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ABSTRACT

The reflection and transmission of plane waves front a loosely bonded interface between
viscous liguid half space and a fluid saturated porous half space is presented. A
longitudinal or a transverse wave impinges obliquely at the interface. Four relations
among amplitudes of incidence, reflected and transmitted waves are obtained for a
loosely bonded interface using suitable boundary conditions. The amplitude ratios have
been computed numerically for a particular model and the results thus obtained are
presented graphically. It is observed that the amplitude ratios depend not only on the
angle of incidence of the incident wave, but also on materal properties of the medium
through which the waves traversed. Effect of bonding parameter is observed on
amplitude ratios. A special cases with empty porous half space medium has been

obtained from the present study.
L. INTRODUCTION

Porous medium is a subject of continued interest due to its importance in different
branches of study like soil mechanics, material science, seismology, petroleum industry,
geophysics, earth sciences, civil engineering and earthquake engimeering etc. Many
researchers made a lot of work on porous medium by taking different theories for the
porous medium. Biot in 1941 proposed a general theory of three dimensional
deformations of fiuid saturated porous solids based on the work of Von Terzagh (1923,

1925). Biot (1956a, 1956b, 1962) discussed the propagation of two dilatational waves
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and one rotational elastic wave in flyid saturated porous solids. Many researchers worked

by taking the Biot theory of Poroelasticity, e.g. Berryman (1980), Vashishth, Sharma and
Gogna (1991), Kumar, Miglani and Garg (2002) and Sharma (2007) etc.

Biot’s theory was based on th+ assumption of compressible constituents. But there
are sufficient reasons for considering the fluid saturated porous constituents as
incompressible. Bowen (1980) and |de Boer and Ehlers (1990a, 1990b) devcloped a
theory for incompressible fluid saturated porous medium based on the work of Fillunger

model (1913). The assumption of inpompressible constituents resembles the properties

appearing in many porous media materials, which are of use in many branches of study
stated above. Also, it avoids to the introduction of many complicated material parameters
as in the Biot theory. Based on this theory, many researchers like de Boer & Didwania
(2004), de Boer & L (1994), Tajuddin & Hussaini (2006) and Kumar et.al.(2011) Nath
(2012), Nandal & Saini (2013), Kumari (2014) etc. studied some problems of wave

propagation in fluid saturated porous media.

In the problems of wave propagation at the interface between two elastic half
spaces, the contact between them is nqrmally assumed to be welded. However, in certain
situations, there are reasons for expecting that bonding is not complete. Maity in 1975
presented a theoretical model for reflection, transmission, and attenuation of elastic
waves through a loosely bonded intgrface between two elastic solid half spaces by
assuming that the interface behaves like a dislocation which preserves the continuity of
stresses allowing a finite amount of slip. Vashisth and Gogna (1993), Kumar and Miglani
(1996), Kumar and Singh (1997) gtc. discussed the problems of reflection and

transmission at the loosely bonded interface between two half spaces.

In the present study, to discuss l#\e reflection and transmission of longitudinal and
transverse waves at a loosely bonded infterface between a viscous liquid half space and a
fluid saturated porous half space, the pprous media theory given by de Boer and Ehlers

(1990) is used. The model considered i3 assumed to exist in the oceanic crust part of the
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earth and the propagation of wave through such a model will be of great use in the fields
related to earth sciences. A special case of the problem is also solved by taking the fluid
saturated porous half space to be empty porous solid. Amplitude ratios of various
reflected and transmitted waves are computed for a particular model and the results are

shown graphically to discuss them.
IL BASIC EQUATIONS

The equations governing the deformation of an incompressible porous medium -
saturated with non-viscous fluid in the absence of body forces are given by de Boer and
Fhlers (1990} as

v +qfuf) = o, 1)
(35 +15)V(T. ) + 15V’ — FVp - S 45, (0P -85 = ¢, ' @
1'¥p 4 p¥a" + 50" ~ %) = 0, )]
T = 35BS + 25 (B5.1), | C)
E'= % (grad v® + grad™u®), (5

where o', o', &', i=FS denote the displacement, velocity aﬁd acceleration of fluid and
solid phases, respectively and p is the effective pore pressure of the incompressible pore
fluid. f and p¥are the densities of the solid and fluid constituents, respectively. T is the
effective stress in the solid phase and E* is the linearized langrangian strain tensor. .35 and
u® are the macroscopic Lame’s parameters of the porous solid and »° and nf are the

volume fractions satisfying

THn' =1 6
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In the case of isotropic permeability,

between the solid and fluid is given by

{ql')l.?l‘ﬁ
K

Sy = L

where PR 15 the specific weight of the

of the porous medium and I stands for

Assuming the displacement vector o' G

=, 0wwhere i=ES

and hence equations (1)- (3) give

incompressible porous medium in the ¢
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the tensor §, describing the coupled interaction

de Boer and Ehlers (1990) as

0

fluid and K is the Darcy’s permeability coefficient

unit vector.
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the equations of motion for fluid saturated

pmponent form as
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Using the Helmholtz decomposition of displacement vector. the displacemgnt
components u' and w' are related to the potential functions ¢' and ' as
w=—_-— i=F§ o (16)

Using, (16) in equations (9) - (13), we obtain the following equalioné:

. 139p? S do* : _
HFS N - = 17
F_ "_s & ' . as)
P = _“p +
STEyS - _;‘“'i [ L o
B .
+s, [ﬂv" 8y @0
3:e* Fre h .
Ofp —npF af: - 5«7:;— =0, ' - @
where
) o '
= J (Y o+ ms) o | : (22)

Also, the normal and tangentiat stresses in the solid phase takes the form,

ST L S PP xS a d) |
faa ’(ax 3 )Y\ T - 23

a:q)b a:v: azvs
| - -
ta” = (Zﬂxaz+ dz>  ax? }

(24
The time harmonic solution of the system of equations (17)- (21) can be considered as

@° 0F.v*. v .p) = (0,505 w5, ", ) exp i) @)

P
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where o is the complex circular freqnlency.
Making use of (25) in equations (17)4(21), we obtain
n? oS, ]

gﬁ + ___ —
¢’ (3F +2p8)nF)?
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Equation (26) represents the propagation of a longitudinal wave with velocity Vy, give

» 1
V==,
T T,
I TESO
where G = L,’ e@.s +385 JinF ¥ ]

From equations (27) and (28), we gel

e
23w 5=
{V +V;]\;r1 = {.

Equation (33) corresponds to the proFagatiQn of a transverse wave with velocity Vs, ¢
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Further, following Fehler (1982) the equations of motion for a viscous liquid medium in
terms of the potential functions ¢ and ycorresponding to longitudinal and transverse

Wwaves are as

4 3 Bg 8 3y
b v7 P IS L) - N ) = «_‘_“_).‘

where k' is the bulk modulus, ¢" is the fluid density, nis the fluid viscosity, The

components of displacements and stresses are given by

a¢- &vn an‘ a\}’. g 62¢' 62V‘ alw’}

‘= -, = ' ‘=u = . 36

T T YT ata W ilantas 328 | (36
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fue Z[k ~375t [6:{3 ¥ 522] "3t|axaz " Fe ] (37

HI. FORMULATION OF THE PROBLEM.

A viscous liquid half space medium M, lying over an incompressible fluid saturated
porous half space medium M, is considered. Taking the Cartesian coordinate system in
such a way that the interface between the two half-spaces represents the xy-plane and z-
axis is pointed vertically downward in ihe lower half space medium M, so the medium M,
is represented as 22 0 and medium Mz as 2 0. A plane wave (P or SV-wave) propagates -
through the half space medium M, and incident at the plane interface z=0, making an
augle & with normal to the surface. Corresponding to each incident wave (P or SV-
wave), we get reflected P and SV- waves in the medium M, and transmitted P and SV-

waves in medium Mz The problem considered is a two dimensional problem with 5"-—5 0
¥
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Mediumn My

Medium M,

Fig.1 Geometry of the problem

1IV. SOLUTION OF THE PROBLE
The potential function solution of the e uations {17)-(21) can be taken as

{¢% ¢F.p} = {1, m,, m,}{A,, explik,{xsinfy} z cosby) + v,
+ Ay explik, (x sin®, + z cos8, ) - io )],

fy? ¢} = {1, my}[By, explik, G sindy-z cdsy) + im,t)
+ By explik; Gesing; + 2 cosB,) [+ imyti],

where

L m. = [ﬂamxipr-imisv} +| 1025y
[ St NI Tva— T

my=——5 T —————,
o (¥ 7 S, — 0, pF

(38;

(3%

(0,

Ay and By, are the amplitudes of the incident P and SV-waves, respectively, and "4, By

are the amplitudes of the reflected P and SV-waves, respectivély.

Following Kumar & Tomar (2001), the|solution of the system of equation.(35) is taken in

the form

1 ; e '
¢ =4 exp {-4(1{'3 - k;’sinza;)‘z}ex&{i(m; t+ K, "xsing, )}, -

- (a1
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L
2

v = B," exp {—i (%) + kz'zsin"'e;) z} expfi(o,” t +k, xsind, )}, (42)

where A" and B," are the amplitudes of transmitted P- and SV-waves.

Also

iz

K m(i i%im\')' a2 K o 13
“ct 'Bcﬂ- 4 c ....p_‘ v—pv’ ( B

ki and k;* are the wave numbers of transmitted P- and SV-waves, respectively.

V.BOUNDARY CONDITIONS

The appropriate boundary conditions at the interface z=0 are the continuity of
displacements and stresses. Mathematically, these boundary conditions can be expressed

das.
b Pl ty Sty Wimw = (o -u) (44)
where K, =il and © = y/(1 — ylsing,

¥ is bonding constant. 3<y<1 y=0 cormresponds to smooth surface and y=1

corresponds to a welded interface

Snell’s law:

sint, _ siny _ sinf;  sinB,  sind,

Vv, v, A V. = Vz! . (45
where
¥
v [k (1 "fimn)]m . [imﬂ]z .
| S P. + 1 k* ¢ z - pc . (46.
Also
kl\a'l = k:vz = k,‘Vi‘ = k;'V:' =@ atz=20, (4?:
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For incident jongitudinal P-wave, we fake

Vo=V G =6,

For incident transverse SV-wave, we Have

Vo=Va 6 =8,

(48)

(49)

For incident longitudinal wave at the ifterface z=(}, we put By, = € in equation (39) and for

incident transverse wave, we put Ay =0 in equation (38). Now substitute the expressions

of potentials given by (38)-(39) in equations (16) and then_ in (23)-(24), and also
substitute (41)-(42) in (36)-(37). Then bsing all these in boundary conditions (44), we get

a system of four non homogeneous equ
4
DuE=Y  G=1234,
=t

where

" A, A ;B
1= A ¥ z: = A 4 z: - Ai * 43 = A
where A is the amplitude of incident wa

Coefficients =; in non dimensional form

——

tions which can be written as

Ve.

are obtained as
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1 [ . Kk . . g I(K‘s'ﬁ‘ k w2 . zﬁ ‘)1‘52} — 1 {5 - (’E)]
d33 = iiskiz 2inw; "k, sing (K ~k,""sin’s, . Ay _,uskf ingom, -
k ) 1 i N i/l k:- f
8y = cosl,, g, = —*—%siaﬁz, Qgy = —( K —ky zsinzei} » Bgy = = ging,
k, ky ky
ikt kz
3, =k,isind, a,= " o050,

ik k N ' T + - n 4T
8 = = ———sindy ~ = [2ino, k" sing, (K - k, Zsin?0,)” ]l
kg ky
i
H k. Fsin®a .)2 1 [ . (im}] "
344—"‘1(1 o T kg sy, "kil"lmz A (532)
For incident longitudinal wave, we have
A=y, Yy = -2y, Y =a, Y = 4, Yy =gy, (53)
For incident transverse wave, we have
A - Banl = 312.‘.{2 = "‘3221 Yg = "333’ Y4 = 342’ (54‘?

VL SPECIAL CASE

If pores are absent or gas is filled in the pores then pf is very small as compared to pf and
can be neglected, so the relation (22) gives us

hS + 28

C= 7 (55)

and the coefficients a,, in (52) chan ges to

}.'5
dgy = 'p?'l’ zmszel. (56}

and the remaining coefficients in (52) remain same. In this situation the problem reduces

to the problem of viscous liquid half space over empty porous solid half space.

Lo
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VII. NUMERICAL RESULTS AND DISCUSSION

The theoretical results obtained abobe indicate that the amplitude ratios Z (=123)
depend on the angle of incidence of ingident wave and material properties. The behaviour
of various amplitude ratios are observed through numerical computations by considering

a particular model, for which the numgrical values of the parameters are taken as under:-

Tn medium M,, the physical constants for fluid saturated mcompressible porous

medium are taken from de Boer, Ehlers and Liu [10] as
=067, =033 pP=13Mg/m’ pF=0.33Mg/m’, )7 =5.5823 MN/m®,
KF = 0.0tm/5, % = 10.00KN/m?, i° & B.3730N/m’, o = 10/s,

In medium ¥;,
k* = 0.119x 10t dynefem®,  p' = LPig/em’ n = 0.0014 poise

Using MATLAB. a computer|programme has been developed and modulus of
amplitude ratios 121 (i = L234) for Various reflected and transmitted waves have been
computed. 12,1 and 12| represent the| modulus of amplitude ratios for reflected P and
reflected SV-wave respectively. Also, 1Z,| and 12,] represent the modulus of amplitude
ratios for transmitted P and transmyitted SV-wave respectively. Dashed dotted line
represents the variations of the ampljtude ratios for bonding constant y = 0. dotted line
correspond y =0.25, dashed line for y 2 0.5, solid line fory =0.75 and bold dotted line for
y=11in all the figures (2)-(17) w.rt|angle of incidence of the incident P or SV-wave.

The variations in all the figures are shown for the range 0° <6 <90°.
Incident P-wave

Figures (2)-(5) represent the variations of the amplitude ratios of reflected P-wave,
reflected SV-wave, transmitted P-wavg and transmiteed SV-wave with angle of incidence

of incident P-wave. The behaviour of ail these distribution curves for reflected P-wave

698




Propagation of plane waves at a icosely bonded interface between viscous
liquid and fluid saturated porous solid half space

and for transmitted P-wave is opposite. For reflected SV-wave and transmitted SV.wave,
the behaviour of all curves is also same i.e. Increasing from normal incidence to
maximnm valee and then cieéz‘easing frem maximam value (o grazing incidence. Figures
(6)-(9) show the variations of the amplitude ratios of reflected P-wave, reflected SV-
wave, transmifted P-wave and transmitted SV-wave with angle of incidence of inc'dent
P-wave in special case. The effect of fluid filled in the pores of fluid saturated porons
medium is clear by comparing the maximum valyes of corvesponding amplitude ratio in
figures (2)-(5) and (6)-(9). For reflected SV-wave and transmitted SV-wave, the
behaviour of all curves is same. Also in the figures (6)-(9), the values corresponding to
bonding parameter y=1 ie., for welded interface are large in comparison to other

interface parameters except reflected P-wave.
Incident SV-wave

Figures (10)-(17) show the variations of the amplitude ratios for reflected P-wave,
reflected SV-wave, transmitted P-wave and transmitted SV-wave with angle of incidence
of the incident SV-wave. The behaviour of all these curves in figures (10jand(12) is same
i.e. Increasing from normal incidence to maximum value and then decreasing from
maximum value to grazing incidence.. In the figures (11)-(13), the pattern of all these
curves is almost same. Also in the tigures (10)-(13), the valnes corresponding to honding
parameter y=1 ie., for welded interface arc large in comparison to other interface
parameters. The behaviour of all these curves in figures (14)and(16) is same i,
Increasing from normal incidence to maximum vaiue and then decreasing from maximum
value to grazing incidence.. In the figures (15)-(17), the pattern of all these curves is
same. Also in the figures (10)-(13), the values corresponding (o bonding parameter y= 1.
i.e., for welded interface are large in comparison to other interface parameters except
transmitted P-wave .The effect of fiuid fille in ibe pores of fluid saturated porous
medim is clear by comparing the maximum values of corresponding amplitude ratio in

figures (10)-(13) and (14)-(] 7).
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VIIIL. CONCLUSION

Reflection and transmission phgnomenon of incident elastic waves at a loosely

interface between viscous liquid half spice and fluid saturated porous half space has been
studied when P-wave or SV-wave is in¢ident. It is observed that the amplitudes ratios of

various reflected and transmitted waves|depend on the angle of incidence of the incident

wave and material propertics. The effgct of fluid filled in the pores of incompressible

flnid satorated porous medium is significant on amplitudes ratios. Effect of bonding

parameter is observed on amplitude ratigs.
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Figure 2-5, Variation of the amplitude ratios|of reflected P-wave, reflected SV-wave, fransmitted P-

wave and transmitted SV-wgve with angle of incidence of SV-wave.
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