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DESCRIPTION OF THE COST ACTION
1.

S&T EXCELLENCE

1.1.

Challenge

1.1.1. Description of the Challenge (Main Aim)
Noise, especially at low frequencies, is a major environmental problem across Europe. Increasingly
more information is becoming available about the health impacts of noise. The latest publication of
the World Health Organisation (WHO) and the Joint Research Centre (JRC) of the European
Commission (WHO-JRC, 2011; Report on “Burden of disease from environmental noise”) shows that
traffic-related noise may account for over 1 million healthy years of life lost annually in the European
Union (EU) Member States and other Western European countries. In addition, the Guidelines for
EU Noise (WHO, 1999) acknowledge effects of environmental noise, including annoyance, as a
serious health problem. According to the European Environment Agency, more than 30% of the EU
population may be exposed to excessive noise levels causing annoyance, fatigue and sleep
disturbance.
Urbanisation, growing demand for motorised transport and inefficient urban planning are the main
driving forces for environmental noise exposure. There is a pressing need for lighter, thinner and
more efficient structures for the absorption of low frequency sound. Until now, porous materials (PM)
have been the common choice for noise control due to their ability to dissipate sound through thermal
and viscous losses. However, bulky and heavy PM treatments are required to absorb low frequency
sound. In addition, in many engineered systems (such as aircraft) the multifunctionality of the noise
reducing components, which need to carry mechanical loads and provide thermal or electromagnetic
insulation, is essential. This cannot be achieved using conventional PM.
For many years the development of noise reducing treatments has been the subject purely of
acoustics research. However, recent scientific advances provide a unique and timely opportunity to
bring about significant improvements in the design of noise treatments. Phononic and sonic crystals
(SC), acoustic metamaterials (MM) and metasurfaces (MS), mostly developed in EU countries, can
revolutionise noise control and in many cases replace traditional PM. The major breakthroughs are
expected in the areas where the traditional acoustics overlaps with new branches of physics and
mechanics. Moreover, it is expected that, not just attenuation, but also manipulation of sound by
compact devices and structures will be an important next step in addressing this issue. It is therefore
necessary to unite the efforts of all the scientific communities involved, which is the aim of this Action.
1.1.2. Relevance and timeliness
The importance of developing new approaches to design of noise reducing materials and structures
is now widely recognised. In 2012 a special issue of Journal of the Acoustical Society of America on
acoustic MM was produced, followed by a second issue on PM in 2013. In the Fall 2014 meeting of
the Acoustical Society of America (ASA), a special session has been organised on metamaterials
for noise control. A substantial amount of knowledge has already been generated by various groups
working on PM/MM/MS/SC across Europe and around the World.
The project “Sonic crystal noise barriers” (2008-11) funded by the Engineering and Physical
Sciences Research Council (UK) explored various designs of artificial SC barriers, using cylinder
arrays, to reduce noise from outdoor sources. Its continuation, project PEALS, “Periodicity Enhanced
Attenuating Layers and Structures” (2013-15), concerns a fundamental and wide-ranging study of
the potential of periodicity-enhanced structures and MM to provide compact solutions to the problem
of controlling low frequency noise and vibration. The Agence Nationale de la Recherche (FR) has
funded several projects in the field of SC and MM, such as SUPREME, “Superlens with negative
refraction using phononic cystals and metamaterials” (2009-11), METAUDIBLE, “Design of
metamaterials for absorption of audible sound” (2013-17), MIRAGES, “Active metamaterials and
phononic crystals controlled by electric and magnetic fields” (2012-15). The creation of a
Groupement de Recherche “Meta”, gathering all the French research in the field of acoustic

metamaterials, has recently been proposed. In Spain, the Ministry of Science has recently funded
the project “Control of sound diffraction in modulated media: focalisation, spatial filtering and
beamforming in transmission and reflection” (2012-14), while the Ministry of Economy and
Competitiveness sponsored the project “Novel devices based on electromagnetic and acoustic
metamaterials” (2011-14).
Although well funded by national research councils and industries, research activities in these areas
are confined within national boundaries, specific topics and objectives. The communities of
"traditional" acousticians working on PM, and physicists focusing on acoustic MM/MS/SC are still
disconnected. Physicists are often more interested in exotic properties of new materials than in their
practical applications, while acoustical engineers, who might have closer links with industrial
partners, are not always aware about the latest achievements in these fields. As a result, potential
applications of this science lack focus. Practical noise reducing treatments based on MM/MS/SC
and innovative PM are still extremely rare and the following unanswered issues remain:
- miniaturisation is a major issue as many applications require a thickness of at least the order of the
wavelength
- poor impedance matching between the host medium (such as air) and the MM/PM/SC structures
leads to unwanted reflections at the surface and thus affects their performance for sound absorption
and manipulation (for instance in acoustic lenses)
- sensitivity of the new treatments to the environment (temperature, wind, vicinity of ground and other
objects) is unknown in many cases
- multifunctionality is required for many applications where a single treatment should combine good
acoustic performance, thermal insulation, electromagnetic performances and mechanical stability
- nonlinearity can become substantial in many practical situations where high levels of sound are to
be treated
- although nonlinearity of traditional PM has been studied and well understood, nonlinearity in
MM/MS/SC is not
- tunability by an external field is a desirable feature of any treatment, but this subject has not yet
received a significant amount of attention.
A decisive step towards practical exploitation of the knowledge can only be achieved through
collaboration between the different communities of scientists, engineers and their industrial partners:
hence this COST Action.

1.2.

Specific Objectives

1.2.1. Research Coordination Objectives
Bringing together skills and knowledge of scientists working on MM/MS/SC and conventional PM
and their industrial partners around one common project: to design multifunctional, light and compact
noise reducing treatments with enhanced mechanical and thermal properties and to develop
objective and subjective methods and standards for their performance characterisation.
Overcoming fragmentation of research: due to the multidisciplinary nature of this research field,
the usual ways of information exchange are not effective. Acousticians, Noise Control Engineers
and physicists do not attend the same conferences and, often, do not read each others' papers. This
Action will focus on establishing cross disciplinary links. The regular Training Schools (TS) and
Workshops (WS) will provide researchers with a complimentary background in relevant areas (such
as wave interaction with PM for physicists or MM for acousticians).
Avoiding duplication of research activities: coordination of research will be achieved through
regular meetings of interdisciplinary Working Groups (WG), allowing each WG to be aware of the
others' work.
Exposing researcher to different environment through Short Term Scientific Missions (STSMs)
and exchange visits (at least 10 per year, 40 in total).
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Encouraging emergence of new collaborative projects and long term collaboration:
overcoming fragmentation of research over Europe and globally and establishing new
interdisciplinary links will inevitably lead to collaborative research projects (at least 4) and joint
papers and conference presentations (at least 100 over the 4 years).
1.2.2. Capacity-building Objectives
Strengthening links with industries manufacturing noise reducing treatments for a variety of
applications: the existing links will be reinforced and new links established through participation of
the Industrial Advisory Board (IAB) in the Action meetings, intensive WS specifically targeted at the
industry, and special conference sessions (for instance acoustic MM for noise control sessions at
INTERNOISE congress). Active involvement of industrial partners, in particular with Small and
Medium sized Businesses and Enterprises (SMB&E), in the network will help the science to focus
on potential application and new research will be driven by the needs of industry. The Action will
boost development and exploitation of lightweight, compact and environmentally friendly noise
reducing treatments for transportation, aviation, construction and the energy industry.
Acting as a stakeholder platform: the Action will bring together among the best researchers in PM
and MM/MS/SC, aiming to structure the acoustic material and structure for sound manipulation
community, and therefore strengthening the European Research Area. It will define future challenges
in the combined fields and create a white paper for future path forward with recommendations
towards industrial application. The Action will aim to standardise measurement and characterisation
procedures for MM/MS/new multifunctional PM.
Informing public, policy makers, architects and designers about the capabilities of modern
acoustic treatments through web portals, articles in newspapers and journals for broad audience
and regular participation in local science festivals.
Providing a productive environment for training of:
- young scientists and engineers with a broad knowledge in the field of acoustic materials and with
good research links within participating communities and industry
- practitioners (such as acoustic consultants) thereby making them aware about the new approaches
to design of acoustic treatments and their capabilities.
The following activities will ensure active participation and effective training of Early Career
Investigators (ECI):
- regular Training Schools and Workshops
- special conference sessions organised by the Action, in particular the final conference, allowing
them to acquire valuable presentation skills
- preparation of joint research proposals helping them to develop proposal writing skill
- active involvement in activities undertaken together with industry, as for example STSMs to help
them establishing contacts with companies and allowing them gain insight in the complexity of the
problems, technological and economical constraints faced by the industrials.This will be an
advantage in case they choose further career in the industrial sector.
ECI will thus be encouraged to interact closely with senior researchers and their peers, allowing
them to develop useful networks.
Encouraging women involvement in the field of noise reducing materials and structures by
establishing a network of female students, ECI and well-known scientists/engineers/consultants:
- senior female researchers will be encouraged to act as speakers at TS and WG meetings and to
take leading roles within the Action
- young female researchers will be actively encouraged to participate in the different events, in
particular TS and STSM; efforts will be made to organise childcare
- achievements of female researchers will be emphasised on the Action website and in the media
- the best practice of achieving gender balance in participating groups, institutions and by national
scientific societies will be adopted by the Action.
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Active participation of women in the network will provide a career support for young female
researchers.

1.3.

Progress beyond the state-of-the-art and Innovation Potential

1.3.1. Description of the state-of-the-art
SC are periodic arrays of inclusions in a solid or fluid such as air. Reduced transmission in stop
bands results from multiple scattering and depends upon the spacing, the size and the shape of the
inclusions. SC could be efficient as transparent noise barriers and for sound manipulation. Their
properties are tunable so that broadband efficiency and adaptive capabilities can be achieved.
Combining SC with PM, for example by using rigid inclusions with porous absorbing covering,
reduces the variation of the transmission loss with frequency due to the stop/pass band structure
and improves the overall attenuation in the higher frequency range. SC with defects can be used for
focusing and redirection of sound which is beneficial for traffic noise barriers.
Locally resonant MM designed by dispersing resonant basic elements (such as Helmholtz
resonators, elastic shells and mass loaded membranes) in a host medium possess stop bands at
wavelengths that exceed the spacing between the inclusions. This is a crucial advantage enabling
the designs with extreme volume-specific capabilities. Graded index MM are designed by varying
the basic elements and their concentration and thus achieving spatial variation of their characteristic
properties. Examples include the gradient acoustic lens, the invisibility cloak and an omnidirectional
sound absorber (acoustic “black hole”). MS exploit the modulation of the geometry, material
properties or resonance characteristics of a plane for attenuating and guiding sound and vibrations.
MS can enhance attenuation during near-grazing sound propagation over a surface and optimise
multi-field interactions at the boundaries. Microstructure based design of PM has become possible
due to recent developments in imaging techniques (CT-scanning) and numerical models. The
multiscale PM (e.g. activated carbons) are efficient low frequency absorbers due to sorption
processes in their nanopores. Highly anisotropic graded porous structures can provide enhanced
acoustic and thermal insulation by combining open and closed cells. In hybrid treatments, containing
both PM and MM, viscous and thermal losses are coupled with those due to added inclusion
resonances. Even for very thin layers of PM with dispersed inclusions (metaporous materials), nearly
total absorption can be made broadband, including very low frequency. Another way of exploiting
resonances is to add partially closed (dead-end) pores to an open pore structure.
1.3.2. Progress beyond the state-of-the-art
The following questions need to be answered before multifunctional, light and compact noise
reducing treatments become everyday reality:
1. How can impedance matching be further improved for PM/MM/SC so that unwanted reflections
are minimised in a wider range of frequencies and angles of incidence, particularly when flat
treatments are used? What is the most effective way of introducing a functional gradient (such as
porosity gradient for PM treatments, filling fraction gradients for MM and SC) while keeping the
treatments compact? How can anisotropy of SC and MM structures be effectively controlled? How
can perfect absorption be achieved over a wide frequency range?
2. How can the performance of noise reducing treatments be made less sensitive to changing
operational environments? How can the strong temperature dependence of the elastic properties of
many materials used in noise and vibration applications be controlled to maintain their acoustic
performance in a wide temperature range ? How can the performance of SC or MM structures be
made less sensitive to the presence of flow (wind) and high humidity? How can the effect of ground
be quantified?
3. How can new treatments be adapted to combine good acoustic, mechanical and thermal
performance? To be multifunctional, the materials often have to satisfy conflicting technical
requirements, such as open cell structure for good acoustic absorption and closed cells for thermal
insulation. How to combine MM (particularly in the form of SC) and MS with solar PV cells thereby
combining noise control and renewable energy generation?
8

4. How strong are effects of nonlinearity on the acoustic performance of materials and structures?
How can nonlinearity be exploited to assist/improve the acoustic performance at high excitation
levels?
5. How can acoustical and thermal properties be effectively tuned by a control parameter? The
possibilities might include electromagnetic interaction in the MM lattice that changes its structure
and thus tune effective properties, changing properties of the resonators in active MM by applying
external voltage. Acoustic properties of PM can be changed by compressing them in a controllable
way. Position and width of stop/pass bands in SC can be tuned by rearranging, modifying or, in some
cases, rotating their basic elements.
1.3.3. Innovation in tackling the challenge
Although the new materials/structures offer significant possibilities for noise and vibration control,
together with good thermal insulation performance, the industries are not always aware of this and
many of their benefits still need to find practical applications. For this reason a cooperation of
multidisciplinary teams of theoreticians, experimentalists and their industrial partners is necessary
over the whole Action. WG3 is dedicated to innovation and is under the guidance of the some
important industrial actors. Innovative products are expected in the following domains:
Transportation industry: acoustic/vibration insulation requirements hinder much needed efficiency
gains for curbing environmental impact.
Aviation industry: engines developed for reduced fuel consumption result in low speed and
pressure fans and inlet flow distortion that produce low frequency noise.
Building industry: thinner sound and thermal insulation is required for space efficient building
elements.
Energy sector: pipeline and machine insulation for petrochemical industry and renewable energy
(wind-turbines).

1.4.

Added value of networking

1.4.1. In relation to the Challenge
At the planning stage of this Action,the network involves partners from 23 laboratories from 10 COST
countries and 1 International Partner Country (IPC) gathering some of the most important and
complementary teams working on PM and MM/MS/SC worldwide, and 10 industrial collaborators,
among which 3 SMB&E. This COST Action is the most appropriate mechanism to coordinate the
efforts of scientists working at different institutions and on different topics around this specific project
and the most adapted to promote young researcher investment in the field as well as gender balance.
1.4.2. In relation to existing efforts at European and/or international level
A number of European projects dealing with design of materials and structures for noise reduction,
in which some of DENORMS partners are involved, are complementary to this Action. The FP7
Transport project HOSANNA, “Holistic and Sustainable Action against Noise using a combination of
Natural and Artificial means” (2007-13), aimed at developing powerful and sustainable natural and
artificial means of environmental noise reduction, including innovative noise barriers based on SC,
a combination of SC and conventional barriers and periodic treatments of ground surface to enhance
ground effect. The FP7 collaborative network X-NOISE (2010-14) in the area of aeroacoustics aimed
at developing sound absorbing concepts to lower the exposure of community to aircraft noise. The
aim of FP7 JTI HEXENOR “Development of Helicopter EXhaust Engine NOise Reduction
technologies“ (2012-14) was to develop and manufacture a helicopter engine exhaust muffler in
order to efficiently reduce noise. The FP7 ITN FlowAirS, “Silent Air Flows in transport, buildings and
power generation” (2011-15) focuses on generation, propagation and reduction of sound in flow
ducts for transport, buildings and power generation; one of its work packages being devoted to the
use of MM in silencers.
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Most of these projects focus on very specific final applications, while the present Action aims at
gathering two communities around a common scientific problem, encompassing the whole aspects,
that will lead to innovation in various fields of application.
More complementary projects might appear during the lifetime of this Action. In all cases
collaborations will be intended. Efforts will also be made to submit joint multidisciplinary research
proposals. Possible collaborations in the organisation of TS and WS are also envisaged with the
European Acoustic Association (EAA), the ASA, the Symposium on the Acoustics of Poro-Elastic
Materials (SAPEM), and the Material Research Society (MRS).

2. IMPACT
2.1.

Expected Impact

2.1.1. Short-term and long-term scientific, technological, and/or socioeconomic impacts
The main impact of the Action will be the competitive edge which the European manufacturing
industry will get as a result of this research: EU leads on MM and SC research, being a good
opportunity to build up strengths in this area and develop innovative products. Another impact will
be the capability of the EU to deliver noise control solutions which are slimmer, cheaper and more
efficient. This will have a massive impact on the noise control project costs, material and energy
consumed. Finally, the reduction of overall noise annoyance outdoors, in built and industrial
environments will improve citizen welfare.
Other impacts are:
- linking scientists from different research communities into a single multidisciplinary European team
with strong connections around the world
- developing an even closer relationship between the scientific community and the leading European
manufacturers of noise reducing treatments thus boosting the development of innovative products
- contributing to the development of SMB&E by establishing several spin-off companies marketing
new technologies
- training a new cohort of young researchers with truly multidisciplinary skills.

2.2.

Measures to Maximise Impact

2.2.1. Plan for involving the most relevant stakeholders
The target groups/end users of the Action will be academic sector, industry and general public:
- the establishment of the European network of scientists will raise standards of research and
establish European leadership in research on MM/MS/SC and PM (during the planning of the Action,
29 partners from 10 COST countries have agreed to participate in the Action).
- representatives of 10 industrial organisations have agreed to participate in the Action and have
been involved in its preparation. Leading European manufacturers participating in the Action will
improve their competitiveness in the world economy. Moreover, the industrial sector will benefit from
the skills of the new generation of young researchers trained within this Action who choose to pursue
their career in the industry. Eventually, general public will benefit from new anti-noise products
developed during the Action.
The number of involved researchers and industrials will grow over 4 years. Furthermore, the use of
web meeting format and on-line information exchange or complementary tutorials will allow a wider
dissemination of the knowledge therefore enhancing the Action impact and attractivity.
2.2.2. Dissemination and/or Exploitation Plan
A strategic dissemination plan will be approved during the first MC meeting and will be constantly
revised during the implementation of the Action. An outreach manager will be responsible for
ensuring the effective dissemination of the Action results. The dissemination activities targeting
internal and external groups will be adapted to the audience. The partners will be encouraged to
disseminate their research results as widely as possible to maximise their impact.
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DENORMS main communication tool will be its website where a public part will provide information
about the network, work program, events, ongoing research and progresses, open-access
publications, etc. Basic advanced training material, including multimedia files (sounds, TS and WS
video recording, animations, databases, open source software, software toolboxes) will be available
as well as job and PhD position advertisements and information about funding opportunities from
national and European agencies. The website will be cross-linked to different acoustic associations’
websites (European Acoustics Association, national Acoustical Societies...).
Dissemination among the network:
- the website will include a restricted area where the partners can share either administrative
documents (contact list, information on the past and upcoming meetings, reports...) or scientific tools
(computer codes, data, documents to prepare joint research proposals, articles of interest...)
- regular meetings will allow active exchange of information. WG Leaders will be responsible for
keeping the information about their WG activities visible
- STSM will be a good opportunity to exchange and share knowledge between the partners.
The scientific community:
- regular TS and WS will be open to the public. In parallel, the Action participants will present their
research results during international conferences (including the Euronoise, Phononics, Forum
Acusticum-joined EAA/ASA meeting, Meta', etc.). The partners will organise joint scientific meetings
together with other research groups working on related thematics
- Action partners will publish papers in a wide range of peer-reviewed journals, primarily those with
relevant open-access policies. As mentioned, they will be uploaded to the public area of the Action
website following the European Open Access policy
- each WG will present its scientific results during Working Groups meetings/Workshops and
prospects for the future during a final conference.
The European industry:
- industrial partners will benefit from the multi-sectoral nature of the network. Existing and new links
among the participants will be reinforced, fostering long term collaboration
- each partner will use its connections with the industrial sector (subsidiaries, contractors, suppliers)
to spread research results. In addition, booklets describing the capabilities of new noise reducing
materials and treatments and articles in revues such as Acoustics Bulletin published by IOA (UK) or
Acoustique &Technique by CIDB and SFA (FR) will be published for industrial public
- talks will be given by the Action participants during industrial forums and meetings of local branches
of professional societies (SIA, etc.)
- other sectors, such as architects and landscape designers, might be interested in direct application
of newly developed noise treatments indoors and outdoors
- patents will be filed and their exploitation will be managed by the Intellectual Property Right (IPR)
policy defined in the consortium agreement (see § 3.1.3).
European, national and regional level policy makers:
as a stakeholder, the Action will raise awareness of policy makers about modern ways of noise
mitigation. Results will be used for the evolution of international standards, giving more accurate
measurement procedures, since various Action members are involved in standardisation activities.
The public:
citizens will be the final beneficiaries of the Action research results through the improvement of better
sound insulation in buildings, automotive industry, aeronautics, etc. Furthermore, in order to create
awareness among the public, in particular the youngest ones, the Action partners will be encouraged
to communicate regularly on their research toward a non-scientific audience. They will be assisted
in this task by the local centres for scientific and technological literacy which will provide them tools
for more efficient communication:
- school visits and active participation in local and European science popularisation events such as:
European Researchers' Night, sciences fairs, activities of the Women & Science association
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- writing articles in newspapers or dedicated magazines (e.g. New Scientist, Physics today,
Acoustics in Practice, Acoustique et Techniques, Maine Sciences). A press release will be
broadcasted among different media
- producing posters, giving public talks and TV interviews.
Web media such as wikis (articles), video-sharing website (e.g. a channel on YouTube or
Dailymotion), and usual social networks (account on Twitter and/or LinkedIn group) will be used for
a wider and active dissemination.

2.3.

Potential for Innovation versus Risk Level

2.3.1. Potential for scientific, technological and/or socioeconomic innovation
breakthroughs
Breakthroughs are expected into 3 domains, which define the 3 WG involved in this Action.
From the modelling point of view, the fields of MM/MS/SC have developed rapidly in the recent
years. A variety of new modelling techniques have emerged capable of predicting the macroscopic
material properties from the geometry of the elementary cells and their arrangements. These include
a bottom-up approach for predicting the macroscopic properties of MM and SC, composed of
repeating units with relatively simple geometry, from the knowledge of their microstructure. Although
the control of microstructure of PM is more difficult to achieve and full control is hardly ever possible,
the bottom-up approach has gained in popularity during the last decade. This has become possible
due to emerging imaging techniques and new numerical methods. Advances in manufacturing
processes, enabling better control over the microstructure, have boosted the progress in the
development of PM with specific desired properties such as PM with multiple scales and dead-end
pores. A bottom-up approach to design multifunctional materials, i.e., those combining good
acoustical, mechanical and thermal properties, is still to be developed. So far the theoretical efforts
have concentrated on simplified geometries in an ideal environment and have assumed low levels
of acoustic excitation. Interestingly, the basic elements of locally resonant MM/MS/metaporous
materials can behave in a highly nonlinear manner. However, no systematic studies or modelling of
their nonlinearity thresholds, the nonlinear interaction between them and the influence of their
nonlinearity on the overall performance of the structure, have been performed. The possible
influence of nonlinear behaviour of the host fluid on the performance of SC and MM is also an
interesting issue. Moreover, PM can be embedded in MM and SC structures resulting in absorbing
composites of great complexity that, for their understanding, would need a collaborative effort
between the groups involved in separated fields. This WG will develop theoretical/numerical
techniques for reliable predictions of material/structure performance under realistic conditions such
as extreme temperatures (i.e. cryogenic and high temperatures), wind and contamination by
chemicals for possible use outdoors, in aircraft or in automotive industry.
From an experimental point of view, so far three standard laboratory methods have been used to
characterise noise reduction by materials/structures: impedance tube measurements, reverberation
chamber measurements and the so called Tamura method for oblique incidence and diffuse field.
Tests for measuring the physical properties of PM necessary to predict their acoustic performance,
such as static viscous and thermal permeabilities, tortuosity, characteristic viscous and thermal
lengths and porosity, have been developed in the last decades. Performances of SC, MS and MM
have been measured in both laboratory and in field tests where insertion loss is used as the main
indicator of performance. Although impedance tube and Tamura methods can be used to
characterise MS, this is still not common since level difference spectra are used more commonly
and provide the most convenient method outdoors. Shock tube measurements are being used to
characterise the material performance in the nonlinear regime. Obviously, some of these methods
can be adapted for new materials and structures to be tested in a range of environmental conditions.
However yet no standard methods exist for characterising SC, MM and MS. Moreover, even the
most established methods have their drawbacks. For instance, absorption coefficients measured
using reverberation method can exceed unity due to sound diffraction by the edges of finite size
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structure. This complicates the characterisation of finite size MM structures and the validation of
models. Impedance tube tests require a “representative volume”, which might be difficult to achieve
for materials with relatively large elementary units or metaparticles. Measurements in larger diameter
tubes require that the modal structure of the field appearing for wavelengths comparable to or shorter
than the tube diameter is taken into account. A similar problem occurs when large diameter shock
tubes are used for measurements in nonlinear regime. More importantly, the emergence of new
materials and surfaces for applications in acoustics requires the development of new methods of
their performance and structure characterisation. Examples, among others, include characterisation
of functionally graded PM, measurements of characteristic parameters of PM with multiple scales
where performance is affected by sorption and molecular diffusion. This Action will boost the
development and standardisation of new experimental methods specific to MM/MS/SC/metaporous
materials/new PM.
From an industrial point of view, in most applications, where broadband sound attenuation is
required, PM are used. In many cases this results in bulky and heavy treatments which may hinder
the performance and increase energy consumption. In extreme conditions, such as in aircraft
interiors, where weight is of particular concern, the use of metal foams for sound attenuation is
widespread due to their lightness and ability to withstand high temperatures. In many applications
(for instance in construction industry and pipelines), the use of separate functional layers for
respectively acoustical and thermal insulation is still necessary. Mechanically robust and compact
materials/ structures that combine excellent acoustic and thermal insulation will be specifically
designed to resolve these problems.
There are no prediction schemes or standards that account for MM or MS. We will seek to become
involved in the relevant committees and to draft new clauses and provisions to take account of the
COST Action developments.

3. IMPLEMENTATION
3.1.

Description of the Work Plan

3.1.1.

Description of Working Groups

The Action is divided into 3 interacting WG, which complement each other. Each of them aims at
specific breakthroughs. In addition, regular events will allow to share the scientific knowledge and to
provide a common background to all the Action partners:
Workshops: 8 WS, for example lasting 1 to 2 days, will be organised on specific scientific topics.
They will be open to participants outside the Action and will contain sessions specifically targeting
the industry.
Training schools: 4 TS, for example lasting 2 to 3 days, will be organised (in average 1 per year).
They will be mostly aimed at PhD students, ECI and the industry. Local organising committees will
be responsible for preparing and running the TS. Each of them will include lectures and seminars
from the leading scientists on theoretical and experimental methods used in the fields.
Videoconferencing facilities will be employed to enable wider participation. Video and audio
recordings of all lectures will be available via the Action website.
STSM: they will concern both young researchers, leading scientists and industrial partners to
encourage trans-sectoral and interdisciplinary exchanges of expertise and to prepare proposals for
joint projects. Each visitor will give a seminar presentation at the host institution in order to
disseminate the results and help to better coordinate the scientific activities.

WG1. Modelling of sound interaction with noise reducing materials and structures
WG1 will unify approaches to the problem and foster exchange/adaptation of modelling techniques
from the adjacent research areas. Some of the techniques originally developed for nonlinear
electromagnetic MM will be useful for modelling nonlinear acoustic MM. Based on the expertise of
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its members, WG1 will provide a clear focus on multifunctionality, specifically developing materials
and structures capable of excellent acoustic as well as thermal and mechanical performance.
The modelling will involve five major steps:
1) first, a general theoretical framework will be developed
2) this will be applied to materials with a simplified geometry to allow easy experimental validation
3) numerical models for more realistic geometries will be developed within a general theoretical
framework and validated afterwards (by WG2)
4) engineering: easy-to-use semi-phenomenological models based on a minimum number of
independently measurable physical parameters will be developed for use in applications (by WG3)
5) finally, the proposed structures will be optimised for each specific application. For this goal models
allowing the calculation of the quality indexes applicable to a given application are necessary
(interaction will be needed between WG3 and WG1). This approach, although most productive as it
provides a direct pathway from a general theory to applications, is difficult to follow within one
laboratory due to lack of skills required. Thanks to this Action, it will be achieved as the result of
collaboration between the partners having expertise in a variety of modelling techniques.
WG1 will communicate closely with the industry involved in the network as the latter will be setting
goals for materials/structure performance for different applications.
The major tasks of WG1 will be:
- rigorous analysis of losses for MM/MS/SC with local resonances: finding a compromise between
broadband performance inherent to lossy systems and wave localisation due to resonances
- new homogenisation techniques:
*for multiscale PM/MM/MS and metaporous materials: homogenisation of PM with inner resonances,
arrays (embedded into PM or on hard surfaces) with strong near field interactions of multiple degree
of freedom resonators (meta elements) and PM with multiple scales
*starting from nonlinear equations of fluid motion combined with nonlinear equation of state of the
host fluid: this will result in equations governing high intensity wave interaction with PM, MM and
hybrid treatments. Models for high intensity waves and strong flow-structure interaction will account
for weak and strong nonlinearity of host fluid and inclusions
- development of compact MM layers and MS to effectively match the impedance of air to that of the
conventional porous absorber, MM and metaporous materials
- design of compact basic elements with very low frequency resonances for locally resonant MM/MS:
meta elements consisting of coupled Helmholtz resonators, Helmholtz resonators coupled with other
elements, such as membranes and shells will be investigated among others. This part also includes
the development of non-resonant MM with broad low frequency bandgaps
- models of effective sound manipulation by graded index arrays for different applications (outdoor
barriers, noise concentrators, super-absorbers). For graded index MM/MS, grading on subwavelength scale will be achieved
- models that account for interactions of MM/SC/MS with the operating environment
- microstructure based and empirical models for multifunctional PM/MM/metaporous materials
capable of operating in a broad temperature range
- numerical methods: efficient time domain methods for modelling wave propagation in the nonlinear
regime, finite element models of sound interaction with poroelastic media, metaporous materials,
MS and adaptation of Finite-Element models for the nonlinear regime.
The following methods and means will be used:
- analytical techniques for modelling sound interaction with a single meta- particle and -element.
- asymptotic methods for homogenisation and estimation of stop/pass bands bounds in SC/MM
- methods based on Bloch-Floquet theorem to model wave propagation in periodic structures:
multiple-scattering technique to model sound interaction with finite size SC/MM structures, etc.
- finite element models for PM with complex microstructure
- molecular dynamics simulation technique to investigate the effect of sorption and molecular
diffusion in nanopores of multiscale PM
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- optical image processing techniques to reconstruct representative 3D elements of microstructure
from 2D scans including micrometer and nanometer size local geometry features
- inverse analytical methods based on the acoustic response for the reconstruction of pore
morphology gradient.
Among publications in scientific journals, deliverables will be:
- organisation of TS1 "Acoustic waves in periodic and atypical structures: metamaterials, structured
surfaces, sonic crystals", and co-organisation of TS2 “Acoustic waves in porous/poroelastic
materials and heterogeneous medium”
- organisation of WS1 on MM/MS/SC, WS2 on PM, and WS3 for brainstorming
- a white paper for future path forward/with recommendations towards industrial application.
WG2. Experimental techniques
There will be a close interaction between WG 1 and 2: models developed by WG1 will be validated
in experiments by WG2; experimental findings will further boost the modelling work of WG1. To be
able to perform experiments on MM/MS/SC/new multifunctional PM, they need to be produced. For
this reason contacts with industrial partners able to manufacture new material concepts are very
important and will be achieved through close collaboration between WG2 and 3. Active
communication with WG3 will also help to establish the range of conditions/ parameters for the
experiments as well as threshold levels of performance necessary to achieve in applications. Thanks
to close collaboration between experimental groups, it will be possible to consider different levels of
accuracy in experiments: from very precise in the laboratory to simple methods for use in industry.
Round Robin tests will be performed, leading to pre-standardisation directives.
The major tasks of WG2 will be:
For MM, metaporous materials and MS:
-standardisation of experimental methods:
*to measure basic acoustic properties, such as wavenumber and impedance, with a special attention
paid to nonlocal parameters
*to measure material properties in the nonlinear regime: investigation level excitation dependence
of characteristic parameters
*to characterise a) their basic units such membranes, resonators or their arrangements (meta
elements), b) the finite size structure performance
- dynamic mechanical analysis methods to determine the elastic moduli for a range of temperatures
and frequencies.
For new multifunctional PM:
- experimental methods:
*for reconstructing inhomogeneous profiles of multifunctional materials: 3D printing, assembling
slices and patches of homogeneous materials
*for characterisation of complex microstructures: the main geometric features will be identified and
quantitatively described for material types
*for measuring the volume fraction of dead-end pores: a first technique will be the use of
microtomography for the visualisation of the porous microstructure
*for measuring the parameters governing dynamic processes in small pores of PM with multiple
scales: both direct methods, such as isotherm measurements, and indirect methods based on
frequency response technique will be used
- microstructure imaging techniques: optical micrographs, scanning electron micrographs, X-ray
tomography and magnetic resonance imaging. These are complimentary techniques allowing
access to different scales, resolutions and dimensionalities within a wide range of acquisition times.
They will be compared with (i) experimental techniques for characterisation of complex
microstructure (described above) and (ii) standard stereological methods. Appropriate
recommendations about the most appropriate techniques will be developed for each application
- remote characterisation techniques, e.g., acoustic holography (Tamura's method). Acoustic
holography allows reconstruction of a sound field anywhere in the space from measurements at a
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certain plane. Based on this, material parameters can be determined, in particular angular
dependent reflection coefficient. Usually these techniques are applied to PM. It will be interesting to
adapt them for acoustic characterisation of MM/MS/SC, which are most often spatially periodic,
causing particular diffraction effects
- laser ultrasonic characterisation of MM/MS and thin porous layers used in semi-conductor industry:
mapping and understanding the relation between the microstructure and elasticity will give insights
applicable to porous silicon MM/MS
- experimental determination of microelasticity: PM and MM offer a colourful playground of multiscale
physics, in which the elasticity on the smallest scale (porous fibre or cell wall) play a crucial role in
bottom-up modelling approaches. Microscopic optical displacement detection techniques will allow
quantifying the elastic behaviour of the smallest fibre and cell structure, yielding information to
macroscopic models, and cross-validated with macroscopic measurements.
For finite size MM structures and SC:
- standardisation of methods for the reflection and transmission properties of noise screens and
barriers in situ
- auditory tests and psychoacoustics measurements are the only method to assess the qualitative
aspects of such structures. For this purpose, typical psychoacoustic features, such as loudness,
sharpness and roughness, will be measured based on waveform recordings. Auditory experiments
will be carried out in order to compare MM structures and SC to common and well known devices
- field trials and in situ measurements in extreme environments and varying meteorological
conditions.
The following methods and means will be used:
- stereolithography and 3D printing for material processing and manufacturing
- impedance tube measurements
- shock tube measurements for nonlinear performance
- measurements of random incidence absorption coefficient based on reverberation time
- ultrasonic characterisation methods
- frequency response technique for measuring dynamics of processes in nanopores
- laser scanning vibrometry
- complex level difference technique for deducing effective impedance of MS
- audio recordings (including binaural) for SC efficiency
- auditory tests (sound proof cabin, playback system) for SC efficiency.
Among publications in scientific journals, deliverables will be:
- co-organisation of TS2 “Acoustic waves in porous/poroelastic materials and heterogeneous
medium” and organisation of TS3 "Acoustic waves in periodic and atypical structures: structured
surfaces, sonic crystals" and "developing standard methods of characterising SC and MM"
- organisation of WS4 on standardisation and measurement of MM/MS/SC, WS5 on standardisation
and measurement of PM, and WS6 on New acoustic materials
- two Round Robin test conclusions on MM/MS/SC and PM
- pre-normalisation procedure for measurement and characterisation for MM/MS/SC/PM.
WG3. Industrial applications
The mechanically robust and compact materials/structures that combine excellent acoustic and
thermal insulation identified by WG1-2 will be designed to resolve these problems. The aim of WG3
will be to investigate the potential for exploitation both of the beneficial properties of new
materials/structures and the models and experimental techniques developed by WG1-2. Existing
and new links with the industry will be vital for producing prototypes which will be used to validate
the models. The industrial partners will advise the network about the market stimulating the match
between the scientific effort and the technological/societal needs.
Simulations and real life tests will be performed for identifying the impact of new treatments in
applications. The performance in hostile conditions will be tested in field trials.
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Several real-life applications will provide a ‘road test’ for the models and will demonstrate the
practical benefits of the new materials. Below some of possible applications are outlined and can be
considered as possible major targets/deliverables of WG3:
Gas turbine silencers: equivalent fluid properties will be obtained using the new models for a
number of existing PM with multiple scales and MM at elevated temperatures. They will be input to
the existing silencer models along with those for conventional infill materials. The benefits of the new
silencer designs will be quantified as the improvement in flow resistance for like-for-like acoustic
performance and vice versa. A final step will be to use the models to ‘reverse engineer’ the
(hypothetical) ideal material properties - the possibility of realising such a material, either occurring
naturally or by design will be considered.
Improved acoustic materials for vehicles: identify combinations of conventional and new
materials/structures which deliver the same acoustic performance for reduced weight/thickness, or
improved performance for the same weight/thickness. Complex impedance and wave attenuation
will be calculated using the new models for a number of new materials and the results confirmed by
testing in an impedance tube. The performance of the novel material combinations will be optimised
and compared against conventional configurations. The best performing combinations will be
mocked up and the ideal material properties will be manufactured.
Acoustic materials for construction industry: low transmission screens made of MM and PM will
be retro-fitted to the partition walls. Their effectiveness will be tested and compared with those of
other acoustic treatments. The performance of the multifunctional treatments providing the best
thermal/acoustic insulations will be tested and compared with the conventional materials.
Materials for aeronautical industry: PM are inherently lighter than traditional non PM. They are
good sound absorbers and can also be good vibration dampers, being therefore particularly well
suited for the aeronautical and aerospace industries. The multifunctional properties of new materials
studied (mechanical, thermal, acoustic and vibrational) is of major importance for these industries.
The potential for producing MM structures using 3D printing will be explored.
Combined thermo-acoustical insulation for gas and petrochemical industry: design of new
thermo-acoustical treatment, based on functionally graded PM with optimised performance, is aimed
at replacing the existent bulky and complex to maintain multilayered insulation in cryogenic systems
and connected pipework.
Metasurfaces for outdoor noise control: The insertion losses due to various forms of MS will be
measured in the laboratory and in the field with the aim of designing surfaces for deployment along
surface transport corridors.
Finally, a detailed exploitation plan will be developed.
Among dissemination specifically targeted to the industry, deliverables will be:
- Organisation of TS4 "Industrial application of new acoustic materials in the automotive, aeronautics
and building industries"
- Organisation of WS7 and WS8 on Industrial applications
- Pre-industrialisation of the new acoustic materials for sound manipulation.
Common deliverables are:
- joint proposal for collaborative projects in the framework of Horizon 2020.
Common Milestones are:
- WG Leaders regular meetings (every 6 months) and report (from month 6 to months 32 for WG1,
from month 13 to month 38 for WG2, and from month 18 to month 48 for WG3).
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TS(1) will possibly be planned as a satellite of EuroRegio2016; TS(2) as a ASA Satellite event; TS(3)
as a SAPEM Satellite meeting; and WS(3) will take place together with a MRS meeting.
3.1.3. Risk and Contingency Plans
The MC will ensure the respect of good research practices according to the “European Code of
Conduct for Research Integrity” . Risk identification will be based on the experience and expertise
of the Action members. When identified, reports will be sent to the MC and the IAB that will propose
a solution: by assessing the risk effects, ranking the risks (probability, impact, criticality index),
searching and planning processing actions, and monitoring results.
The main risk yield in the practical application of the designed acoustic material. It will be minimised
by the IAB and WG3 industrial leaders. None of the industrial partners is direct competitor in their
field. A consortium agreement will be signed to avoid any IP difficulties. The MC will be in charge of
the IP, leading the development of the exploitation plan and ensure that it is regularly updated. Where
new IP is developed based on a combination of pre-existing know-how and project results, a division
of the IP will be made reflecting the contributions of the partners. Whenever possible, patents will be
filled and managed by the IPR policy defined in the consortium agreement. Another risk yield in the
large number of partners involved in the Action. Sub- Working Groups of smaller size might be
formed inside each WG. The WG Leaders will be responsible for insuring efficient coordination of
their activities.

3.2.

Management structures and procedures

Management Committee (MC): formed by senior scientists/engineers representing each
participating COST Country.
Industrial Advisory Board (IAB): gathers the representatives of industries involved in the Action.
Together, the MC and IAB will be responsible for the delivery of the results. They will meet annually
to define the Work and Budget Plan for the forward coming year. During the first meeting, The Action
Chair and Vice Chair, 3 Working Group Leaders (WGL), a website coordinator, an outreach
manager, a STSM manager and a gender balance coordinator will be elected:
- WG Leaders: elected during the first meeting, they will be in charge of coordinating research
activities within their WG and to ensure collaboration between the different WG. WG Leaders will
18

meet twice a year, once during the MC meeting and once independently, to discuss the results and
the actions required. Conference-calls will also be organised to make necessary adjustments to the
plans of activities. Every 2 years, they will report to the MC about the activities and achievements of
their milestones.
- Website coordinator: s/he will be responsible for maintaining and updating the Action website as
well as ensuring the visibility of the Action on the social networks.
- Outreach manager: s/he will be responsible for making the Action activities public. S/he will
coordinate the preparation of articles for popular science and general media as well as industry
oriented publications. S/he will cooperate closely with the website coordinator to ensure that
information is broadcasted and accessible to the targeted public.
- STSM manager: S/he will receive proposals from scientific groups and companies and prepare an
annual plan of STSM according to the budget available and partners’ needs. This plan will be
approved at the MC meeting. Short reports will be collated and form a part of annual reports.
- Gender balance coordinator: S/he will be responsible for the activities aiming at increasing the
number of female scientists/engineers involved in the Action activities. Female researchers will be
actively encouraged to take leading positions such as WG Leadersand MC members.
To ensure the efficient implementation of the work program and a relevant cooperation among the
Action members, regular meetings will take place coupled with a TS or WS:
- Annual MC and IAB meetings: the plan of activities for the following year will be approved. This
includes organisation of TS, STSM, special conference sessions, collaborative work with the
industry, preparation of joint research proposals and outreach activities. The strategic plans will be
made according to the budget available and coordinated with the annual milestones.
At Years 2 and 4, the WG Leaders will report about their activities and achievements. Each WG
activities plan will be revised by MC and all 3 will be merged into a single document. At Year 3, plans,
organisation team and budget for the final Action conference will be approved. At year 4, the final
meeting will coincide with the final conference to approve the final report.
- Biannual WG Leaders meetings: will plan the tactics of coordination activities between the
groups.
- Regular WG meetings: will be organised under the responsibility of the WG Leaders.

3.3.

Network as a whole

During the planning phase, this Action yields on 23 internationally recognised laboratories from 10
COST countries, 1 ICP and 10 industrial collaborators, including main companies in transportation
and aviation industry, material manufacturer for the construction industry as well as SMB&E. The
main acoustic and physic laboratories working in MM/MS/SC across Europe are involved, gathering
a critical mass of researchers in the field. The number of members involved is large but
representative of the field and necessary in regards to the importance of the challenge: each of them
has unique expertise and dedicated experimental set-up which complements the others'. In addition,
this Action constitutes a unique chance of networking with researchers from COST Countries, Near
Neighbourg Countries and IPC thus creating a worldwide community of physicists and acousticians.
This collaboration will provide an excellent environment for training research students, thereby
contributing to the emergence of a new generation of engineers and scientists with excellent
knowledge of the research field and its applications.
The participation of innovative SMB&E to the project will allow the academic researchers to have a
close connection with applied research and small research teams, while the big companies will give
connections to the market trends and to the end-users expectations. They will also provide insight
from laboratory prototypes to final products. Thank to a synergic approach between scientists and
industrial partner, the Action covers the main application fields of acoustic MM/MS/SC and PM and
is able to tackle Technology Readiness Levels (TRL) from 1 to 9.
The network will therefore help to strengthen the EU leadership in the field of MM/SC/MS/PM.
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