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Abstract

The aim of the present work concerns the influence of the interface quality, porosity and temperature
on the acoustic coefficient behaviour of multilayer structures. A plane periodic multilayer structure
composed of two plates in contact with different interface qualities is used: one in Aluminium (AL)
and the other one in Polyethylene (PE). These isotropic materials, present a high acoustic impedance
contrast. To obtain the effective acoustic parameters of the perforated polyethylene layer, the Hashin-
Shtrikman (HS-ort) model is used. Pseudo Stroh-Formalism (PSF) is used to calculate the reflection and
transmission coefficients. Then, the absorption coefficient and sound transmission loss are deduced. To
model the interface conditions, mass-spring systems that represent particle bonds at the microscopic
level are used. Results showed that the parameters of interface and temperature strongly influence the
absorption and the sound transmission loss. The more the stiffness of the spring increases, the amplitude
of the sound transmission loss decreases and a shift towards lower frequencies is observed on absorption
according to two insonification sides. The temperature variation inside the multilayer structure allows
us to characterize the system with local effective parameters. Application to local materials made of
Stabilized Earth Bricks (SEB) and Compressed Earth Bricks (CEB) is also presented.

Keywords: Absorption; Sound transmission loss; Thermoelastic multilayer; Porosity; Interface;
Stabilized, Compressed earth

Introduction

Laminated structures have increased significantly because of their applications in the
fields of aeronautics, aerospace and acoustics for noise reduction [1]. Several types of these
structures have been studied among which we have double-glazing, perforated structures,
and many others [2]. The approaches to study these structures are various: Impedance
approaches, transfer matrix [3], Debye series decomposition method, and the stiffness matrix
method [4]. These different approaches can be used to determine properties such as reflection,
transmission, transmission loss and absorption. The attenuation and frequency shift of plate
resonances have been studied for a supported structure with cavities [2]. They focused on the
influence of the thickness of the layer containing the air and showed that, when the thickness
of the layer containing the air is reduced, there is an increase in the attenuation in the system.
Basten et al. [5] developed a model for double-glazing considering viscothermal effects in
the air cavity. They showed that the attenuation of the plate modes could be increased by
decreasing the thickness of the air layer. However, the influence of the viscothermal effects
on the Sound Transmission Loss (STL) calculations is very slight in the considered frequency
range (0-180 Hertz). Only around the clean frequencies of the panel, there are small differences
between the results with and without viscothermal effects. Akrout et al. [6] studied the vibro-
acoustic behaviour of double- laminated plates including the effects of viscosity and thermal
conductivity of the cavity air. These results showed the importance of viscothermal effects
in the case of perforated thin films containing air. Mu et al. [7] investigated the insulation
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performance of double and triple-glazed windows, showing that
perforations in windows can prevent insulation degradation at
resonance. They studied the STL of multilayer structures with a
micro-perforated panel. In their work, they measured the STL using
an impedance tube and a reverberation chamber and showed that
using the transmission side of the multilayer structure effectively
prevents the mass air resonance [8]. In addition, the works on the
STL of multilayer structures without perforation are numerous
among which, we have the study of the STL of light multilayer
structures with thin air layers by Dijckmans et al. [9].

In this study, two models are presented: The first one is based
on the transfer matrix and the second one is based on the vibro-
acoustic coupling between rooms, plates, and air cavities. Hyun-Sil
Kim et al. [10] studied the STL of microperforated multilayer plates.
A prediction model for the STL of multilayer microperforated
plates is developed for plates with and without perforations. It
is found that for low perforation ratios, the resonant frequencies
of double and triple structures shift to high frequencies as these
ratios increase. The study of the sound transmission of triple panel
structures formed of poro-elastic materials using the transfer
matrix was carried out by Liu [11]. Lee & Xu [12] developed a model
based on the transfer matrix to determine the STL of multilayer
materials including foams, leathers and rubbers. Similarly, Fu et al.
[13] investigated the STL of laminated sandwich plate structures
under sound wave excitation. Furthermore, Oliazadeh et al. [14]
developed a statistical energy analysis model to evaluate the STL
of honeycomb sandwich panels. Despite the numerous works on
STL of perforated multilayer structures, to our knowledge, there
is no study concerning the effect of the interface of the layers
constituting the multilayer structure and the temperature. In
addition, the application of our study to local materials made of
Stabilized Earth Bricks (SEB) and Compressed Earth Bricks (CEB)
for constructions in Cameroon has never been done. Indeed, the
strength of a structure is closely related to the interface quality of
the layers that constitute the structure and its cohesive properties.
It is then necessary to investigate the influence of the adhesion
quality between the layers constituting the multilayer structure.
In this study, we propose to evaluate the influence of interface
quality and temperature on the acoustic properties such as STL and
absorption coefficient of the perforated multilayers. Despite the
complexity of the problems to be studied, the PSF provides the 3D
analytical solutions relatively simple and remains appropriate.

Problem Formulation

The stresses imposed by the wave motion in the thermoelastic
multilayer structure are given by [15]:

oy =y — BT 1

The heat equation leads to the heat flow which is proportional
to the temperature gradient.

q,=—kT, (2)

us]
where 0, &y and q, are the mechanical stresses, strains and
flows respectively. ﬁi]. are the thermal stresses, kij is the thermal
conductivity coefficient and T is the temperature. €y AT the elastic

moduli. The comma in Equation (2) indicates the differentiation
relative to the X, axis.

The equations of motion without volume force and thermal
equilibrium are given by following [15]:
— 62”1
%y =P
9= 0 ()

With p the density.
Heat conduction

The temperature variation for the simply supported structure
can be written by [16]:
T = fe” sin(px)sin(qy)  (4)

mm nw
pP=74= 7, »mand n two positive integers, and are two

where L
constants to be determined.
The components of the flux are obtained by combining Equation
(4) and Equation (2) and we get:
4, = =k, pfe™ cos(px)sin(qy)
q, =—ky,qfe" sin(px) cos(qy) )
q; = +kyy1 fe" sin(px)sin(gy)
Using Equations (4), (2) and (3), we obtain the following
relationship:

(kst* =k p* =kpng®) [ =0 (6)

From Equations (5) and (6), we can write the relation:
Je)

M =n 7
HEH g

where:
M:_[ 20 z 1/k33} )
knp”+kng” 0
The general solution of the temperature-dependent propagation
is obtained by using Equations (4) and (6) as follows:

T B hH Ll 0 X
| la )0 e |lun ©)

Where the column matrix x1 and x2 are to be determined.
[/, e]and [f, g]are eigenvectors of Equation (7) which are
independent.

7z

Overall solutions

Simply supported multilayer structures admit the following
expressions as solutions [17]:

u, a, cos(px)sin(gy) ¢, cos( px)sin(qy)
u=|u, |=e""| a,sin(px)cos(qy) |+ e | c, sin( px)cos(gy)

aysin( px)sin(gy) ¢, sin( px)sin(qy)

(10)

Uy

Substituting Equation (10) into Equation (3) and then into
Equation (1) gives the tractions expressed as follows:

O b, cos(px)sin(gy) d, cos(px)sin(qy) (11)
T =| 0y, | = b, sin(px)cos(qy) |+ fe1 | d, sin( px) cos(gy)
O3 bysin(px)sin(qy) dy sin(px)sin(qy)

Where p=mm/L_and q=m't/Ly, {m, n} are integers, {L,, Ly} are
the dimensions of the plate, the pulsation and t the time.
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Fundamental matrix of pseudo-Stroh-formalism

The effective acoustic properties of the perforated polyethylene
layer (PEp) are calculated according to Equation (12). The effective
properties resulting from the induced proportion of air voids
are deduced from the HS-ort homogenization model [18]. This
approach, based on the model of Voigt is more adapted compared
with the other approaches of homogenization, considering the
shapes of holes induce in the perforated layer.

1(1+v(4 4-5v
I+ — || =+ Vv,
3\1-v \3  l+v

cLeff:
c, Hg[lw ij [1+4—5va)
3\1-2v 1+v (12)
Crp _ 1
“r 1+4—5va
1+v

With v the Poisson ratio and V, the volume fraction.

The longitudinal velocities and elastic coefficients are related
by:

_ 2 _ 2 _
€1y = PClo>Cas = Plroy»>Cry = €1y —2¢y, (13)

The eigenvectors b and d are respectively related to a and c as
follows [17]:

b:(sT;)—R(’))a:—%(QOhSRO)a
) (14)

. 1
d=(777:J—R0)C—}/2 :;(Q0+77R0)c+;71

where Q, R, T,are three matrices defined by:

Pa(ce +6py) 0
(chee Jrqzczz) 0

+pa’l,
(Pless+4’cy)

(15)

(e, +4’cy)
P4(cgs +cp,)
0 0

0 0 Pes
0 0 qCs

—pcss —qcy 0

cs 0 0
=0 ¢, O
0 0 ¢y

Combining Equations (10), (3) and (1), and substituting the
result into Equation (4), we obtain the relationships below:

0, =-

R, =

[Q,+5(R, R} +5°T, |a=0
[Q,+1(R,~ R)+7°T, |c =y, +ny,

Using Equations (14) and (16), we can write:

fi-6
-4

where A is the fundamental matrix of Pseudo Stroh-formalism

defined by:
o {7}
s r=- _ 19
:| |:13 -R,T; ]:| 72 (19)

{ TR, r'
“RI'R, R/

Equation (18) is an eigenvalue problem. It is solution in

mechanics has been investigated by several authors [19,20].

(16)

(17)

(18)

In this study, we will use this formalism to determine the
acoustic coefficients of multilayer structures. We will determine
the transmission, sound transmission loss and absorption of
thermoelastic multilayers with interface effect.

Propagation in a layer

The general solutions in layer j of a thermoelastic structure are
obtained by superimposing Equations (10) and (5) given by the
following relations [17]:

u| |4 4 e 0 K, C C||e™ 0 Ho0 |y
[ZJ,_{BI Bz:|,|:0 eslz}/[Kz}[D. Dz:|[0 e”fl[o fj[lj (20)

where K| and K, are column matrix to be determined.

With the interface conditions and the general solutions for each
layer, the solution for the multilayer structure can be obtained [21].
Using Equation (9), the flux and temperature can be expressed for
the layer j bounded by the surface z, and z+las follows, with h]. the
thickness of the layer:

MR e
). L& &l o e lnl

» (21
For z=z, Equation (9) leads to:
mz -1 -1
2 sl el
V4 I 0 ™ g8 & q; = (22)

Combining Equations (21) and (22), the thermal variables of
the lower and upper surfaces of layer j are related as follows:

R P A
9., - g &)l 0o &|& & 9.,

Moreover, when we replace the vectors and of Equation (22) in
Equation (20), the elements of the column matrix are rewritten as:

HE AL Aﬂ"} :

K, ;i 0 e™ B B, S

4, 4, B q of|lfi 0 e’ Lo T

B, B, d d,||0 f 0 |8 & 9 ..,

Combining Equations (20-24), we obtain the propagation
relation from the upper to the lower interface of this structure:

(23)

(24)

u |:E11 E12:| |:G11 G12:| u u
b E, E G, G > z
— 21 22 21 22 :P(h) (25)
T 0 Mn M12 T AT
9 2=z, e M, M, j 9 z=z; 9 z=z;

where Pj(h].) is the propagation matrix in layer j of thickness hj,
whose components are:

E, E,| [4 A2 0 4 4T
E, E, - B, & LB B,

{Gll GIZ:’ 7{6‘1 fig,e" _flfzemh’
G, Gy - D, D, -fge " ffzeimhjz
+|:E11 E12 |:C1 z:||: 1&g L } (26)
E, E,||D D] fi& -Hh
{Mn M12 |:f1 " f fz}
M, M, & 0 e™|le &
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Imperfect interface

The geometry of our structure is shown in Figure 1. For this
study, the linear model of the spring type was chosen to consider
the imperfections due to the manufacturing and dislocation modes
[15,22]. This model presents tensile continuity and displacement
discontinuity for a mechanically imperfect interface. For a thermally
imperfect interface, we have flow continuity and temperature
discontinuity for a weakly conductive interface. On the other
hand, if the interface is strongly conductive, there is temperature
continuity and flow discontinuity [15]. The equations materializing

the mechanically imperfect case represented by the continuity of
tractions and discontinuity of displacements are written as [16]:
2 (n0,2) =2 (6).2)
Zyz(xﬁyﬂz ) = Zyz('x"’yﬂzi)
.y =E.(xy.2)
”x(xs)’,f)_”x(xa%zf) = al(j)zxz(xa)hzi)
uy(X,y,f)_”y(xay,f) = agj)zyz(xay’zi)
u (2 ) =, (6,2 ) =2 (%, 0,2)

(27)

S
2 H
s E water
H &
Layer j
=z
Layer j+1
=Tt \
Interfaces modeled by
spring interface
=y
Layer N
s
2 water
g
S
£

Figure 1: Multilayer structure with imperfect interface.

The constants {a\”,a!”,a}represent the slippage which
depends on the stiffness of the spring. The perfectly bound case
is given by {a”,a!”,a”}=0. In the case of a weakly conductive
interface, the relations between flux and temperature are given by

[16]: . -
q}(x’y’zj): q}(x’y’zj)
T(xay’z;)_T(x,ysZ;') =" z(‘j)qa(X,ysZ;')
where BV is the constant that depends on the material. ) =0

corresponds to the case of perfect interface. On the other hand,
when the interface is strongly conductive, we have:

{ T(x,y,2))=T(x,9,z2,)

(28)

q}(xayoz;.)_qs(xvyszj) = 7;‘/)AST(XJ7Z;)

2

(29)

A =
where: A, P

o . .
o 7y is a positive constant. The perfectly
thermal interface corresponds to }/}’) =0,

Thermomechanical interface matrix

In this section, the mechanically imperfect and thermally
conductive interfaces are presented. The combination of Equation
(27) and (28) leads to the equation below:

u u u
> > , 0.z
-0, _[ % Yea (30)
T T 0 Q|| T
q; |, - q; =zt q; ..

z; and z, represent respectively the upper and lower surfaces
of the layer j.

For a weakly conductive interface, the matrices ,, and Q,, are
given as a function of mechanical and thermal parameters:

Qll _ I:IS diag<al(k)5 ai")’a-}(") ):|

0 3 13

1oAY
Q. =
22 0 1

However, when the interface is highly conductive, we have:

(1)

(32)

1 0
Q= ;
22 |:_}/Z(_A)(p2 +q?) J (33)

The components of displacements, tractions, temperatures and

fluxes of the upper surface of layer j are related to those of the lower
surface of the latter with imperfect interface by the relation.

u u

p 2 b

T =[jl}h1’j(h,-)ﬁ,-1]1%(fa) ; (34)
CEN CEX

N, is the total number of layers.

The previous relationship (Equation (34)) is unstable at high
frequencies. To overcome these instability problems, we use the
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Dual Variable and Position (DVP) method [23]. For this, we rewrite
Equation (34) as:

u u
> P >
:P h — 11 12
’ () {Pﬂ e |1 (35)
95 .-, 4.,

For easy handling, we adopt the notations ¥; and Z, and
Equation (35) becomes:

i, (2) _[P” Plz} it (2)
L. A RJE@ ] e

where:
i, (z)=[u(z) T(z)]
i(2)=[c(2) ¢(2)]

thus, we obtain:

(37)

v/ =pPhV (38)

l/ B Lir VO] ) |:uT:|
!, |. and L -, respectively  the state

i

vectors of the upper and lower surface of the layer j. The index 0

where:

represents the lower interface and 1 the upper interface of layer
j. From Equation (36), we establish the relationship between the
mechanical and thermal parameters:

ET(Z/) — _Igz;lpzz P{l' ?4(2/) :{Sll S12j| Tq(z])
ET(Z/H) EszzilanPzz P{IIPH j tq(ZJH) S Sy tr/(znl)

where [S] is the flexibility matrix.

(39)

Acoustic coefficients of the structure

The flexibility matrix extracted from Equation (39), allows us to
calculate the acoustic coefficients given by [17]:
R, - (51— Y )50 =y ) +(s,,)°

(51 + 9 )5 =y ) +(5,)
(s ) + Y, +(51)°
TGt sn =y )+ ()’
I nyslz
(51 + 7, )55 =y ) +(s,,)°

where s, = S,;V(3,3) and yf=cosg/(jwZ), with ¢ the angle of
incidence of the wave and Z =p c, the acousticimpedance of the liquid
in which the structure is placed. The coefficients R, and R _denoted

(40)

the reflection coefficients as a function of the side of in sonification
of the structure. However, whatever the side of insonification, the
transmission does not change but the absorption differs depending
on the side of insonification. The absorption coefficient is given by:

2 p
ol
with @,, the absorption on the direct and reverse sides of the

structure. The sound transmission loss (STL) is calculated from the
transmission loss by the following relation:

STL =-10log(7)

ad,r :1_|Rd,r (41)

(42)
Numerical Results

The characteristics of layers constituting the period of the
multilayer structure are given in Table 1. The density of the
surrounding medium is equal to p, =1000kg/m’. The STL and
absorption coefficients are presented in the frequency range
between [0-1600] Hz.

Table 1: Characteristics of layers constituting the period of the multilayer structure.

Materials Cc11 =(g§221)= C33 Cc12 =( ((;;:):CZE} C44 =(gi§)= C66 D (mm) p, (kg/m?) 5, (%)
AL 113.9 60.15 26.9 2 2800 0
PE 5.28 2.57 1.35 1 940 1
§ is the longitudinal attenuation. D is the thickness of the layer C,are the modulus coefficients and p density

Influence of the interface

As said previously, to describe an imperfect interface, the
“mass-spring” model connecting the two layers in contact is used.
It is principle consists of considering a continuity of strain and
discontinuities of displacements. In this work, we have varied the
spring stiffness between 0 to 4, with k=0 corresponding to the
perfect interface and k,=4 the case having poor interface quality.
We assume that the structure is immersed in water and when
the temperature is equal to zero water become an ice. Figure
2 shows the effect of interfaces parameters on STL of the AL/
PE structure without perforations. It is observed that the STL is
strongly influenced by the variation of the interface parameter k,
which determine the interface quality, between 100 and 600 Hz.
We also observe a frequency shift toward small frequencies (Af~70
Hz) and a decrease in amplitude (AAm~43%). When the interface
parameter increases (i.e when the quality of interface is poor) a
decrease in amplitude of STL is observed. In a range [0-100]Hz

and [650-1000] Hz the STL is small insensitive to the variation of
interface parameter.

0.8

] S

0.4f-----

________________________

Nomnalized STL

02t R .

0 200 400 600 800
Frequency (Hz)

1000

Figure 2: Effect of interfaces conditions on STL of
AL/PE periodic multilayer without perforations and
temperature effects.
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Considering the attenuation in the PE layer leads to a difference
in absorption coefficient depending on the insonification side. Two
absorption coefficients are obtained: absorption coefficient for
the direct side (AL/PE) and absorption coefficient for the reverse
side (PE/AL). It is observed that the AL/PE absorption coefficient
contains two peaks, and the PE/AL absorption coefficient has only
one peak (Figure 3). In addition, for both sides of insonification,
the maximum peaks of the absorption curves shift towards lower
frequencies when the interface parameter increases (i.e when
the quality of interfaces is poor). The maximum frequency shift
Af~250 Hz. We also observed a decrease in amplitude (AAm~17%
for AL/PE and AAm~44% for PE/AL). This demonstrates that the

x10”

0 200 400 500 200 1000
Frequency (Hz)
fa)

decrease in the interface quality leads to low-frequency absorption,
therefore would induce errors when designing the structure.
Pan et al. [15,17] have also showed this sensitivity of absorption
coefficients depending on the spring stiffness for mechanical cases.
It is also observed that, the maximum of absorption is reached
when the interface parameter k =0, i.e when the interface is perfect.
To consider the resin which is used to bond the AL/PE structure, it
is important to play with interface parameter. Finally, by playing on
the interface quality of the multilayer structure, it is quite possible
to adjust the frequency position of the absorption peak, keeping the
number of layers or periods. This is very important to know from
the industrial point of view.

012

0.08
~ .08
=

0.04

0.02

o H 1 1
0 200 400 600 200 1000
Frequency (Hz)
(B)

Figure 3: Effect of interfaces conditions on absorption coefficient of AL/PE (a) and (b) PE/AL periodic structure
without perforation and temperature effects.

Influence of the temperature

The influence of temperature on the acoustic properties of
periodic multilayer structures is analysed. Figure 4 presents the STL
obtained with and without temperature on a periodic multilayer of
one period of AL/PE with k=1 and V= 0. The STL curves increase,
starting at the same point (in zero) and reaching the maximum at
1000Hz. In the range between 200 and 600Hz, the curve with T=0 K
is above the one with temperature and between 600Hz and 1000Hz,
it is the curve at T=298K. This shows a difference between the
acoustic properties of elastic materials and those of thermoelastic
materials depending on frequency. This difference is observed in the
STL amplitude. The summary of the different amplitudes is given in
Table 2. Thus, the temperature reduces the amplitude of the STL
when the frequency is lower than 600Hz and the peak observed
at 400 Hz disappear. Figure 5 presents the case of the absorption
coefficients. It clearly shows that the temperature produces a
similar influence that interface quality: The frequencies shift of the
maximum peaks of absorption toward smaller frequencies (Af~170
Hz) and a decrease in amplitude of the maximum peak (AAm~12%
for AL/PE and AAm~33% for PE/AL). This shift is the result of
temperature heating and proves that when the material is heated,
it becomes more supple and reaches its resonance peak faster.
This result was also observed by Prasad et al. [24] on orthotropic
materials where they showed that all acoustic coefficients are

able to be used in very high-temperature environments. Finally,
both temperature and interface qualities produce similar influence
on the absorption coefficients of the structure, but in the different
proportions.

Normalized STL

400 600 80D
Frequency [(Hz)

1] 200 1000

Figure 4: Effect of temperature on STL of a perfect AL/
PE periodic structure without perforation effects (V=0
and k =1).

Table 2: Amplitude of STL for some frequencies.

200 400 600 | 800
0.61 0.8 0.8 0.8

Frequency (Hz)

Amplitude (without temperature)

affected by temperature. These results could be very interesting to Amplitude (with temperature) 0.57 0.7 0.8 | 095
design absorbing multilayer structures in the low frequencies and AAm 6% | 12.50% | 0% | -16%
Evolutions Mech Eng Copyright © Siryabe E
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0 200 £0 600 800
Frequency (Hz)

(a)

012 ! ! ! !
P D ol L O L
' —F—T=150 K ;
00sf---- B T-20K CRRE et - TEEEE
e g e
L ] 1
® : : .
004 -l g - v .
002 -~ -l Lo
0 H H H H
0 MM A0 &0 800 1000
Frequency (Hz)
(®)

Figure 5: Effect of temperature on the absorption coefficient of AL/PE with k=1 and V, = 0: (a) direct and (b) reverse
in sonification.

Influence of the perforations

In this section, the acoustic coefficients of the multilayer
structure are calculated considering the Polyethylene perforated
(noted PEp). The effective acoustic properties of the PEp are
calculated according to the HS-ort homogenization model.
The perforation evaluated in porosity rate estimated based on
randomly drilled holes on the polymer layer and we consider room
temperature condition i.e. T=298K. The evolution of STL according
to the volume fraction of perforations is presented in Figure 6. This
volume fraction varies between 10% and 50%. We observed that,
between 300 and 800Hz, the amplitude of the sound transmission
loss increases when the volume fraction increase. This result agrees
with the study of Siryabe et al. [18] which observed the increase in
the amplitude of the reflection coefficient when the volume fraction
increase. The absorption coefficients are plotted as a function of
insonification sides considering the volume fraction of perforations.
As we can observe (Figure 7), an increase in the perforation rate
in the structure induces a shift of the absorption peaks towards
the lower frequencies on any part frequencies. These results were

600
Frequency (Hz)

0 200 400

(a)

also obtained by Mu et al. [25] in their work on the influence of
perforation on microperforated structures which shows that the
absorption depends on the hole diameter and the perforation point.

e
@

e
=

o
'S

Normalized STL

0.2}- ] h ——\f=0.4
; ; — \/{=0. 5
0 i 1 H H
0 200 400 600 800 1000

Frequency (Hz)

Figure 6: STL as a function of frequency and volume
fraction of perforation for AL/PE for k =1 and T=298K.

0 200 400 600 800

Frequency (Hz)
(b

1000

Figure 7: Absorption as a function of frequency and volume fraction for AL/PEp with k =1 and T=298 K: (a) direct
and (b) reverse.
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On both sides, we observe three intervals of variation according
to the perforation rate. The first linear part goes from 0 to 100Hz in
the direct side and from 0 to 300Hz to the reverse side. On this part,
all the curves are straight lines and increase with the perforation
rate. The range from 100Hz to 300Hz to the direct side shows a
growth of the amplitude as a function of the volume fraction. The
third part shows the fall of the absorption coefficient after the peak.
In all these parts, we have a shift towards the lower frequencies and
the maximum shift Af~300 Hz. These results are in good agreement
with those obtained by Toyoda et al. [26]. When the volume fraction
is about 30% and more, the ripples multiply and we observe an
evolving continuity of the ripples. Our results show that by playing
with the volume fraction of the perforation, it is also quite possible
to adjust the frequency position of the absorption peak, keeping the
period or the number of layers.

Application to the local materials

The earth material is currently experiencing a revival of
interest following the housing crisis because this material has many
advantages in its current form for the construction of sustainable,

08

06

04

Normalized STL

02

comfortable and economic housing [27]. The earthen construction
is a little bit everywhere in the world in general and in Cameroon
in particular. This is related to the level of development of the
inhabitants of each country in urban and rural areas because this
construction technique is part of the cultural identity in Cameroon.
Today, about 40% of the population lives in earthen houses. In this
context, we analysed the acoustic behaviour of Stabilized Earth
Bricks (SEB) and Compressed Earth Bricks (CEB). Figure 8 & 9 show
respectively the STL and absorption coefficient. The structure is
now placed in the air (c=343m/s). The ambient temperature is also
considered (T=298K) and a volume fraction V=10% (this volume
fraction is due to the presence of pores in earth bricks) is used. The
elastic constants and thickness of the materials are presented in
Table 3. As we can observed, the STL of SEB reaches its maximum
at 200Hz and has three local minima at 15, 405 and 825Hz,
respectively. The minimum for STL tends to 0.08. On the other
hand, the STL of the CEB reaches its maximum at 175Hz and has
four minima at 15, 330, 660 and 1000Hz. The minimum amplitude
in this case tends to be 0.09. The SEB has a wider bandwidth than
CEB and is therefore more suitable for noise reduction.
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Figure 8: STL for stabilized (SEB) and compressed earth bricks (CEB) with k,=0, V=10% and T=298 K.
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Figure 9: Absorption spectra for stabilized (SEB) and compressed earth bricks (CEB) with k =0, V=10% and T=298
K.
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Table 3: Local materials properties.

Materials C11=C22=C33 (GPa) C12=C13=C23 (GPa) C44=C55=C66 (GPa) D (cm)
SEB 2.21 8.18 6.97 4
CEB 1.41 5.48 431 4

D is the thickness of the layer Cii are the modulus coefficients and p density

The acoustic absorption curves of SEB and CEB are presented
in Figure 10. The curves show one negative peaks for both curves:
at 330Hz and 420Hz for CEB and SEB respectively. The positive part
of SEB presents two peaks that reach their maximums at 400 and
800Hz. The CEB positive parts also show one peak at 660Hz. Finally,
this result show that the SEB or CEB are very slight absorbing
materials and in the next section, we will add to the SEB a layer
of PE like a coating. In this application, we have k =1, the volume
fraction Vi=20%. Figure 11 presents the effect of temperature on
the STL of the SEB/PE structure. The amplitude of the STL increases
when the frequency increases and presents several minima. We
observe an increase in the undulations which represent vibrations
of the structure. These results show an increase in the bands
which are observed on the curves in blue which corresponds to
the curve of T=313 K. We present in Figure 11 the absorption of
multilayer structure. We observe a difference in the absorption
curves according to the insonification side when considering the
attenuation in the polyethylene layer. For the direct insonification,
we observe a decrease of the amplitude peaks of absorption with

x10
[ b T=273 K
o [ F i| ——T=208K1]
; : | —F—T=313K
3p---f-- R i P
s : E : :
1 AR R S FRR P fromeee]
Tt S

Frequency (Hz)

temperature and frequency. At high temperature, these amplitudes
tend to zero. In the reverse insonification case, a reduction of the
amplitude when the frequency increases are also observed with a
shift toward small frequencies.
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Figure 10: Effect of temperature on STL of SEB/PE
structure with k =1 and V=20%.
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Figure 11: Absorption spectra for SEB/PE for direct and reverse with temperature variation.

Conclusion

This study presented the influence of the interface on the
acoustic behaviour of perforated thermoelastic multilayers. We
have developed the most widely used interface model, a linear
model of the type of resort. This model provides information on
the interaction of ultrasonic waves with the multilayer structure,
whose interfaces have variable mechanical contact quality. Also,
the influence of the volume fraction due to the presence of holes
on the structure and the influence of temperature on the acoustic
coefficients have been studied. The results showed that decreasing
spring stiffness, which materializes the interface quality, the
presence of perforations or temperature induced a shift in the

position of the maximum absorption peak towards low frequencies.
An application to local materials, such as SEB and CEB, was carried
out and the results showed that temperature has a strong influence
on the behaviour of these materials. Many of these materials
exhibit low attenuation. When designing an acoustic absorber,
it is important to consider the interface conditions, the thermal
effect and the viscoelastic properties of the layers making up the
multilayer structure.
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