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Abstract. In this paper, we carry out the homogenization of a very rough three-
dimensional interface separating two dissimilar generally anisotropic poroelastic solids
modeled by the Biot theory. The very rough interface is assumed to be a cylindrical sur-
face that rapidly oscillates between two parallel planes, and the motion is time-harmonic.
Using the homogenization method with the matrix formulation of the poroelasicity theory,
the explicit homogenized equations have been derived. Since the obtained homogenized
equations are totally explicit, they are very convenient for solving various practical prob-
lems. As an example proving this, the reflection and transmission of SH waves at a very
rough interface of tooth-comb type are considered. The closed-form analytical expressions
of the reflection and transmission coefficients have been derived. Based on them, the ef-
fect of the incident angle and some material parameters on the reflection and transmission
coefficients are examined numerically.

Keywords: homogenization; homogenized equations; very rough interfaces; fluid-saturated
porous media.

1. INTRODUCTION

The homogenization of very rough interfaces and boundaries is used to analyze the
asymptotic behavior of various theories of the continuum mechanics in domains includ-
ing a very rough interface or a very rough boundary [1]. It is shown that such an inter-
face and a boundary can be replaced by an equivalent layer within which homogenized
equations hold [2]. The main aim of the homogenization of very rough boundaries or
very rough interfaces is to determine these homogenized equations.

Nevard and Keller [2] considered the homogenization of three-dimensional inter-
faces separating two generally anisotropic solids. The homogenized equations have been
derived, however, they are still implicit. Gilbert and Ou [3] investigated the homogeniza-
tion of a very rough three-dimensional interface that separates two dissimilar isotropic
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poroelastic solids and rapidly oscillates between two parallel planes. The motion of the
solids is assumed to be time-harmonic. The homogenized equations have been obtained,
but they are also still in implicit form. It should be noted that, for deriving the homoge-
nized equations, Nevard and Keller [2], Gilbert and Ou [3] start from basic equations in
component form of the elasticity theory and the poroelasticity theory, respectively.

Using the matrix formulation (not the component formulation) of theories, Vinh and
his coworkers carried out the homogenization of two-dimensional very rough interfaces
and the explicit homogenized equations have been obtained for the elasticity theory [4-7],
for the piezoelectricity theory [8], for the micropolar elasticity [9] and for the poroelastic-
ity with Auriault’s model for time-harmonic motions [10].

A cylindrical surface with a very rough right section is a three-dimensional very
rough interface (see Fig. 1), and it appears frequently in practical problems. The homog-
enization of a such interface, called a very rough cylindrical interface, is therefore neces-
sary and significant in practical applications. Recall that, a right section of a cylindrical
surface is the intersection of it with a plane perpendicular to its generatrices.

In this paper, we carry out the homogenization of a very rough cylindrical interface
that separates two dissimilar generally anisotropic poroelastic solids with time-harmonic
motion, and it oscillates between two parallel planes. When the motion of the poroelas-
tic solids is the same along the direction perpendicular to the plane of right section of
the very rough cylindrical interface, the problem is reduced to the homogenization of a
two-dimensional very rough interface which is the right section (directrix) of the very
rough cylindrical interface. Therefore, this paper can be considered as an extension of
the investigation by Vinh et al. [10].

There exist two models describing the motion of poroelastic solids: Biot’s model
[11,12] and Auriault’s model [13,14]. In Biot’s model, the coefficients of equations gov-
erning the motion of poroelastic solids are known. Meanwhile, as Auriault’s model takes
into account the detailed micro-structures of pores including fluid, in order to deter-
mine the coefficients of governing equations (homogenized equations) we have to solve
numerically the corresponding cell problem, and then apply the homogenization tech-
niques. Therefore, Biot’s model is more convenient in use. In this paper, the motion of
poroelastic solids is assumed to be governed by the Biot theory [11,12].

To carry out the homogenization of the very rough cylindrical interface, first, the
basic equations and the continuity conditions of the linear theory of anisotropic poroe-
lasticity are written in matrix form. Then, by using an appropriate asymptotic expansion
of the solution and following standard techniques of the homogenization method, the
explicit homogenized equation and the explicit associate continuity conditions in matrix
form are derived.

Since the obtained homogenized equations are totally explicit, i.e. their coefficients
are explicit functions of given material and interface parameters, they are of great conve-
nience in solving practical problems. To prove this, the reflection and transmission of SH
waves at a very rough interface of tooth-comb type are considered. The closed-form an-
alytical expressions of the reflection and transmission coefficients are obtained. Based on
them the dependence of the reflection and transmission coefficients on some parameters
is investigated numerically.
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2. BASIC EQUATIONS IN MATRIX FORM

Consider an anisotropic poroelastic medium in which the pore fluid is Newtonian
and incompressible. According to Biot [11], the basic equations governing the time-
harmonic motion of the poroelastic medium are:

divE +f = —w?[pu+ p W], (1)
w = K[—iwpru + égradp], ()
L = Ce(u) —ap, (3)
divw = —a : e(u) — Bp, 4)

where ¥ = (0,,,) represents the total stress tensor, C = (cuy) is the elasticity tensor of
the skeleton, &« = ((xl-]-) is the Biot effective stress coefficient (tensor), f is the inverse of
the Biot modulus reflecting compressibility of the fluid and of the skeleton, p is the fluid
pressure (positive for compression), u = (i,,) is the displacement of the solid part, w =
f (UL — u) is the displacement of the fluid relative to the solid skeleton, w = (w,,), Uy is

the displacement of the fluid part, e(u) = (e, ) is the strain tensor: e, = 5 (thmn + Unm),
commas indicate differentiation with respect to spatial variables x,,, f is the porosity,
p = (1—f)ps + fpL is the composite mass density, p;, is the mass density of the pore
fluid, ps is the mass density of the skeleton, K = (k) = [K™! + iwpu] 7, pw = f oL,
K = (kun) is the generalized Darcy permeability tensor, symmetric and w-dependent,
f = (fm) is the volume force acting on the solid part.
From (2), we have
. P X N .

Wy = —Rpply + akmnp,n/ Kmn = Z(Ukamn = &ynm- (5)
Substitution of Eq. (5) into Egs. (1) and (4) leads to four equations for unknowns u, uy,
uz and p, namely

Omnn + wzpmnun + &mnp,n ‘|’fm =0, m=1,23 (6)
[l%mn (pn— wszun)]/m = (Wt + 1WPP, (7)

where Py = p0mn — PL&mn = Pum and oj; are expressed in terms of uy, uy, uz and p by (3).
Four equations {(6), (7)} can be written in matrix form as follows
(A11V/1 + A12V,2 + A13V,3 -+ A14V)/1 + (A21V/1 -+ A22V,2 + A23V,3 + A24V)/2

8
+ (As1v1 + Asvo + Aszvs + Azav) 3 +Bvy + Gvy +Dvs +Ev+F =0, ®

where v = [uj up u3 p)*, F = [f1 f2 f3 0]7, the symbol “T” indicates the transpose of a
matrix and matrices Ay, B, G, D and E are given by

ci1 ¢ c15 O €t C12 c14 O
A, — |16 Ce6  Cse 0 A, — |C66 €26 Cas 0
11 — 0 ’ 12 — 0 ’
C15 Cs56 C55 Cs6 €25 C45

0 0 0 kg 0 0 0 kp
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c15 c14 c13 O 0 0 0 —ap
Ags = Cs6 Ca6 C36 O Ap = 0 0 0 —u12
cs5 €45 ¢35 0|7 0 0 0 —ag3|’
0 0 0 ks iwhkyy iwhyy iwikiy 0
€16 Ce6 C56 O Co6 C26 C46 O
A 12 ¢ (25 0 A, — |C26 €22 Co4 0
207 ey g 0|’ % Cag Coa Ca 0|7
14 Ci6 C45 46 C24 Caq
0 0 0 kp 0 0 0 hkn
Cs6 C46 C36 O 0 0 0 —ap
Ay = €5 €4 C23 0 Ay — 0 0 0 —ax
Cg5 Caq C34 O |7 0 0 0  —axn|’
0O O 0 1223 Iwikyy 1wl 1wWAys 0
€15 Cs6 ¢s55 0 Cs6 €25 C45 O
Asy — E14 cs6 C45 O Am— Ca6 C24 C4q O , )
13 €3 C35 O 36 23 3 O
0 0 0 ki3 0 0 0 ko3
Cs5 €45 c35 0 0 0 0  —a
Ags — C45 €44 C3q4 O Asy — 0 0 0  —ax
cs5 €3 ¢33 0|7 0 0 0 —azs|’
0 0 0 ks iwhyz iwhy iwkzy 0
0 0 0 &11 0 0 0 &1
B — 0 0 0 &1 G- 0 0 0 Qoo
0 0 0 &3 |’ 0 0 0 Q3 |’
—iw(xn —iwoqz —iw(xlg, 0 —iwoclz —iwazz —iCUD(23 0
0 0 0 {13 P11 P12 P13 0
D— 0 0 0 1%23 CE = o? {?12 ézz éza 0
0 0 0 as3 013 023 P33 0
—iwnz  —iwnps —iwazy 0 0 0 0 —ip/w

3. CONTINUITY CONDITIONS IN MATRIX FORM

Consider a linear poroelastic body that occupies three-dimensional domains O,
)7, their interface is a very rough cylindrical surface, whose generatrices are parallel
to Ox; and its right section (directrix) L, belong to the plane x, = 0, is expressed by equa-
tion x3 = h(y), y = x1/€ (¢ > 0), where h(y) is a periodic function of period 1 (see
Fig. 1). Suppose that the interface oscillates between two planes x3 = —A (A > 0) and
x3 = 0, and in the plane x, = 0: in the domain 0 < x; < € (i.e. 0 < y < 1), any straight



Homogenization of very rough three-dimensional interfaces for the poroelasticity theory with Biot's model 277

Fig. 1. Three-dimensional domains Q" and Q™ are separated by a very rough cylindrical surface
whose generatrices are parallel to Ox; and its right section (directrix) L (belong to the plane x, = 0)
is expressed by equation x3 = h(y),y = x1/¢€, h(y) is a periodic function of period 1

line x3 = xJ = const (—A < x3 < 0) has exactly two intersections with the right section L.
Let 0 < € < 1, then the interface is called very rough interface of Q" and Q™. Suppose
that the domains ()", Q™ are occupied by different homogeneous poroelastic materials.
In particular, the material parameters are defined as

X1

)
© (10)

X
Cl‘]‘*/ kij*/ [X—/ ,B—/ f—/ pS—/ Pw—r PL—/ x3 < h(?l)

Cij+s kij+/ Xy, ;BJrr f+/ Ps+r Pw+s PL+, X3 > h(
Cij/ kij/ &, 5/ f/ Ps, Pw, PL =

where c¢;jy, ..., 0L+,Cij—, ..., pL— are constant. Correspondingly, the matrices Ay, B, G,
D, E are given by
AL, B, G, D), EH) for x5 > k()
Akh/ B/ G/ D/E - xe (11)
AL BO),GE), D) EC) for x; < ()

where A,E;),...,E(H (A,(d:),. . .,E(’)) are expressed by (9) in which ¢, ..., pr are re-

placed by ¢jjy, ..., oL+ (cij,, ... ,pL,), respectively. Note that matrices Ay, B, G, D, E
do not depend on x,.
Suppose that O, Q™ are perfectly welded to each other along L. Then, the continu-
ity condition is of the form
(ui]lp=0,1i=1,23, [p]lL =0,

12
[O’iknk]L = 0, i= 1,2, 3, [iwwknk]L = 0, ( )
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where 7y is the xi-component of the unit normal to the curve (right section) L, and we
introduce the notation [.]., defined such as: [f], = f" —f~ on L.
In view of (3) and (5), in matrix form the continuity condition (12) takes the form

[V] =0 [(AllV,l +Appvy +Apvs + A14V)n1

(13)
+ (As1v,1 + Anvy + Azva + Aggv)nz], = 0.

4. EXPLICIT HOMOGENIZED EQUATION IN MATRIX FORM

Following Bensoussan et al. [15] we suppose that v(x1, X2, x3,€) = U(x1,y, X2, x3,€),
and we express U as follows (see Vinh et al. [4-6, 8])
U=Vie(NVENIV, 4 N2V, 4 NPVS) 4 (N2V 4 NV, + N2V, + N2V, i~
+ N211V,11 + N212V’12 + N213V,13 + N222V/22 + N223V,23 + N233V,33) + O(€3),

where V = V(x1, x2, x3) (being independent of y), N N N2 N3 N2, N2, N2, N2,
N2 N2 N21B N222 N223 N2 are 4 x 4-matrix valued functions of y and x3 (not de-
pending on x1,x7), and they are y-periodic with period 1. Since y = x;/€, we have
vi=U;+ €_1U,y.

Following the same procedure as the one carried out by Vinh et al. [9], one can derive
the explicit homogenized equation (equation for V) in matrix form of Eq. (8), namely
- For x3 > 0:

AV + (A 4BV, + (ALY + GV,

(15)
+ (A + D)V + EDV 4+ FH = o.
- For x3 < —A:
AV G+ (A + BV, + (AL + GOV 6
+ (AL + DOV + EOV+FC) =
-For —A < x3 < O:
(AT IV + [<A*l>*1<A;fAn> (An AT AL Vo + (A AL AR) Vs
+ [(Anar)ag) v 1] + [(An AT AT AT Aw) — (A0 AT AD) + (A2)| Vo
[ A AT (ALY THAL ALs) — (A A Ags) + <A23>}V,23 + [<<A31A1_11><A11 ) AR Ar)
— (AnAj Ap) + <A32>)V,2] L [((An) + (AnA ) (AL (A As) — (AnA ! AR))Va) | W)

+[(Ba AR A A [V [(AnAT) (A AL Aw) — (AnA Aw)

+ (Aag) + (BAT ) (Af) AR An) — (BAT'Ap) + (G)| V2 + [(D) + (BAT ) (AR!) ! (Af Avs)
— (BAT A1) | Vi + [ (At AT ) (AT) (A Avg) — <A31A;11A14>+<A34>)V]’3
+ [(B) + (BAL) (AL AL Aw) — (BA; Av) |V + (F) = 0.
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The associate continuity conditions are of the form
(V] =0, [Z3]1- =0, L*:x3 =0, x3= — A4, (18)
where
I3 = [<A31Aﬂ1><Aﬁ1>71<AﬂlA14> — (As1A] A) + <A34>}V
+(AnAL ) (AL TV, [<A32> + (An AL ) (A) T A Ar) (19)
— (A AT ADL) | Vot | (Ax) + (AnAG) (A) (AT Avs) — (A A Ars) | Vs,
and
(9) =/01 ody = (2 =y))e" + (1 —y2+y1)e. (20)

It is readily to verify that, when the motion of the poroelastic solids is the same along the
generatrix direction Oxy, i.e. V does not depend on x;, the homogenized equation (17) is
simplified to Eq. (27) in Vinh et al. [10]. It should be noted that the matrices Aj, B, D
and E in Eq. (17) (corresponding to Biot’s model) are not equal to the matrices Aj, B, D
and E, respectively, in Eq. (27) in Vinh et al. [10] (corresponding to Auriault’s model), in
general.

5. REFLECTION AND REFRACTION OF SH WAVE WITH A VERY ROUGH
INTERFACE OF TOOTH-COMB TYPE

In this section we consider the reflection and transmission of SH waves (11 = uz =
p = 0,ux = up(xq,x3)) at a very rough interface of tooth-comb type separating two
orthotropic poroelastic half-spaces. By the meaning of homogenization, this problem
is reduced to the reflection and transmission of SH waves (V; = V3 = P = 0,1, =
Va(x1,x3)) through a homogeneous material layer occupying the domain —A < x3 < 0
(see Fig. 2). For orthotropic poroelastic materials, we have [16]

Cra =Ck5s = ks = 0, k=1,2,3, c45 = c46 = 56 = 0,

21
K1p = 13 = a3 = 0, kip = ki3 = ko3 = 0. @1)

In view of (21), from (5) we have
Bip =13 =23 =0, ko =kiz =koz =0, pro = p13 = p23 = 0. (22)

From Egs. (15)-(17) and taking into account (21), (22) (without the body forces), the
motion of SH waves is governed by the equations

Co6+ Va1 + Caat Voaz + (rex —iimy) Vo =0, for x3 >0, (23)
Co6— V211 + Caa— Vo33 + (1’6_ — iim_) Vo =0, for x3 < —A, (24)

(coo) Va1 + (cas)Vazs + {W) - i(im>] Vo =0, for —A < x3 <0 (25)
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where
re+:w2_p+—w2p%+pw+kgz+} im+:%
- 1+ w?05,, k5, 1+ w203, K55,
re_ = w? _P _ wzpﬁ_mkgz} im._ = M (26)
) N L I % A

] 2020 12 3/2
_ 2 W (p1pwk2y) - wprka)
o) =0~ T iy ) ™ = T gy

In addition to Egs. (23)—(25), are required the continuity conditions on lines L*: x3 =
—A, x3 = 0, namely

[Va],. =0, [0%],. =0, (27)

where 0'83 = <C44>V2/3.

SH, SH,

Q+

Fig. 2. The reflection and refraction of SH wave with the homogenized layer

Assume that a homogeneous incident SH; wave with the unit amplitude, the in-
cident angle 6, propagates in the half-space Q" (Fig. 2). When striking at the layer it
generates a reflected SHr wave propagating in the half-space Q" and a refracted SHr
wave traveling in the half-space (™. Following Borcherdt [17], the homogeneous inci-
dent SH; wave, the reflected SHi wave, the (transmitted) refracted SHt wave are of the
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form
Voy = = (AumitAsixs) p—i( Pz +Parxs) (28)
Vog = R e~ (AirmitAsexs) p—i(Prray +Pagxs) (29)
Vop = T e~ (Armva+Asrss) p=i(Pirxi+Parxs) (30)

where R is the reflection coefficient, T is the refraction coefficient, P; (P, Ps;), Pr(Pir, P3r),
Pr(Pir,Ps7) represent the propagation vectors and Aj(Aij, Asr), Agr(Air, Asr),
A7(Air, Asr) represent the attenuation vectors of the homogeneous incident SH; wave,
reflected SHr wave, refracted SHt wave, respectively and (see Vinh et al. [10])

PH = P] sin9, P3[ = —PICOSG, P[ = ’P]’,

. (31)
A][ = AI s1n9, A31 = —A[COSO, A[ = ’A1|

Substituting (28) into Eq. (23) yields

s —rey + \/red +im% , re, +y/re2 +im? )
I

2(cep4 SIN? O + cqq4 cos20)’ ! 2(cep4 SIN? O + Cyq4 cOs20)
Snell’s law gives immediately
Py = Pig = P11, A1r = Aig = Aar. (33)
Substituting Eq. (29) into Eq. (23) and using equalities (33) yield
Psgp = —P31, Asr = —Aszj. (34)

Equalities (31), (33) and (34) say that the refracted SHr wave is a homogeneous wave
with the reflection angle 6g = 0 (Fig. 2). Introducing Eq. (30) into Eq. (24) and using
equalities (33) lead to

7

) J —[re— — ces— (P — Afp)] + \/[767 — ce6— (P — A3p)]? + [im— —2ce6- P11 Ayj)?
3T = —

2C44—
Ca4 (35)
o [re— — ces— (P — AZ})] + \/[7’67 — ce6— (P — AFp)]? + [im— — 2cg6— P11 Avj)?
3T = — T .
In view of Snell’s law, one can see that the general solution of Eq. (25) is given by
V2 — (Ble—iK3X3 + BinKSx3)e_i(P”_iA”)xl, (36)
where B; and B, are constants to be determined and
2 - \/ (re) — (ca) (PR = A3) —il{im) —2(cgs) PuuAu] -
(Caa) '
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It is easy to verify that K3 = P; — iA; where (real numbers) P, Aj are given by

Py =

J [(re) — (cee) " (PH — AZ))] + \/[<7€> — (oo ) "1 (PF — AZD)]2 + [(im) — 2(cgg) " P AL )2
2(cq4) '
Ay = (im) — 2<C561>:1P11A11.
2(c44) Ps

(38)
Using (28)—(30), (36) and the continuity conditions (27) yields a system of four equations
for By, By, R and T, namely
B1+ B, =R+1,
_caa+ (A1 +iP3r) (1 = R)
<C44> (A3 + 1P3)

B1 — By =

Bje~(AstiP)A | B o(AstiP)A _ T,(Asr+iPsr)A (39)
Bje~ (AstiP)A _ g o(AstiPy)A _ _C447(A3AT + i.PAST) S(Asr +iPsr) A
(caa) (A3 +iD5)

Solving the system (39) for R and T we obtain closed-form analytical expressions for the
reflection and transmission coefficients, namely

R_ Prosn . ms—pq (40)
mr —qn’ mr —qn’
where
m— alef(/\3+il33)A + aze(A3+iﬁ3)A’ n = —pelAsr+iPsr)A
p= _{azef(Angin)A + ale(A3+i153)A}, q= are~(AsHiB)A _ o o(AstiBs)A
_ C44—(A3AT + iPABT)e(A3T+iP3T)A/ s = —{aye (AstiP)A _ g o(AstiP)ay - (41)
<C44>(A3 + ipg)
A P
g =1+ Cagy (Aar +1i 31), 0= (2 ay).

<C44> (Ag, + Zpg)

From (40) and (41) one can see that R and T depend on 13 dimensionless parameters,
namely

2 2
a C44— Co6+ w4 A OL+

Q= = = =, 6= wpi ki, €6 ="—,

a—+ Caq4 Caqt Caqt P+ 42)

2 2

C66— wp_A OL—
g7 =——, g = ———, €9 = wp_kp_, €50 ="—, 0, f1, fo.

Cqq— Cqq— 0—

Using formulas (40), (41) we consider the dependence of the moduli |R| and |T| of the
reflection and refraction coefficients on some dimensionless parameters.
It can be seen from Fig. 3 that:
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(i) When the incident angle 6 increases, moduli |R|, |Rg| increase and moduli |T|,
|To| decrease, |R| < |Rol|,|T| > |To| in which |R], |T|, (|Ro|,|To|) are the reflection, refrac-
tion coefficients with the rough interface, (without the rough interface) (see Fig. 3(a)).

(ii) The increasing of €1, e, makes the reflection coefficient increasing and makes the
transmission coefficient decreasing (see Figs. 3(b), 3(c)).

(iii) In contrast, the increasing of ¢4 makes the reflection coefficient decreasing and
makes the transmission coefficient increasing (see Fig. 3(d)).

1 T 1.6 T T
— R . L
___\ | Y 150~ < JE—— |
Tl / ~ . Y
7 L ~ u
08- -~ IRy R/ 1.4 ~o_
— e 131 R 4
E o6 -7 i _12f S~ i
= E T~
e —~14F ~<_ k!
- 4 4 -~
04 _ == - N 4 1F ~<_ i
o N ~o_
= xf_\ 0.9F 7
N\
0.2 AN 1 0.8 B
N
N 07;_//’7
RN
0 Il Il Il Il Il Il Il Il K L L L L L L L
0 10 20 30 40 450 60 70 80 90 0.1 0.2 0.3 0.4 0.5 3 0.6 0.7 0.8 0.9
. . . . . . _60%e —10¢ =13 —1Be —16¢ =06
.e' = O.Z?f,sz= 1:6,£3= 1.,3,34= 1.A5,95= 1A6,56=0A6, 9076('1 i€, = 1..2,83— 1:3,64— 1§,f£57 1.'6f,s67 0.6;
£7=1.8,S5=3,5,sg=1.1,€m=1.2, f‘ = O.1,f2 =02 €, = 1.8,88 = 3.5,;:9 = 3.1,1—:‘0 =12; | = 0.8; = 0.7
() (b)

IRI, [TI

e, 15 2
€, =0.7; £3=1 .3; 54=0.2; €5=1 .6; £6=0.6; s7=1[;8;
sB=3.5; sg=1 15 sm=0.8; f1 =0.1; f2 =0.2;0=60

(©

25 3

IRI, [TI

0 . .
0.5 1 e

4
s':0.7; 82:1 .3;83:1.5; 55:246; 55:0.6; 67:1 .:3;
88:2.1 ; 59:0.1 H 8‘0:1 .2; f‘ =0.3; f2 =0.2; =30

(d)

I
1.5 2

25

Fig. 3. The dependence of the moduli |R| and |T| of the reflection
and transmission coefficients on 6y (a), £1 (b), €2 (c), €4 (d)

6. CONCLUSIONS

In this paper the homogenization of a very rough cylindrical interface that separates
two dissimilar generally anisotropic poroelastic solids with time-harmonic motion, and
oscillates rapidly between two parallel planes is investigated. The explicit homogenized
equation in matrix form has been derived by applying the homogenization method. Since
the obtained homogenized equations are fully explicit, they are a powerful tool for inves-
tigating various practical problems. As an example, the reflection and transmission of
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SH waves at a very rough interface of tooth-comb type are considered. The closed-form
analytical expressions of the reflection and transmission coefficients have been obtained.
Employing them, the effect of the incident angle and the material parameters on the re-
flection and transmission coefficients is investigated numerically.

ACKNOWLEDGMENTS

The work was supported by the Vietnam National Foundation for Science and Tech-
nology Development (NAFOSTED) under Grant No. 107.02-2017.07.

REFERENCES

[1] W. Kohler, G. Papanicolaou, and S. Varadhan. Boundary and interface problems in re-
gions with very rough boundaries. In Multiple Scattering and Waves in Random Media, (1981),
pp. 165-197.

[2] J. Nevard and J. B. Keller. Homogenization of rough boundaries and inter-
faces. SIAM Journal on Applied Mathematics, 57, (6), (1997), pp. 1660-1686.
https: //doi.org/10.1137 /50036139995291088.

[3] R. P. Gilbert and M.-]. Ou. Acoustic wave propagation in a composite of two different
poroelastic materials with a very rough periodic interface: a homogenization approach.
International Journal for Multiscale Computational Engineering, 1, (4), (2003), pp. 431-440.
https: /doi.org/10.1142/9789812704405_0024.

[4] P.C.Vinh and D. X. Tung. Homogenized equations of the linear elasticity in two-dimensional
domains with very rough interfaces. Mechanics Research Communications, 37, (3), (2010),
pp- 285-288. https: //doi.org/10.1016/j.mechrescom.2010.02.006.

[5] P. C. Vinh and D. X. Tung. Homogenization of rough two-dimensional inter-
faces separating two anisotropic solids. Journal of Applied Mechanics, 78, (4), (2011).
https: //doi.org/10.1115/1.4003722.

[6] P. C. Vinh and D. X. Tung. Homogenized equations of the linear elasticity theory in two-
dimensional domains with interfaces highly oscillating between two circles. Acta Mechanica,
218, (3-4), (2011), pp. 333-348. https: //doi.org/10.1007 /s00707-010-0426-2.

[7] D. X. Tung, P. C. Vinh, and N. K. Tung. Homogenization of an interface highly oscillating
between two concentric ellipses. Vietnam Journal of Mechanics, 34, (2), (2012), pp. 113-121.
https://doi.org/10.15625/0866-7136 /34 /2/926.

[8] P. C. Vinh and D. X. Tung. Homogenization of very rough interfaces separat-
ing two piezoelectric solids. Acta Mechanica, 224, (5), (2013), pp. 1077-1088.
https: //doi.org/10.1007 /s00707-012-0804-z.

[9] P.C. Vinh, V.T.N. Anh, D. X. Tung, and N. T. Kieu. Homogenization of very rough interfaces
for the micropolar elasticity theory. Applied Mathematical Modelling, 54, (2018), pp. 467-482.
https: //doi.org/10.1016 /j.apm.2017.09.039.

[10] P.C. Vinh, D. X. Tung, and N. T. Kieu. Homogenization of very rough two-dimensional inter-
faces separating two dissimilar poroelastic solids with time-harmonic motions. Mathematics
and Mechanics of Solids, 24, (5), (2019), pp. 1349-1367.

[11] M. A. Biot. Theory of propagation of elastic waves in a fluid-saturated porous solid. I. Low-
frequency range. The Journal of the Acoustical Society of America, 28, (2), (1956), pp. 168-178.
https: //doi.org/10.1121/1.1908239.

[12] M. A. Biot. Mechanics of deformation and acoustic propagation in porous media. Journal of
Applied Physics, 33, (4), (1962), pp. 1482-1498. https: //doi.org/10.1063/1.1728759.


https://doi.org/10.1137/s0036139995291088
https://doi.org/10.1142/9789812704405_0024
https://doi.org/10.1016/j.mechrescom.2010.02.006
https://doi.org/10.1115/1.4003722
https://doi.org/10.1007/s00707-010-0426-2
https://doi.org/10.15625/0866-7136/34/2/926
https://doi.org/10.1007/s00707-012-0804-z
https://doi.org/10.1016/j.apm.2017.09.039
https://doi.org/10.1121/1.1908239
https://doi.org/10.1063/1.1728759

Homogenization of very rough three-dimensional interfaces for the poroelasticity theory with Biot’s model 285

[13] J. L. Auriault. Dynamic behaviour of a porous medium saturated by a Newto-
nian fluid. International Journal of Engineering Science, 18, (6), (1980), pp. 775-785.
https: //doi.org/10.1016 /0020-7225(80)90025-7.

[14] J. L. Auriault, L. Borne, and R. Chambon. Dynamics of porous saturated media, checking of
the generalized law of Darcy. The Journal of the Acoustical Society of America, 77, (5), (1985),
pp. 1641-1650. https: //doi.org/10.1121/1.391962.

[15] A.Bensoussan and ]. L. Lions. Asymptotic analysis for periodic structures, Vol. 5. North-Holland,
Amsterdam, (1978). https: //doi.org/10.1090/chel /374.

[16] T.C.T. Ting. Anisotropic elasticity: Theory and applications. Oxford University Press, NewYork,
(1996).

[17] R. D. Borcherdt. Viscoelastic waves in layered media. Cambridge University Press, (2009).


https://doi.org/10.1016/0020-7225(80)90025-7
https://doi.org/10.1121/1.391962
https://doi.org/10.1090/chel/374




	1. INTRODUCTION
	2. BASIC EQUATIONS IN MATRIX FORM
	3. CONTINUITY CONDITIONS IN MATRIX FORM
	4. EXPLICIT HOMOGENIZED EQUATION IN MATRIX FORM
	5. REFLECTION AND REFRACTION OF SH WAVE WITH A VERY ROUGH INTERFACE OF TOOTH-COMB TYPE
	6. CONCLUSIONS
	ACKNOWLEDGMENTS
	REFERENCES
	Blank Page

