ability to reduce 

road noise for longer will be available for stakeholders, favoring the long-term 

environmental benefit. Despite noise attenuations of LIFE SOUNDLESS mixtures have 

decrease during its monitoring these attenuations remain high after two years of 

operation. This ensures the sustainability of the project results and impacts. It is important 

highlight that in recent years several noise reducing asphalt mixtures have been developed. 

However, despite these mixtures contribute significantly to noise reduction, they lose the 

efficiency over time very quickly and its life cycle is very short. Therefore, the mixtures 

should be changed frequently.  

The environmental impact of the solutions implemented in the pilot sections was analysed 

and compared to the reference one with the Eco-indicator 99. LIFE SOUNDLESS asphalts 

present a lower environmental impact regarding the reference bituminous mixture (AC16). 

Environmental impact of the LIFE SOUNDLESS mixtures is quite similar. However, slight 

differences can be seen due to the different bitumen content and loads of recycled materials 

(See Action C1). LIFE SOUNDLESS mixtures reduce environmental impacts for all 

category impacts. 

Moreover, since the bituminous mixtures incorporate waste materials from other industries, 

the project also contributes to waste management (re-use), helping to resource efficiency 

and lifecycle impact of pavements. It could be said that SOUNDLESS solutions could 

incorporate the following rates of recycled materials per m2 of pavement:  

• Rubber from ELT: 1.5 kg/m2. 

• Recycled plastic: 1 kg/m2. 

• Nylon fibers: 0,5 kg/m2. 
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2. Economic benefits  

The use of the innovative asphalt mixtures developed within the LIFE SOUNDLESS project 

implies a reduction in costs, including manufacturing and laying, those associated with 

environmental impact and those associated with acoustic impact on residents of the affected 

area. The internal costs (raw material, production, transport and laying) are significantly lower 

than SMA and AC16 references. For example, costs of the mixture with SMA+0,5% plastic 

waste+ 0,5% rubber are 90,93% of the AC16 costs. Health costs associated with noise in the 

demonstration areas was reduced by approximately 50% using LIFE SOUNDLESS During 

the project soundless pavements have saved, each year, around 519 k€ at A8058 road and 2136 

k€ at A376 road. Costs due to environmental impact is also reduced with noise reducing 

mixtures, although this improvement is not significant with respect to the savings achieve in its 

manufacture or in the health costs. 

LIFE SOUNDLESS mixtures, as new products, mean business and commercial opportunities 

for the private partner of the project, EIFFAGE. It has prepared Technical sheets of these asphalt 

mixes for commercial purposes (a copy of them is attached as annex), incorporating them to its 

products’ catalogue. And they are promoted through Eiffage's commercial network among 

private and institutional clients.  

3. Social benefits. 

Main social benefit of LIFE SOUNDLESS project is related to health improvement. Several 

potential health effects can be identified due to exposure to traffic noise, being the most 

important: sleep disturbance and cardiovascular disease. The effect of noise on sleep has 

important health effects since uninterrupted sleep is known to be a prerequisite for proper 

physiological and mental functioning in healthy people. Exposure to traffic noise is associated 

with changes in blood pressure and increased risk of various types of heart disease. LIFE 

SOUNDLESS mixtures will contribute to reduce noise and, thus, to preserve the health of the 

neighbours. Moreover, LIFE-SOUNDLESS contributes to reduce the number of people 

annoyed by road traffic noise and to diminish the number of complaints because of noises. With 

the implementation of the SOUNDLESS mixtures in both demonstration sites, where road noise 

is dominant source and the distribution of people in both areas, it has been proven that the 

affected population has been reduced by approximately 40% in A-8058 road and by more 

than 20% in A-376 road. To achieve these data several strong hypotheses have been taken and 

the values are subject to error. Moreover, since the laying of LIFE SOUNDLESS mixtures there 

were no complaints in the neighbourhood of the demonstration sites. An attempt was made to 

collect the perception of the neighbours by contacting the two municipalities to explain the 

objectives of the Project to the neighbors and to know first-hand their opinion. Finally, this 

approach was leaved because no answer was obtained from them. However, it is believed that 

there is a very positive feedback from the neighbors, since a document from a community of 

owners surrounding A-376 road, in which they request that an action analogous to that which 

has been developed with the LIFE SOUNDLESS project were carried out. 

Furthermore, LIFE-SOUNDLESS mixtures also will contribute to improve the environmental 

impact of road construction along its entire lifecycle by breaking new grounds to waste and 

recycled materials reuse. This is especially important for waste plastic, for which social concern 

for its treatment and the search for alternatives to the disposal by landfilling has increased. It 

could be said that SOUNDLESS solutions could incorporate the following rates of recycled 

materials per m2 of pavement: 

- Rubber from ELT: 1,5 kg/m2 

- Recycled plastic: 1 kg/m2 
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- Nylon fibers: 0,5 kg/m2 

It is known that noise overload causes stress and fatigue which are contributing factors in a 

wide range of traffic accidents. The use of LIFE SOUNDELESS road surfaces can significantly 

reduce noise both inside and outside the car, helping to prevent accidents by alleviating a source 

of stress that contributes to driver fatigue.  

Finally, LIFE SOUNDLESS mixtures could contribute to employment growth of a sector that 

has been hit particularly by the financial crisis by increasing the demand for this type of asphalt. 

4. Replicability, transferability, cooperation:  

The likelihood of replication of solutions (LIFE SOUNDLESS asphalts) are high in 

Mediterranean countries since they have similar characteristics to those in Andalusia: climate 

with high temperatures and similar problems of waste generation. In the market, there are other 

noise reducing pavements (such as porous pavements), developed for Northern countries, but 

they show bad performances in countries with dry and hot climate, in urban environments. The 

high temperatures make that bitumen of the porous skeleton goes down between holes. The lack 

of bitumen provokes a reduction of the resistance of aggregates in the road layer. So, it is not 

unusual, in high traffic roads, to find texture problems which increase the noise levels. Also, 

the lack of rain makes that holes clogged with dirt from the environment and this could reduce 

the acoustic absorption. Both phenomena are more suitable to happen in the countries of south 

of Europe. Thus, it has been demonstrated that the use of such mixtures in urban areas has not 

offered the expected results as far as durability is concerned. Many local authorities saw their 

maintenance budgets impacted by the high costs of a few noise-reducing pavements. LIFE 

SOUNDLESS project changes the focus of mixture design towards thin surface layers which 

might have a slightly lower noise-reducing capacity than porous asphalt, but higher durability, 

so the long-term acoustical benefit will be positive and therefore they will be more cost-

effective, despite a durable road has higher initial costs than a non-durable one.  

In order to stimulate the application of noise-reducing pavements that are durable, technology 

and fundamental knowledge of tyre/road noise is essential. However, that is not enough. 

Preconditions like a good legislation that stresses source measures, contracts that force the 

application of durable mixtures and apply only what is necessary for the inhabitants, determine 

the success of noise-reducing pavements. Thus, the likelihood of replication of the project is 

high, but it depends on noise legislation and how the authorities tender the pavement work.  

Many authorities use standard contracts when purchasing noise-reducing pavements from a 

contractor. In most cases, the lowest offer is rewarded. These contracts include a fully specified 

mixture. However, noise-reducing pavements are commercial products and therefore, they do 

not really fit in the standard contract descriptions. The contracts need to include functional 

properties functional properties (like noise reduction). Furthermore, often there are no well-

defined demands concerning durability. Because of the mechanism of economical best offers, 

durable roads are often excluded. Therefore, contracts need to include durability demands. It is 

a challenge for road administrations to decide how to incorporate noise into the tendering 

process, in combination with the requirements of service life and expenses for maintenance. 

LIFE SOUNDLESS results will be very useful to facilitate the incorporation of noise reduction 

and durability in these tenders,  

The technology is easy to transfer if the formula is adapted to characteristics of materials used 

in each area and the available wastes. This is an important issue since bituminous mixtures 

used, with SMA structure, have bitumen contents higher than those normally used in these 

countries and it should be ensured that there are no problems with plastic deformations. This 

kind of mixtures is usual in colder European countries (Germany, Austria, Switzerland, etc.) 
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but they must be adapted to south Europe countries. However, adaptation of bitumen contents 

to Spanish climatology can be easily extrapolated to the rest of south European countries. By 

working together, other municipalities from different Member States can explore their 

differences and also identify similarities, moving towards models that can cross the borders and 

become ‘European’.  

There are mainly two driving forces that ensure that noise reducing pavements will be 

increasingly applied on the road networks of Europe: 

• An increasing demand in the population for good living conditions including an improved 

soundscape with less noise in residential and other urban districts. This results in public 

pressure on the political level and on the road administrations. 

• The European Commission (EU) Directive on environmental noise from 2002 that calls for 

noise mapping as well as for the development of noise action plans throughout the 27 

member states. In the case of both road infrastructure planning and noise action plans noise 

reducing pavements are a cost-effective measure of noise abatement which can be 

implemented locally by the road administration. 

There are new materials which come from circular economy that need new potential massive 

applications, such as plastic and rubber powder from ELT. The implementation of LIFE 

SOUNDLESS asphalts on a large scale would contribute to increase the market for waste 

management companies and eco-efficient asphalt manufactures. As it was aforementioned, re-

use of waste will be economically attractive options for public and private actors due to 

widespread separate collection and the development of functional markets for secondary raw 

materials. On the other hand, the massive use of recycled plastics will contribute to reduce the 

unit cost of them. 

5. Best Practice lessons. 

Some of the practice lessons that have been learnt were: 

• It is necessary to establish methods to determine the feasibility of a solution consisting of 

a noise reducing pavement as well as to evaluate the acoustic performance of the pavement, 

once it is laid, and its temporal evolution: 

o Initial diagnosis to check if road noise is the predominant source of noise. 

o Tests (CPX, SPB) to evaluate of the real attenuation that has been achieved with the 

existing solution. 

o Evaluation of acoustic performance during life span of the road. A biannual evaluation 

period is recommended during the first 4 years of life and later an annual evaluation. 

• For the selection of the mixtures, the decision should be based on the value of mechanical 

impedance and Young's Equivalent Module, since they are the properties that give more 

information about the acoustic properties of the different mixtures. Acoustic absorption 

measurements should not be used as main parameters for the selection. 

• The use of the rubber powder additive is recommended as long as the suppliers of the rest 

of the products from waste recycling (plastics and nylon fibers), do not guarantee a supply 

in terms of product cleaning, size and price and homogeneity. 

• The maximum size of the rubber powder used in noise reducing mixtures should be of 0.6 

mm and should comply with the specifications established in ELT Rubber Use Manual in 

bituminous mixtures of CEDEX. 
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• Given the heterogeneity in nylon fiber supply, the supplier must ensure that fiber length 

and rubber content are maintained from the manufacturing stage of the LIFE SOUNDLESS 

mixtures and throughout the work of laying. 

• For plastic waste, the use of waste corresponding to low density polyethylene (LDPE) is 

recommended and it must be free of any impurity (soil or other foreign matter). 

• Stabilizing additives should be incorporated into the mixture directly to the mixer by means 

of suitable devices to dose them with sufficient precision. This incorporation should be 

done prior to the injection of bitumen and an additional pre-kneading time with hot 

aggregates must be established to favor the correct dispersion of these additives (around 

10% of the wet mixing time). 

6. Innovation and demonstration value. 

Previous research projects have shown a potential of reducing noise using different wastes, 

however this effect has only been tested at laboratory scale. LIFE SOUNDLESS has a 

comprehensive methodology to demonstrate that the new pavements are able to reduce noise 

from roads located in densely populated urban areas while maintaining low life cycle costs. 

Without European Union funding this methodology could not be applied. Thus, the mixtures 

have been studied in two sections of demonstration with different characteristics (different types 

of traffic and average speed), which implies a wider scope in the knowledge of the performance 

of the LIFE-SOUNDLESS mixtures. European Union funding has also enabled to measure a 

greater number of parameters in each of the auscultation campaigns, carry out a greater number 

of campaigns and increase the monitoring time. It should be noted that many development 

projects of this type of mixtures only carry out a measurement campaign after the placement of 

the mixtures, measuring only the noise by one method. Thus, it is not possible to study the 

sustainability of the mixtures or to analyze the causes of the loss of noise reducing capacity. 

The funding scheme of LIFE Programme has facilitated the involvement of DGI, the 

administration in charge of the demonstration sites. This is especially important, since most of 

the research projects are carried out by research organizations and companies and without the 

support of the Administration the implementation of demonstrative sections is difficult. 


