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An optimal dimensioning method of a green wall structure for noise pollution reduction

Introduction

Environmental degradation in cities leads public authorities to think about new ecological and sustainable solutions. Among them, the green walls and roofs highlighted their contribution in terms of thermal insulation [START_REF] Sakhani | Thermal impacts of vertical greenery systems[END_REF][START_REF] Serra | A novel vertical greenery module system for building envelopes: The results and outcomes of a multidisciplinary research project[END_REF][START_REF] Libessart | Measuring thermal conductivity of green-walls components in controlled conditions[END_REF][START_REF] Pan | Eect of plant traits and substrate moisture on the thermal performance of dierent plant species in vertical greenery systems[END_REF][START_REF] Li | Inuence of foliage thickness on thermal performance of green façades in hot and humid climate[END_REF], energy eciency [START_REF] Pérez | Vertical greenery systems (vgs) for energy saving in buildings: A review[END_REF][START_REF] Omrany | Application of passive wall systems for improving the energy eciency in buildings: A comprehensive review[END_REF] and acoustics insulation [START_REF] Thomazelli | Acoustic properties of green walls: Absorption and insulation[END_REF][START_REF] Van Renterghem | Green roofs for noise reduction: literature review and new approaches[END_REF][START_REF] Connelly | Sound transmission loss of extensive green roofseld test results[END_REF], green walls and green roof structures become more and more attractive.

Among the acoustics studies done on green walls, we can quote those performed in situ on modular green wall. Romanova et al [START_REF] Romanova | An application of a parametric transducer to measure acoustic absorption of a living green wall[END_REF] employed a parametric loudspeaker and an acoustic intensity probe to characterise its absorption coecient. They demonstrated that a high leave area density can signicantly improve the absorption coecient of a green walls system, particularly in the medium and high frequency ranges above 1000 Hz. Lacasta et al [START_REF] Lacasta | Acoustic evaluation of modular greenery noise barriers[END_REF] implemented their acoustic measurements onto the CadnaA R software in order to foresee the impact of these modular green structure on the road environmental noise. It has been shown that the multiple reections between the barriers are minimized by the absorption provided by the greenery.

Wong et al [START_REF] Wong | Acoustics evaluation of vertical greenery systems for building walls[END_REF] evaluated the acoustic insertion loss impacts of several vertical greenery systems of building walls. They highlighted that insertion loss presents a stronger attenuation at middle frequencies because of the absorbing eect of the substrate (decrease around 510 dB), and a smaller attenuation at higher frequencies (reductions from 2 to 3.9 dB) due to the scattering eect from green foliage. The second part of their work carried out in a reverberant room conrmed that the absorption coecient increases at higher frequencies as well as with greater greenery coverage.

Measurements performed by Azkorra et al [START_REF] Azkorra | Evaluation of green walls as a passive acoustic insulation system for buildings[END_REF] conrmed at least the orders of magnitude of those obtained by Wong et al [START_REF] Wong | Acoustics evaluation of vertical greenery systems for building walls[END_REF].

Insulation studies according to the ISO-140-5 [START_REF]Measurement of sound insulation in buildings and of building elements, part 5: Field measurements of airborne sound insulation of façade elements and façades[END_REF] were achieved on a modular green wall structure and on a double skin Green Facade [START_REF] Pérez | Acoustic insulation capacity of vertical greenery systems for buildings[END_REF]. The authors proved that a thin layer improves the sound insulation of 1dB in the case of trac noise, whereas a pinknoise source increases of 3 dB for a Green Façade.

By numerical approach, Van Renterghem et al [START_REF] Van Renterghem | The potential of building envelope greening to achieve quietness[END_REF] evaluated the eect of road trac on the quietness of the occupants through a green wall building.

Three simulations were considered: green roofs, green walls and vegetated lowheight noise barriers positioned near roof edges. They concluded that the eects of wall vegetation strongly depend on the assumptions of the chosen material.

Regarding the substrates: some acoustic absorption studies proved their acoustic absorption performances [START_REF] Fouladi | Utilization of coir ber in multilayer acoustic absorption panel[END_REF]. However, according to its composition an important sensitivity against moisture can considerablely aect the absorption coecient [START_REF] Fabiani | Thermo-acoustic performance of green roof substrates in dynamic hygrothermal conditions[END_REF][START_REF] Van Renterghem | Green roofs for noise reduction: literature review and new approaches[END_REF][START_REF] Yang | Random-incidence absorption and scattering coecients of vegetation[END_REF].

Some other studies have proved the eciency of vegetal woolen substrates to increase the transmission loss [START_REF] Glé | The eect of particle shape and size distribution on the acoustical properties of mixtures of hemp particles[END_REF][START_REF] Piégay | Acoustical model of vegetal wools including two types of bers[END_REF][START_REF] Glé | Acoustic performance prediction for building elements including biobased brous materials[END_REF]. As example some hemp concretes can have a transmission loss coecient varying from 30 to 45 dB [START_REF] Glé | Towards a better understanding and knowledge of biobased materials through a new acoustic database[END_REF]. To the plant scale, a lot of works demonstrated that by itself, foliage wasn't enough to absorb the noise [START_REF] Yang | Random-incidence absorption and scattering coecients of vegetation[END_REF][START_REF] Horoshenkov | Acoustic properties of low growing plants[END_REF][START_REF] D'alessandro | Experimental evaluation and modelling of the sound absorption properties of plants for indoor acoustic applications[END_REF] even if increasing thickness will improve this coecient [START_REF] Attal | Caractérisation acoustique et vibratoire d'échantillons inhomogènes de types feuillage ou substrat[END_REF]. However, when it is superimposed to a substrate having a further impedance, the whole system acts as an impedance matching which improves the absorption coecient [START_REF] Attal | Analysis of environmental and seasonal eects on sound absorption by green wall systems[END_REF]. When the foliage impedance becomes of the same order of magnitude than of the substrate, a detuning happens, resulting in a reduction of the absorption coecient [START_REF] Ding | Sound absorption of porous substrates covered by foliage: experimental results and numerical predictions[END_REF] In the case of U-shaped street, it is important to reduce both the sound coming from vehicles that can be reected by a building, while maintaining the most optimal sound insulation possible so as to no longer hear outside noise. In this context the application of green walls on buildings to reduce environmental noise is justied. A green wall facade structure is mainly composed of the bearing wall, a substrate layer and a foliage layer.

To our knowledge, only few studies have concerned the impact of the superimposition layer of foliage ontop a substrate layer itself placed against a frontwall of concrete or bricks.

Most of the related studies having been carried out were about in situ characterizations of the sound reduction index [START_REF] Pérez | Vertical greenery systems (vgs) for energy saving in buildings: A review[END_REF][START_REF] Thomazelli | Acoustic properties of green walls: Absorption and insulation[END_REF][START_REF] Azkorra | Evaluation of green walls as a passive acoustic insulation system for buildings[END_REF][START_REF] Lunain | In-situ evaluation of the acoustic eciency of a green wall in urban areas[END_REF]. Our research objectives are dierent and based on a theoretical model enabled to optimize a green wall structure to improve the return and transmission losses.

For this purpose we estimate return and transmission losses impact of a plane wave in normal incidence, by associating acoustic models of materials which compose the green wall structure. These models deal with quadripolar matrix like which link input face variables (pressure, celerity) to those of output.

The ability to simulate multilayers of plants and substrate have been subject

to previous articles [START_REF] Attal | Analysis of environmental and seasonal eects on sound absorption by green wall systems[END_REF][START_REF] Attal | Experimental characterization of foliage and substrate samples by the three-microphone two-load method[END_REF] and will be implemented here, in order to nd out a suitable structure which reduces external noise pollution by minimizing the return loss coecient as well as internal noise by increasing the transmission loss.

Theoretical recalls

Acoustic properties of a sample focus on the reection, transmission and attenuation coecients: to characterize them, we employed the three microphones two load method developed by Salissou et al [START_REF] Salissou | Complement to standard method for measuring normal incidence sound transmission loss with three microphones[END_REF]. This method allows to measure the transfer functions between microphones on both sides of the sample.

From these transfer functions, boundary conditions in velocity and pressure are deduced, allowing to reconstruct the transfer matrix of the sample. Then, these acoustic coecients can be evaluated. Transfer matrix parameters T ij were obtained from a homemade impedance tube by calculating the pressure P and particle velocity V of waves on front surface x = 0 and back surface x = D from acoustic measurements (Eq.( 1)).

  P V   x=0 =   T 11 (f ) T 12 (f ) T 21 (f ) T 22 (f )     P V   x=D (1) 
It is assumed that the sample we employed can be described as an eective ideal uid media because the structure size is very small compared to the acoustic wavelength. Consequently the transfer matrix can be written as:

  T 11 (f ) T 12 (f ) T 21 (f ) T 22 (f )      cos(k c D) jZ c sin(k c D) jsin(k c D) Z c cos(k c D)    (2) 
Where Z c and k c are respectively the characteristic impedance and the wavenumber of the test sample. Further details on the experimental procedures and transfer matrix parameters calculations are given in reference [START_REF] Attal | Sound absorption by green walls 28 at normal incidence: physical analysis and optimization[END_REF]. For a sliced sample, in normal incidence and anechoic ending, the reection r ∞ and transmission t ∞ pressure coecients are respectively given by Eq.( 3) and (4) [START_REF] Astm | Standard test method for measurement of normal incidence sound transmission of acoustical materials based on the transfer matrix method[END_REF] r ∞ (f ) =

T 11 (f ) + T 12 (f ) Z 0 -Z 0 T 21 (f ) -T 22 (f ) T 11 (f ) + T 12 (f ) Z 0 + Z 0 T 21 (f ) + T 22 (f ) , (3) 
t ∞ (f ) = 2e jk0D T 11 (f ) + T 12 (f ) Z 0 + Z 0 T 21 (f ) + T 22 (f ) , (4) 
Where k 0 and Z 0 are the wavenumber and impedance of air respectively.

Energy conservation statement performed through a material when an acoustic wave propagates through it enables to evaluate losses resulting from reection, transmission and attenuation. Fig. [START_REF] Sakhani | Thermal impacts of vertical greenery systems[END_REF] shows this energy ow when it is assumed that the most important part of the attenuated power is obtained at the rst transmission. Therefore multiple reections of the wave inside the material can be neglected [START_REF] Bohren | Absorption and scattering of light by small particles[END_REF].

Figure 1: Transmitted T and reected R acoustic powers in a material of given thickness D.

In terms of power, transmission T (f ) and reection R(f ) are related to r ∞ (f )

and t ∞ (f ) by:

R(f ) = |r ∞ (f )| 2 , (5) 
T (f ) = |t ∞ (f )| 2 = (1 -R(f )) 2 e -2α(f )D , ( 6 
)
Where α is the imaginary part of k c which is the attenuation loss in N p.m -1 :

α(f ) = -1 2D ln T (f ) (1 -R(f )) 2 = -m(k c ) (7) 
Throughout the rest of the document, losses associated with the previously dened acoustic coecients (return losses RL [dB], transmission losses TL [dB] and attenuation A [dB.m -1 ]) will be drawn for a better representation of the materials.

Acoustic properties of green wall samples with anechoic termination Description of the test sample

Vegetation sample considered in this study is a lling of Japanese spindle (Euonymus japonicus) leaves hanging from their original small stems into a sample holder. The size of a leaf is approximately 5 cm long and 3 cm wide (Fig. 2(a)).

Although this kind of foliage doesn't have any particular acoustic properties, Japanese spindle is chosen for several reasons: it is easily found in nature; size of its leaves are small in comparison with the tube diameter; its foliage is not altered when separated from the trunk during three days; its foliage is compact and thick allowing for samples of lower porosity and larger thickness.

Leaves lling the sample holder constitute an air lled porosity of 95% which is estimated by dividing the total volume of the leaves by the internal volume of the sample holder.

The volume of leaves have been obtained by submerging stems and leaves in a graduated cylinder lled with water and measuring the water level variation.

Coir dust (Fig. 2(b)) is produced after the extraction of coir bre from the coconut husk and in the production of nished materials from the extracted bre. It is a brown, spongy particle of low weight which falls out when the bre is shredded from the husk. Coir dust is about 70% of the weight of the coconut husk [START_REF] Tejano | State of the art of coconut coir dust and husk utilization (general overview)[END_REF]. This matter is rich in lignins and tannins, which makes it more resistant and slows down its decomposition [START_REF] Abad | Physicochemical and chemical properties of some coconut coir dusts for use as a peat substitute for containerised ornamental plants[END_REF].

Perlite is a siliceous volcanic natural rock. When heated up to 900

• C, its volume expands by 4-15 times with a multitude of closed cells formed inside the grains. Expanded perlite (Fig. 2(c)) is lightweight with sharp edges, inert and re resistant with no emanation. It is composed of millimeter size particles having a crystal-like porous and glassy structure with countless number of pores, each having dierent micro sizes [START_REF] Fields | Hydrophysical properties, moisture retention, and drainage proles of wood and traditional components for greenhouse substrates[END_REF]. The loose aggregates have a double porosity and can absorb water up to 300% of their weight. However it is nonrenewable resource with a bad carbon footprint.

Each sample is successively introduced inside a 8 cm thick sample holder.

A sheet of tulle with ne mesh is added on the top and bottom of the sample holder to x the geometry of the volume of it. 

Acoustic measurements of test samples

The experimental measurement procedure is the same as the one developed in [START_REF] Attal | Sound absorption by green walls 28 at normal incidence: physical analysis and optimization[END_REF]. Between each measurement, the foliage inside the sample holder is re-mixed. The substrate in the sample holder is carefully removed from the impedance tube (to avoid spilling the substrate) and then reintroduced in either direction. Each measurement on a sample is performed 4 times. These results conrm the insignicant dierence of sound level in presence and absence of leaves demonstrated by Mediastika and Binarti [START_REF] Mediastika | Reducing indoor noise levels using people's perception on greenery[END_REF]. The previous section has shown that substrates and foliage without rigid termination have a weak return of the reected wave. In practice a green wall 170 must be placed in contact with a wall (concrete, cement, wood or other), which will modify the acoustic return loss of the structure (Fig.( 4)). Before discussing about the impact of a complete green wall on the acoustic coecients, we will remind the acoustic properties (return loss and transmission loss) of a concrete wall layer. 175 Increasing return losses can be accomplished if the surface impedance of the material is close to that of air, which means that sample thickness is equal to λ 4

. In this case there would approach impedance matching.

To understand the phenomena occuring in return losses and transmission losses in the case of substrate layer, a methodology based on the mapping analysis (already employed in a foliage layer [START_REF] Attal | Sound absorption by green walls 28 at normal incidence: physical analysis and optimization[END_REF]) is performed for the two SCWS.

Then return losses mapping enables to identify the thickness where the return losses is the weakest. Furthermore, this method allows to optimize the thickness of the substrate to be added in order to increase the return losses. Consequentely, for each sample, transfer matrix depending of the considered thickness layer is calculated from the eective parameters: characteristic impedance Z c and wavenumber k c . From these intrinsic parameters, the transfer matrix function of thickness is built and the return losses and transmission losses in rigid condition are mapped. 3D contrast mapping of return losses and transmission losses are obtained by cascading transfer matrix of a substrate with the rigid concrete wall:

T global = T substrate T wall [START_REF] Van Renterghem | Green roofs for noise reduction: literature review and new approaches[END_REF] Return losses mapping of the two substrates are displayed in Fig. [START_REF] Omrany | Application of passive wall systems for improving the energy eciency in buildings: A comprehensive review[END_REF]. These last results were obtained for thickness variations of substrates layer ranging from 0 cm to 40 cm. Mapping highlights the presence of zones where return losses are more important. These areas appear in blue on the picture. For each mapping, black curve corresponds to the thickness matching condition given by the equation: 215

D = c mat (f ) 4f (10) 
Where c mat is the celerity of the considered substrate (perlite or coco dust).

In Fig. [START_REF] Omrany | Application of passive wall systems for improving the energy eciency in buildings: A comprehensive review[END_REF], curves t in a satisfactory manner with the most energetic part of return losses in rigid back condition. It can be noted however a slight discrepancy at some frequencies, which means that the matching is not necessarily located at D = c mat 4f

, but can be located at a more or less close thickness (magenta 220 curve). These cartographies shows that return losses values dier in the frequency range and conrm particularly the diculty to improve return losses at lower frequencies. Furthermore the magnitude scale in dB shows that return loss can be roughly more important at some location in the case of perlite (up to 17 dB) than coir dust substrate (up to 9 dB). 225 

Addition of foliage cover layer and concrete wall substrate

The previous section highlighted that a substrate laid on a concrete wall increases the return losses and transmission losses for a low frequency acoustic wave. However this improvement happens only on a narrow bandwidth (resonances) and furthermore the return losses don't remain very high. In this section we will discuss about the impedance matching between two layers: the substrate and the foliage cover on the concrete wall. Two systems will be studied: the concrete wall, perlite foliage (Fig. (11a)) and the concrete wall, coir dust, foliage (Fig. (11b)). To do this we use the formalism of the assembly of transfer matrices of substrate and foliage type elements which has already proven itself in other publications [START_REF] Attal | Sound absorption by green walls 28 at normal incidence: physical analysis and optimization[END_REF]. First of all, it is important to recall that mapping analysis carried out in a foliage monolayer detailed in the paper [START_REF] Attal | Sound absorption by green walls 28 at normal incidence: physical analysis and optimization[END_REF] has revealed quarter-wave and 3 quarterwave matching eects of this poorly absorbant media. The sound absorption eects of this media began to appear at higher frequencies. The approach studied in this reference was dierent because it wasn't based on a full optimization approach. This accurate optimization approach is based on the assembly of the concrete wall matrix of constant thickness T wall to that of the substrate of variable thickness T soil (coir dust or perlite), itself cascaded by that of the foliage T plants , whose thickness also varies. The overall matrix resulting from the cascading of the dierent elements of the plant wall T global is exposed as:

T global = T plants T soil T wall [START_REF] Romanova | An application of a parametric transducer to measure acoustic absorption of a living green wall[END_REF] The result allows to represent return losses as a video mapping where each frame represents the thickness of foliage versus frequency for a given substrate thickness.

The thickness variation choice of the dierent elements was done in such a way as to have a thickness of the whole system (foliage, substrate, concrete wall) which is realistic, while having return losses which are as homogeneous as possible on the entire spectrum, and by seeking to improve the lower frequencies. To be sure of a correct result, it is important that the color of return losses on the cartography tends towards blue color as much as possible over the entire spectrum.

We give an illustrative example of the optimization method, in the case of variable thickness perlite ranging from 0 cm to 20 cm (the procedure is exactly the same in the case of coir dust). Fig. [START_REF] Lacasta | Acoustic evaluation of modular greenery noise barriers[END_REF] displays three examples of perlite thickness congurations superimposed to foliage thickness going from 0 cm to 40 cm (including the optimal conguration (Fig. 12b)). The extend thickness scale of foliage was chosen in such a way that higher order modes can be seen in the mapping for dierent thicknesses of perlite. Produced video enables then to deduce the optimal substrate and foliage thicknesses where the return losses are greatest. These optimal congurations are directly reported on Fig. The two images presented in Fig. [START_REF] Wong | Acoustics evaluation of vertical greenery systems for building walls[END_REF] correspond to the best matching between the foliage and each substrate. These locations are established in such a way that the return losses at low frequencies (above 175 Hz) are the most 285 favorised while having return losses which are also important in the higher frequencies domain. Moreover, each energy trace present on these cartographies clearly highlights the presence of matching at D = (2n + 1)c glob (f ) 4f

, where n=0,1,2 and c glob is the global speed of sound between the two media. On both cases, it appears that foliage layer increases the return loss because of its 290 impedance which enough dierent of those of each substrates. It is obvious that depending of the frequency, a better impedance matching between these two media generates a weaker return loss. For perlite layer combined to foliage layer, the best matching enabled a good homogeneity on a relatively large bandwidth is obtained for a perlite thickness of 9.3 cm and foliage thickness of 9.6 cm. As far as coir dust is concerned, a thickness of 7.3 cm combined to a foliage thickness of 9.7 cm enable broadband matching. In this range, return loss vary from 4 dB at 145 Hz to 15.5 dB at 610 Hz, which is an improvement up 8 dB in comparison without foliage. Roughly, below 265 Hz it is dicult to obtain matching. To improve matching, it could be better to add an other material layer of intermediate impedance between foliage layer and substrate.

Trends observed in Fig. [START_REF] Azkorra | Evaluation of green walls as a passive acoustic insulation system for buildings[END_REF] indicate that the orders of magnitude between these two types of bilayers are almost identical. A coir dust foliage wall would require less thickness than a perlite plant wall for an almost equivalent eciency.

In the case of perlite SCWS, it should be noted a wide stability zone of almost 14 dB between 340 Hz and 730 Hz, providing an improvement of at least 7 dB compared to perlite without foliage layer in this range. For coir dust the plateau zone is not as pronounced as in perlite in this same frequency range, but return loss evolution remains weak. In this same frequency range, the values stay between 12 dB to 15 dB. Consequently, even if foliage alone is not a good candidate for reducing reection [START_REF] Attal | Sound absorption by green walls 28 at normal incidence: physical analysis and optimization[END_REF], when foliage is added to a substrate having a higher impedance, the latter have better performance in terms of return loss increases [START_REF] Attal | Sound absorption by green walls 28 at normal incidence: physical analysis and optimization[END_REF][START_REF] Attal | Analysis of environmental and seasonal eects on sound absorption by green wall systems[END_REF].

Assuming that the terminal impedance of a concrete wall is comparable to that of the rigid piston inside the impedance tube, we have 315 represented in Fig. [START_REF]Measurement of sound insulation in buildings and of building elements, part 5: Field measurements of airborne sound insulation of façade elements and façades[END_REF] the experimental return loss obtained with the combination of 8 cm foliage positioned on the dierent substrate of 8 cm (each). The numerical curves for these same congurations as well as the optimization curves obtained according the numerical conguration are also present. A satisfactory agreement between the experimental measurements and simulations of the return losses is obtained. Some slight differences between simulation and experimentation are however highlighted in this gure. The probable origin of such a dierence is the orientation of the leaves placed ontop the substrate, which was not the same as at the time of the measurement on the 8 cm leaves sample obtained separately from the latter. These results also conrm that the predictive optimization models will be given according to a suciently reasonable orders of magnitude. Optimization of return losses in the case of a coir dust substrate will be better than in the case of a perlite substrate.

The transmission mapping is deduced after with respect to the thickness of the considered substrate. Transmission losses mapping of each assembly for the optimized thicknesses in the case of return losses are given in Fig. [START_REF] Pérez | Acoustic insulation capacity of vertical greenery systems for buildings[END_REF]. This mapping shows that from 250 Hz, transmission losses are about 65 dB. This value means that almost no sound is transmitted. At lower frequencies (below 400 Hz), it appears that the two substrate cover don't seem to have any eects. However above this frequency, the curve increase monotonically until reaching 80 dB in the case of Perlite and 88 dB in the case 345 of Coir dust. Consequently the substrate improves the transmission losses and more particularly the coir dust, which brings an improvement of up to 18 dB at 1000 Hz. Finally the addition of foliage on these dierent systems don't provide an improvement over the substrate alone. 

Conclusions and Future work

Taking into account the dispersion of material properties, the results obtained can be considered very satisfactory as the maximum dierence between measurement and simulation is around 3 dB. Two layers green structures applied on a concrete wall may be an ecient solution for noise reduction.

One layer (the substrate) must provide a signicant absorption of sound to reduce the transmission whereas the other one (the foliage), rather acts as a matching layer to reduce the returned acoustic power.

The proposed method of optimization requires the exact knowledge of the acoustic properties of the involved materials (namely density, speed of sound, attenuation, characteristic impedance).

3D eciency mappings allow to determine the best admissible thicknesses of the two layers, for a possible achievement.

The frequency bandwidth can be adjusted or shifted according to the nature of the noisy environment and the targeted eciency Simulations of concrete walls covered by foliage and substrate layers provided two main results:

• Return losses are increased with the 2 layers system.

• No improvement in terms of transmission losses is made by the foliage, since the rigid wall-substrate-foliage and rigid wallsubstrate systems give similar results.

In perspectives, several possible paths can be driven:

• The determination of a more suitable choice of materials which can be assembly to the foliage in order to provide a better impedance matching and adequate acoustic dispersion.

• The implementation of this study on real walls. This could involve verifying the performance in laboratory or directly in the environment, taking into consideration the eects related to weather, humidity and transport noise.

• Following the results of this study, a complete sketch up of a real street with facades of buildings can be worked out, in order to monitor the mapping of the overall sound level outside and inside the buildings.
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Figure 2 :

 2 Figure 2: List of samples: (a) Japanese spindle with 5% foliage (b) Coir peat (c) Perlite.

  Acoustic properties (return loss, transmission loss and attenuation loss versus frequency) of each sample taken separately are measured in anechoic termination and are displayed in Fig.(3).Concerning return loss, about between 10 and 15 dB less power is returned compared to the incident wave in the case of foliage sample. In linear scale, these values correspond to a reexion coecient of 0.32 and 0.18 respectively. However perlite and coir dust samples present a return loss weaker than foliage sample.Transmission loss and attenuation loss are very low in the case of foliage (almost the entire wave power goes through the foliage). These losses are much more important in the case of the two substrates and particularly for coir dust. Indeed losses in this media is about 2.5 times larger than those of perlite. Trends of these coecients vary monotonically and increase with frequency. Regarding attenuation loss, the curve changes from 20 dB.m -1 at 180 Hz to 250 dB.m -1 at 1000 Hz in the case of coir dust and from 50 dB.m -1 at 180 Hz to 100 dB.m -1 at 1000 Hz in the case of perlite sample. Conversely for foliage sample, these losses are very weak and negligible compared to the substrates.

Figure 3 :

 3 Figure 3: Variation of return loss, transmission loss and attenuation loss versus frequency for 8 cm thick foliage (red), 8 cm thick perlite (green) and 8 cm thick coir dust (blue)

Figure 4 :Figure 5 :

 45 Figure 4: Representation of a concrete wall 20 cm thick.

Figure 6 :

 6 Figure 6: Representation of a 20 cm thick concrete wall system with substrate (a) Perlite (b) Coir dust.

Figure 7 :

 7 Figure 7: Variation of simulated return loss (dB) at normal incidence versus sample layer thickness : (a) perlite (b) coir dust. White dotted line: Best localization for the widest possible bandwidth matching. Wall thickness: 20 cm.

Fig.( 8 )

 8 Fig.[START_REF] Thomazelli | Acoustic properties of green walls: Absorption and insulation[END_REF] reveals that although wideband matching is dicult, it remains possible to obtain an almost homogeneous response according to a certain thickness. In the case of coir dust, a thickness of 7.4 cm would allow to have return losses ranging from 4 dB at 175 Hz up to 7 dB at 1000 Hz. Below and above this thickness, this objective is more dicult to achieve either in the very low fre-230 quencies or in the intermediate frequencies. In the case of perlite a thickness of 15 cm would allow a more uniform variation over the entire frequency range from 4.5 dB at 160 Hz to 7 dB at 745 Hz.

Figure 8 :

 8 Figure8: Acoustic return loss of the substrates layer of the substrates layer of 15 cm perlite and 7.5 cm coir dust which correspond to the best matching thicknesses over a wide frequency range.

Fig.( 9 )

 9 Fig.[START_REF] Van Renterghem | Green roofs for noise reduction: literature review and new approaches[END_REF] displays the transmission loss mapping obtained for each substrate.

Figure 9 :

 9 Figure 9: Variation of simulated transmission losses coecient in (dB) at normal incidence versus sample layer thickness : (a) perlite (b) coir dust. White dotted line: Best localization for the widest possible bandwidth matching. Wall thickness: 20 cm.

Fig.( 10 )

 10 Fig.[START_REF] Connelly | Sound transmission loss of extensive green roofseld test results[END_REF] highlights the importance of the substrate to increase the transmission 235 loss in comparison of the concrete wall alone. Versus frequency, transmisison losses can be increased between 8 dB and 15 dB in the case of perlite layer whereas it can vary between 10 dB and 35 dB in the case of coir dust layer. So it conrms that, with lower thickness, coir dust is more ecient than perlite.

Figure 10 :

 10 Figure 10: Acoustic transmission loss coecients of the substrates layer of 15 cm perlite and 7.5 cm coir dust which correspond to the best matching thicknesses over a wide frequency range.

Figure 11 :

 11 Figure 11: Representation of a green wall system (substrate-foliage) placed on a concrete wall of 20 cm thick (a) Perlite substrate (b) Coir dust.

Figure 12 :

 12 Figure 12: Example of return losses mapping for three congurations of perlite thicknesses superimposed to a foliage thickness varying from 0 to 40 cm.

Figure 13 :

 13 Figure 13: Variation of simulated return loss coecient in (dB) at normal incidence versus spindle layer thickness: 9.3 cm thick perlite layer and 9.6 cm thick foliage (top) and 7.3 cm thick coir dust layer and 9.7 cm foliage (bottom). White dotted line: Best localization for the widest possible bandwidth matching. Wall thickness: 20 cm.

  Foliage + Coir dust + Concrete

Figure 14 :

 14 Figure 14: Modulus of return losses: 9.3 cm thick Perlite soil sample alone and atop 9.6 cm foliage in dB (top) and 7.3 cm thick Coir dust soil sample alone and atop 9.7 cm foliage (bottom).

Figure 15 :

 15 Figure 15: Return losses coecient of foliage layer ontop substrate layer. Blue dotted lines: measurement, broken line: calculated, red dotted lines: optimization.

Figure 16 :

 16 Figure 16: Variation of simulated transmission loss coecient in (dB) at normal incidence versus spindle layer thickness: 9.3 cm thick perlite layer and 9.6 cm thick foliage (top) and 7.3 cm thick coir dust layer and 9.7 cm foliage (bottom). White dotted line: Best localization for the widest possible bandwidth matching. Wall thickness: 20 cm.

Fig.( 17 )

 17 Fig.(17) displays the evolution of transmission loss of the two dierent green wall systems for the best congurations obtained previously in the case of the return losses. Transmission loss of the concrete wall represented by the doted 340 line varies continuously between 51 dB and 72 dB. Continuous blue line represents the transmission loss of each substrate combined to the concrete wall.

  Foliage + Coir dust + Concrete

Figure 17 :

 17 Figure 17: Transmission loss coecient in dB: 9.3 cm thick Perlite soil sample alone and atop 9.6 cm foliage (top) and 7.3 cm thick Coir dust soil sample alone and atop 9.7 cm foliage (bottom)