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Acoustical measurement of the shear modulus for thin
porous layers

Jean F. Allard and Michel Henry

Laboratoire d’Acoustiquede I'Universite du Maine, UMR CNRS6613, AvenueOlivier Messiaen,
72085 LeMans Cedex,France

Laurens Boeckx, Philippe Leclaire, and Walter Lauriks
Laboratorium voor Akoestiek en Thermische Fysica, Departement Natuurkunde, Katholieke Universiteit
Leuven, Celestijnenlaan 200 D, B-3001 Heverlee, Belgium

Simulationsperformedwith the Biot theory showthat for thin porouslayers,a shearmodeof the
structurecan be inducedby a point-sourcen air locatedcloseto the layer. The simulationsshow
thatthis modeis presentaroundfrequenciesvherethe quarterwavelengthof the shearBiot wave
is equalto the thicknessof the samplesand showthatit canbe acousticallydetectedrom the fast
variationswith frequencyof the location of a pole of the reflection coefficient closeto grazing
incidence . The modehasbeendetectedwith this methodfor two reticulatedplasticfoams.For one
of the foamsstudied,the velocity andthe dampingof the Rayleighwave havebeenmeasurean a
thickerlayerof the samemediumat higherfrequenciesgiving areal partof the sheamodulusclose
to the one obtainedfrom the measuredocationof the pole. The strongcouplingof the sheamode
with the acousticfield in air allows the measuremenof the shearmoduluswithout mechanical
excitation.

I. INTRODUCTION incidence but at large angles of incidengeAt 6=mx/2, the
surface impedanceZy(7/2) can be measured with the
Acoustical excitations from a sound source in air gener-Tamura method? but areas as large as 10’ rare needed,
ally do not create noticeable displacements of the porousver which the porous layer must be carefully glued to a
frame for usual sound-absorbing materials. As a conserigid impervious backing, and the experimental procedure is
guence, the measurement of the rigidity coefficients of thecomplicated. It has been shown recently that for thin porous
porous frames is performed with mechanical excitatioris. layers with a motionless franiéhe thickness of a thin layer
A contact surface with a static stress is generally present angerifies| 8|1 <1, whered is the wave number in the air satu-
the material, often strongly nonlinearly reacting, can berating the frame), a pole of the reflection coefficient exists at
modified by the experimental procedure. This drawback isa complex angle of incidena, close ton/2, andé, can be
avoided when the Rayleigh wave velocity is measiirbdf  evaluated easily from measurements of the monopole pres-
this measurement can only be performed on sufficiently thiclsure field close to grazing incident&*More precisely, the
layers; the penetration of the Rayleigh wave inside the mareflection coefficienV is given by
terial is of several shear wavelengths. Free field measure-
ments of the surface impedance can be used, with the Biot \/(cogg)=
theory?1% to evaluate the velocity of the frame-borne com-
pressional wavé: At normal incidence, a mode related t0 5 the angle, is a solution of the following equation,
this wave can be excited. This mode is with a good approxi-
mation the quarter wavelength resonance of the compres- Z
sional wave in the frame, and is present at frequencies where Cosfp=— Zy(cosb,)’ )
the wavelength is close to four times the thicknesd the ) o ]
layer. The surface impedance at normal incidence for a layefhereZ is the characteristic impedance of air, and the sur-
glued to a rigid impervious backing presents around theséCe impedancés is given by
frequencies fast variations if the loss angle of the frame is iz,
sufficiently small, but this is not the case for most of the Z(0)=———"——cot( 5l cosb,). 3)
porous sound absorbing media. The excitation of shear ¢ 06,
modes related to the Biot shear wave would need less energy this equation,Z, is the characteristic impedance in the
at equal loss angles because the shear modulus is small@iid equivalent to the air saturating the porous mediynis
than the modulus related to frame compressional waveshe porosity, and¥, is the refraction angle given by sih
These modes cannot be excited by plane waves at normal(sin 6)k/s, k being the wave number in the free air. For thin
layerso, is close ton/2 because/ |zs(ap)|<1, and cog), is
close to—Z/Z4(m/2). In Fig. 1, a sketch of the experimental
set for the measurement method is presented. The monopole

Z (cosh)—Z/coso
Z(cos#h)+Z/cosh’

@



where6f and ¢° are the dilatation of the air and of the frame,
respectively;ef] are the strain components of the frame, and
aifj and o7 are the stress components of the air and of the
frame, respectively. The stress components are related to
forces per unit area of porous medium; thefrﬂ: — ¢péi;,
wherep is the pressure in the air that saturates the porous

Reflecting layer medium. The Biot elasticity coefficien8, Q, andR, with

the simplifications suggested in Ref. (&ke Egs. 6.21-6.28
S’ Rigid impervious backing of Ref. 16), are given by
. . 4 (1-¢)?

FIG. 1. Symbolic sketch of the experiment, the monopole source S, andthe  P= -N+K,+ Ks, 9)
receiver at M above the porous layer. 3 ¢

Q=K¢(1-¢), (10)
source S and the receiver at M are located at small distances,
respectivelyh; andh,, from the porous layer. The distance R=¢Ky, (12)
R, from the source to the receivé®; from the image of the Kp=2N(1+ »)/(1—2v), (12)

source to the receiver, and the radial distanca&re much

larger tharh; + h,, and the angle of specular incidenﬁ?is WhereKb is the bulk modulus of the framé\ is the shear
close ton/2. (The symbolsd, and d are used for the angle of mModulus, and-is the Poisson ratio. The incompressibiliy
specular incidence and for the angle of incidence of plan®f the air saturating the porous frame is given in the present
waves, respectivelyThe method is based on the use of thework by

following approximation for the monopole reflected figig K
over thin porous layers with a motionless frame, valid under ~ K;=—, (13)
the conditiond, and ¢, close tow/2: B
exnikR 37 vv_here K, is the adiabatic incompressibility of air arglis
o F(R 1) [1_ \/TleeX[{T) given by Eq.(30) of Ref. 18:
! 1 M’ 1/21-1
=y—(y=D|1+ —=|1- 1o’ , 14
><cosapexp(—w2)erfo(—iw)}, (4) p=y=(y=1) ) ( 2 '@ ) } (14)
. poProkg
i 6,— 6 s 0
w=2kR; expzsin p2 9 (5) @ ned (15)
Under the conditiond, and 6, close ton/2, w can be , 8Kkg
rewritten M’= 12 (16)
PA
_ -~ In these equations; is the viscosityp is the density of
w= /= kR;—— exp(cosfly— cosb,). 6 0
2714 d 0 ) © air, v is the ratio of the specific heats, Pr is the Prandtl

The possible variations oZ4(6,) around frequencies number,ké is_ thg therr_nal permeability, antl’ is the thermal
where the shear mode is excited are much easier to measdffg@racteristic dimension of the porous frame.

with the new method tha(7/2) with the Tamura method. The equationfs of motion governing the displacement
The Biot theory is used in Sec. Il to describe the shear mod8' the frame andi” of the saturating fluid are

and to predict the surface impedance and&0d he validity — 0¥(pyus+pyu)=(P—N)VV-us+NVZ2us

of Egs.(4)—(6) in the context of the Biot theory is discussed ;

in Sec. Ill. Measurements of cds leading to an evaluation +QVV-U, 17)
g;tchel\fhear modulus for two porous foams are presented in — 2Py + P US) =RV VU + QV VU, (18)

The renormalized densitigs;;, p,», andp,, are given
by (see Egs. 6.58 of Ref. 16)

p11=p1tpa—ib, (19)
The Biot theory, with the formalism developed in Ref. = o tib (20)

16, has been used to predict the surface impedance with the P12~ Pa '

model by Johnsomet all” for the viscous and inertial inter- Dao= dpo+ pa—ib. (21)

action, and the model by Lafartfefor the incompressibility

of air. The stress-strain relations in the Biot theory are

o =[(P—2N)6°+ Q0] 5 +2Nej (7)

II. DESCRIPTION OF THE SHEAR MODE

The coefficientb related to the viscous and the inertial
interaction is given in the present work by

ol =Qe*+Rd", 8) b=—%¢261(w)’ (22)



4iaZ ppow|
Gj(w)= l—m (23)
(see Eq. 5—64 of Ref. 16 with a complex conjugation due to &
the opposite time dependence), whetgeis the tortuosityo y
is the flow resistivity, andA is the characteristic viscous
dimension. The added density, is given by T777777 77777777 777777 vz
pa=pod(a.—1). (24) Rigid impervious backing

The wave numberg, andk, for both Biot compres- FIG 2. A_ plane wave in air, inci_dent on a porous layer. The angle of
sional waves, an#; for the Biot shear wave, are given by ncidence is, the incidence plane isxz.

2

k§‘2=w—2[P522+ Rp1i—2QptVA],  (25)  —&)Y2and— a3, n being the unit vector on thg axis. The
2(PR-Q%) scalar functions.pji can be written
kgz% M}, (26) o =a; expl *ia;z+iéx), (34)
= where the six constant coefficienatﬁ can be predicted from
A=(PpaptRp11—2Qp1))° the boundary conditions.
—A(PR-Q)(P1ipar2) @n The porous layer is glue_d to the_ r.igi_d impgrvious bapk—
12 ing. At the contact surface with the rigid impervious backing

Both compressional waves can be related to a velocitghe boundary conditions are$=u$=u!=0, which can be
potentiale for the frame andv; = w ¢ for the saturating fluid. rewritten

The related displacement§ andu' are given by ajlal expliagl)—a; exp(—iayl)]+ asa; expliasl)

LISZIZV(p, (28) —a, exp—ia,l)]+ & a; expiél)+ag exp —iél)]
=ty R .
u=-—Vve. &al expliaql)+a; exp—iayl)]+éa; expliasl)
The coefficientsu are given by +a, exp —ia,l)]—asla; expiél)—az exp —iél)]
PK; ,— 0?p =0, 36
/1«1,2:232—&)’;11- (30) %
©°p12~ QKy arpala] expliasl) —ay exp(—iayl)]

The shear wave is related to a vector velocity potential n [a] expliayl)—a; exp(—ia)]
for the frameW, and a vector velocity potential for aib, @2k2l 92 @2 2 @2
=pu3W. +Euglag expliél)+ag exp—iél)]=0. (37)

The related displacements are given by
Let p andU, be the pressure and taeomponent of the

air velocity in the free air at the contact surface with the

i
USZZVDW' (31) porous layer. At this interface, the boundary conditions can
i be writtert®
u'= usVOW, (32) gul+(1- $)us=U,, (38)
and u4 is given by ol=—¢p, (39)
wa=—p12/pas. (33) a5,=—(1-¢)p, (40)

A plane wave in air impinging upon the porous layer with an
angle of incidence is represented in Fig. 2. The incidence
plane isxoz, the axiscis parallel to the air-porous medium A preliminary use of Eqs(35)—(37) provides the reflec-
interface. The incident field creates in the porous layer a fieldion coefficients at a rigid and impervious boundary for the
which can be described by six potentials with the same horithree Biot waves and first information concerning the shear
zontal wave number vector componentksing, ¢/ , ¢;  modes. Fora] =1, a, =a; =0, i.e., a compressional wave
for the first compressional wave with oppositevave num- ¢, of amplitude unity at the air-porous layer boundary, the
bers vector componentsl=(k§—§2)1’2 and —«,, respec- expressions for the; , i=1, 3, solutions of Eq935)—(37)
tively. Similarly, two potentialsp, and ¢, are defined for and denoted as, ; are given in the first line of Table I. In the
the second compressional wave, related toztkeave num-  same way, the second line gives the expressignsi=1, 3,

ber vector components,= (k53— ¢2)¥? and — a,, and two  of the a; related toa, =1, a; =a; =0, and the third line
potentials W*=ne;, W =ne,;, related to a3=(k§ gives the expressions;, i=1, 3, of thea;” related toag

oS =0. (41)



TABLE |. The coefficientsr;; expressed withA=a;ay(u;—u,), B 3BOT—TFT—"—TF——T——T T T T T
=a1é(p1—ug), C=aé(ur—m3), D=azA+§(B-C), and T
=exp(—ilg+a))).

3000+

r1DT1g ri2DTio r1DTy3 2500 ]
azA+§(B+C) —2¢B —2¢A
r210T24 r,DT,, r,DT,s 2000 ]
2éC asA— é(B+C) T2 ]

1500 ]
r3iDTsy r3DTs, r3aPT33 ]
—2a,C 2a;B asA—&(B—C) 1000

500+ Re —

Predicted impedance 6 = 0 [Pa.s/m]

=1,a; =a, =0. The factor expfx) has been removed from

the different amplitudes. At the air-porous layer interface, RO S S S AL 14-007;;00' T
each incident wave in the layer will be associated with its Frequency Hz

reflected field, so that Eq$35)—(37) will be automatically

satisfied. Equation(§38)—(41) can be rewritten FIG. 3. The surface impedance at normal incidence. Same parameters as in
) the second column of Table(yellow foam)except thicknesé=1 cm and
iay(Pppi+(l—¢))[a] (L—ry)—asry;—azraal ImN=—6.2 kPa: , INN=—1.55 kPa: ---.

Hiay(ppuot(1— @) —ajrita, (1-rp)—azrsy] . . .

is motionless at the contact surface. The surface impedances
+id(puzt(1-¢))[ariztasros at normal incidenceZ,(0) and cosg,) are represented in
Figs. 3 and 4 for two loss angles, 0.1 and 0.025, respectively.

n .
tag(1+rg9]=-iwU,, (42) The Poisson ratio v is real, because previous
i measurementg® give Imy=0, and Rev=0.3. This choice
- HQ+ Rug)kilay (1+ry)+a;r,+agrs ]+(Q for Rev is arbitrary; coefficientss previously measured for
different foams range from 0.1 to 0.5, but it has no signifi-
+RM2)k§[aerz+ ay (L+ry)+agrasl=—o¢p, cant effect on the shear mode. There is only a small shift,
43) around 10 Hz, of the location of the peak related to the shear
mode in Fig. 4 when varies from 0 to 0.5. The shear mode
—i ) o4 N N is located around 813 Hz, where the quarter shear Biot wave-
— \L(P+Quy)ki—2N¢[ay (141, ) +as 0+ a5 3] length is equal to the thickness of the layer, and the compres-
sional mode is located around 1500 Hz. At normal incidence,
+[(P+Qu)k5—2Ng[ay 1 ,+a; (1+15)) ¢=0, andry,=r3,=r15=r,3=0, r35=1. Then Eq.(45)

givesag =0 and the Biot shear wave is not present. Egt

+ Aty ot +oa_
Tagraa+2NEas[ —ar T 3-8z Magtag (11591} be the horizontal wave number component related to the

=—(1-¢)p, (44)  pole, é,=ksin6,. When cog, is small, sing, is close to 1,
N N . and¢,, is close tok. All the coefficients; ; are different from
28ag[ay (1=ry)—a;rp1—agragl 0, and the shear wave is present and gives a contribution to

U, andpviaus, ul, o%,, ando!,. This contribution anch;

+2¢ay[—ajrita, (1-ry)—asrs )+ (£2— a3
farl a1 Mot 3y (17120 =33 1aa]+ (£~ a3) reach a maximum when the coefficieRy ;= exp(—2iagl) of

X[ajrystagrosta;(1+rs34]=0. (45)

The three Eqs43)—(45) provide the ratios /p, a, /p, R
and aj/p. Reporting these ratios in E¢42) provides the 0.40+ .
surface impedancgy(¢) =p/U,. The predicted co8, is ob- 0.359 ]
tained from the series (c@s); defined by the following it- 222: E
erative equation & 020] b

z § 0.15 .
coséh,)i+1=0.8cosh,);—0.25———, 46 - 0.10 ]

( p)l +1 8( p)l Zs(( ep)i) ( ) g 0.05_: _:
with (6,);=7/2. A general description of the shear mode B 0007 ]
with Egs. (42)—(45) is beyond the aim of the present work. & g?g: :
The main properties of the mode are shown in the context of .1 1
a simulation with a porous foam. -0.20 ]

The porous material used for the simulations is a typical  -0.25 +—4————————F——F——F——F——1
foam with a thicknesé=1 cm. The parameters that describe 400 600 800 1000 1200 1400 1600 1800 2000 2200

the foam are given in Table lfyellow foam), except the Frequency Hz

imaginaW_part of the Shear mOdFJ'NS and t_he thicknesk FIG. 4. Predicted cog, as a function of frequency for the same material as
The layer is set on a rigid impervious backing and the framen Fig. 3. ImN=-6.2 kPa: , IMN=—1.55 kPa: ---.
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Table | is close to—1, for Reasl close tow/2. The shear 12

mode does not exist if the shear wave is faster than the sound Pr=
in air, because in this case;=(k3—k?)*? s, in a first ap-
proximation, an imaginary quantity. In the simulatiéend

for the usual plastic open-cell foams), the speed of the shear
waves in the foam is much smaller than the sound speed in

the free air, andy; is close tok;. For a loss angle equal to =1/
0.1 (ImMN=-6200Pa), the influence of the compressional

mode is negligible on the impedance but the shear mode is
detectable on the behavior of c@s For a loss angle equal fl(l,p,sp)ziwexp(—psfj)erfc(—i\/;sp), (55)
to 0.025 (ImN=-1550Pa), the presence of the shear mode

is much more obvious than the presence of the compres- @2(0)=F(qo)(—Z/f"z(qo))”ZJr 3' (56)
sional mode on the pole location. The shear mode appears in a Sp

a small range of frequencies where it is related to a horizon- 0.— 0

tal wave number component close ko which allows a spzexp(iw/4)\/§sinp—o. (57)
strong coupling with the pressure field in the free air at graz- 2

ing incidence. An opposite case is the one of the Rayleigh  \ith fgz(qo):_i/cog(go), the term F(qo)(—2/

wave, which can propagate at the same frequencies %", (q0)) Y2 gives a contributiorp,; to p, given by
samples of larger thickness. The order of magnitude of the

Rayleigh wave velocity is around 50 m/s, which corresponds ~ Pr1=V(c0s6p)exp(ikRy)/Ry, (58)

to a horizontal wave number component seven times as 'arQﬁdependently on the expression which defivesThe two
ask. The coupling with the field in air at grazing incidence is terms with the factoa give the contributiorp,, given by
weak, with no noticeable effect on cas.

exp(i w/4)exd pf(do) ]

1/2
<I>‘£<0>} : (53)

2r

X|aFi(1l,p,sp) +

dF~*(q)

7 , (54)

g=dp

Pro=aexp(ikRy+i37/4) (k/2r) YA —i+ w7 exp( —w?)

lIl. VALIDITY OF THE APPROXIMATION FOR p, IN xerfo( —iw))/w, (59)

THE CONTEXT OF THE BIOT THEORY wherew is given by Eq.(5), and the coefficierd is given by
The method used to measure égdor thin porous lay- — 2 cosh

ers with a motionless frame is based on the use of Egs. az_—p[1+(cosap/ZS(cos¢9p))

(4)—(6). These expressions have been obtained with the ref- Vsing,

erence integral method described by Brekhovskikh and X(dZ/d cosf) y_, ] L. (60)

Godirf* from the Sommerfeld representation of the reflected ° P

monopole field The reflected pressure can be written

»kéd
po=i [ EXE v In(eknexiknhs ho)l, (47 p,=VicostyexplikRyIRy— S [ 2
0 rsing,

w
which can be rewritten explikRy +i37/4)[ =i +wy/m exp( —w?)erfo —iw)]
i [~ kéd 1+ (cosl,/Z(cosb,))(dZ./d cosb),-
pr=§f G VO ekryeikn (hy +hy)], LT (Costp24(c0s0y) (024 c0s0)0-s,]
—00 (61)
A=(1—-&)Y2 Im(\)=0, (48) If Zs does not depend ofy,, this equation is identical to

whereH{" is the Hankel function of zeroth order. A complex Eq. 1-4-10 of Ref. 21 for locally reacting surfaces

angle # can be defined by sif=¢, cosf=\. Using the _ cosd, 2k _
asymptotic development of the Hankel functiod{P(u)  Pr=V(cosfg)exp(ikRy)/R;— Tsing. SXAkRy
p

w
= (2/mu)Y?exp(iu—im/4), Eq.(48) can be rewritten

K V12 (i (e +i37/4)[ — i+ w7 exp(—w?)erfo —iw)]. (62)
Pr= (ﬁ) ex;{ Z) fﬁmF(g)exp[pf(A)]dg, (49) If 6, and g, are sufficiently close tar/2, (sing,)*? can
be removed and Eq&) and(62) can be replaced by Eq&)
& and(4). These equations can be used also for thin layers with
F(&)= - V(N), (50)  a motionless frame or in the context of the Biot theory if
f(\) =i cog 69— ) 51) |(cosb,/Z(cosby))(dZs/d cose)(,:(,p|<1. (63)

_\R (52) An evaluation of the left side of this equation is not very
P 1 simple. If the structural damping of the frame is small, the
Using the reference integral method with the notationsshear mode induces fast variationsZgfwith frequency, Eq.

of Ref. 21,q=siné, q,=sin#,, andgo=sinf,, p, can be (63)is not satisfied, and Eqé4)—(6) cannot be used, but the

rewritten loss angle for usual open-cell foams is large. Comparisons
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FIG. 5. cosf, as a function of frequency, yellow foam; measurement FIG. 6. cosf, as a function of frequency, black foam; measurement
H-E-Nl, prediction H-H-N, prediction .

between estimations of the reflected pressure over thin pajistance smaller than 1 my is small and the first value
rous layers, obtained with E¢47) and with Egs.(4)—(6),  for cosf, is obtained with w=0, giving cosf,
have been performed around frequencies where the shean(1—p,/p,)/exp(3ri/4)\27kR,. The derivative ofg(w)
mode is present, showing that for loss angles of the frame- exp(—wf)erfc(—iw) is g(w)=—2wg(Ww)+2i/\J7 (see

larger thansg, Egs.(4) and (6) provide a good approxima- Ref, 22, Chap. 7), and the derivativelw/d cosf,
tion for the reflected pressure for thin layers. The loss anglgf w=(1/2ile)l’z(coseo—cosep) is  dw/d cosf,=

for usual open-cell foams is much larger thgg —(1/2ikR))¥2. These two relations are used to minimize the
left- and right-hand side difference of E@5).

IV. EXPERIMENTAL EVALUATION OF THE SHEAR Measurements have been performed on two foams, a

MODULUS yellow foam of thicknessl=0.5cm and a black foam

i , , . (8616D) manufactured by Recticel(Plejadenlaan, 15,

In Fig. 1 a symbolic sketch of the experimental set isg_ 1200 Brusselspof thicknessl =1 cm. Measurements on
presented. The monopole source S is a pipe fed by a cOMpe yellow foam are presented in Fig. 5 and on the black
pression driver. The receiver at M is an electret mlcrophonefoam in Fig. 6. Fast variations of c@gsimilar to the ones of
The distanceg, from the porous layer to the source and g 4 are present for both foams. A set of parameters given
from the layer to the microphone am=z,=3 mm. The i, Tapje || has been used to predict agsn Figs. 4 and 5.
distancer from the source to the receiveris=23cm. The  1hq fiow resistivities and the densities in Table Il are mea-
angle of specular reflection i), verifying cotp=(zs  syred and the shear moduli have been chosen to set the fast
+2)Ir. The porous layers are glued to a rigid impervious e icted variations at the same frequencies as the measured

backing, the area of the layers is close to 1 he evalua-  gnes The other parameters have been set to reasonable val-
tion of cosé, with Eq. (4) is performed from a measurement ;o5 The frequencies where the fast variations occur are

of the ratiop, /(exp(ikR)/R,) where exp(kR/R, is the di-  ainy related to densities and shear moduli; the other pa-
rect field at a distanc®, from the source. The measurement ;5 meters have a very small influence on the localization of
of the ratio is obtained from a measurement of the pressurge tast variations. For the black foam, measurements of the

pn related to the direct field, the porous surface being rég,yjeigh wave velocity have been performed on a sample of
placed by a rigid, impervious surface and a second measurgsickness| =6 cm with the method described in Ref. 8: a

ment over the porous surface of the presqureBoth mea- R,y ieigh-like wave is excited with a conventional shaker in
surements are performed with the same geometry, close to

grazing incidence so th&; andR, are equal in a first ap-

proximation. The ratio in Eq(4) can be evaluated from TABLE II. Parameters for the porous materials.

Pi— Ph /2 Parameters Yellow foam Black foam

P/ (exp(ikRy)/Ry) = P2 64)  orosity s 0.99 0.99

. . flow resistivity o (Nm™s) 40 000.0 130 000.0

and cogj, is given by thermal permeabilitk/, (m?) 10°° 5x 10710

S 3] viscous dimensiom\ (um) 100 60
h™ Mt 7T / 2 thermal dimensiom\’ (um) 300 180
2 o =cosby exi{ 4 )[ 2mKRy exp(—w*) tortuosity a., 1.05 1.1
_ densityps (kg/n?) 58 59

Xerfa —iw)]. (65)  shear modulud (kPa) 62.0—i1.55 125.0-i6.0
. . . Poisson ratidv) 0.3 0.3
An iterative proceduréd is used to evaluate CO  thickness (cm) 0.5 10

from Eq. (65). For thin layers with a source-receiver

6



- r T T T T T T ] component of the mode is close to the wave number in the
E 14} / . free air. The amplitude of the mode is sufficiently large for
e ol o ] the mode to be detected acoustically from the fast variations
= / ] with frequency of the location of a pole of the reflection
€ oa} 1 coefficient. The description with the Biot theory of the inter-
< ogr '/'// ) . . . . ] action between the shear mode and the acoustic field in air is
0 001 002 003 004 005 006 007 008 in good agreement with the experiment. This is a new ex-
Distance from source (m) ample of the adequacy of the Biot theory for the description
osl ' ' ' ' ' ' ' ] of the acoustical properties of sound-absorbing media. This
%;o.s- '\\ 1 work also shows the interest of the method of localizing a
%z;: T, . ] pole of the reflection coefﬂc!ent_fro_m short range pressure
Eoil \ | measurements close to grazing incidence.
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