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Deformation due to various sources in
micropolar elastic solid with voids under inviscid
liquid half space

Rajneesh Kumar®, K.D.Sharma®, S.K.Garg

Absiract - The present investigation deals with the deformation
of a micropolar elastic solid with void overlying a semi-infinite
inviscid fluid subjected at the plane interface due to various
sources . Laplace and Fourier transform techniques have been
used to solve the problem. The expressions of the
displacement components, stress, couple stress and change
in volume fraction field are obtained in the transformed
domain. As an application of the approach (i) concentrated
force (i) uniformly distributed force (iii) linearly distributed force
(iv) moving couple have been taken to illustrate the utility of the
approach. A particular case of interest have been deduced
from the investigation.

. INTRODUCTION

non-linear theory concerning solid elastic
Amaterials consisting of various pores (voids)

distributed throughout the body has been
formulated by Nunziato and Cowin (1979). Later, Cowin
and Nunziato (1983) developed a theory of linear elastic
materials with voids, for the mathematical study of the
mechanical behavior of porous solids. They introduced
the presence of pores in the classical continuum model
by assigning an additional degree of freedom to each
material particle, namely fraction of elementary volume
which results void of matter; consequently, the bulk
mass density of such materials is given by the product
of two fields, the void volume fraction and the mass
density of matrix material.

Classical mechanics deals with the basic
assumption that the effect of the microstructure of a
material is not essential for describing mechanical
behavior. Such an approximation has been shown in
many well-known cases. Often, however, discrepancies
between the classical theory and experiments are
observed, indicating that the microstructures might be
important. For example, discrepancies have been found
in the stress concentrations in the areas of holes,
notches and cracks; elastic vibrations characterized by
a high frequency and small wavelengths, particularly in
granular composites consisting of stiff inclusions
embedded in a weaker matrix, fibers or grains; and the
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mechanical behavior of complex fluids such as liquid
crystals, polymeric suspensions, and animal blood. In
general, granular composites, for example, porous
materials are widely used in the area of passive noise
control as sound absorbers and the aspect of acoustical
waves characterized by high frequencies and small
wavelengths become significant.

To explain the fundamental departure of
microcontinuum theories from classical continuum
theories, the formal is continuum model embedded with
microstructures to describe the microscopic motion or a
non local model to describe the long range material
interaction. This extends the application of the
continuum model to microscopic space and short time
scales. Micromorphic Theory (Eringen and Suhubi,
1964; Eringen, 1999) treats a material body as
continuous collection of a large number of deformable
particles, with each particle possessing finite size and
inner structure. Using assumptions such as infinitesimal
deformation and slow motion, micromorphic theory can
be reduced to Mindlin's Microstructure Theory (1964) .
When the microstructure of the material is considered
rigid, it becomes the micropolar theory (Eringen, 1966) .
Eringen’s micropolar theory is more appropriate for
geological materials like rocks, soils, since their theory
takes into account the intrinsic rotation and predicts the
behavior of the material with inner structure.

Different researchers has discussed different
type of problems in micropolar elasticity with voids.
Scarpetta (1990), Marin (1996-a, 1996-b) , discussed
some problems in micropolar theory of elastic solids
with voids. Passarella (1996) derived the constitutive
relations and field equations for anisotropic micropolar
porous theomoelastic materials and also derived some
basic results.

Mondal and Acharya (2006) studied the effect
of voids on the propagation of surface waves in a
homogeneous micropolar elastic solids medium which
contains distribution of vacuous pores, Kumar, Deswal
and Tomar (2002) , discussed the surface wave
propagation in micropolar liquid saturated porous layer
over a micropolar liquid saturated porous half space of
different elastic properties. Kumar and Deswal (2000)
studied the propagation of surface waves in a
micropolar liquid saturated porous solids line under a
uniform layer of liquid.
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Kumar and Ailawalia (2007) studied the
interaction in a micropolar thermoelastic medium with
voids due to distributed loads. Kumar and Ailawalia
(2009) studied the influence of various sources in
micropolar thermoelastic medium with voids. Kumar and
Kumar (2009) studied the analysis of waves motion in
transversely isotropic medium with voids under a
inviscid liquid layer.

Ghiba (2008) studied the asymptotic partition
of energy in the micropolar mixture theory of porous
media. Huang and Zhao (2009) developed a mixture
theory for multicomponent micropolar porous media
with a combination of the hybrid mixture theory and the
microcontinuum theory. Madeo and Gavrilyuk (2010)
studied the propagation of acoustic waves in porous
media and their reflection and transmission at a pure-
fluid/porous-medium permeable interface. Tomar and
Khurana (2011) investigated the reflection and
transmission phenomena of plane longitudinal wave
from a plane interface between two distinct micropolar
porous elastic solid half space in welded contact. Kumar
and Kumar (2011) studied the wave propagation in
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transversely isotropic generalized thermoelastic half
space with voids under initial stress and discusses the
reflection characteristics of these waves under
consideration of stress free, thermally insulated or
isothermal boundary conditions. Kumar and Kumar
(2011) studied the wave propagation in orthotropic
generalized thermoelastic half space with voids under
initial stress.

In this paper the deformation due to various
sources in micropolar elastic with void overlying a semi-
infinite invicsid fluid is studied. The expressions for
components of displacement , stress and acoustic
pressure are obtained by using Laplace and Fourier
Transforms due to concentrated force, uniformly
distributed force, linearly distributed force and moving
couple .

[1. BASIC EQUATIONS
Following Eringen (1968) and lesan (1985) the
equations of motion and constitutive relations in a

homogenous isotropic micropolar material with voids
are given by:
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PROBLEM FORMULATION

We consider a homogeneous isotropic micropolar elastic half space with void (medium M1) and underlying

a uniform homogeneous inviscid liquid(medium M2). We take the rectangular coordinate system (OX1 X, X3) with

origin at the interface of M1and M2 and X, - axis is pointing normally into the medium M1.

We restrict our analysis to the plane deformation parallel to X; X5 plane with displacement vector U and

microrotation vector @ . For two-dimensional problem, we take

u =(u1,0’u3) > ¢ =(0,¢2,0)
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We introduce the non-dimensional quantities defined by the expressions

Equations (1) - (3) with the aid of (6) and (7) after suppressing the primes, yield
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The displacement components u, and u, are related to the potential functions as,

oD ¥ b ov

u, = —, Uy =——+—,
X, 0X o0X, 0X

Substituting the values of u, and u, from equation (13) in the equations (8)-(11), we obtain,

2

0
v2q>+a4y/—6t—2=o

a V¥ +ag, - 6‘1’ =0,

ES
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(15)
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We define Laplace Transforms as

and its inverse as

Fourier Transforms as

and its inverse as

f(X,%;,9) :J' f(x,X;,t)e dt
0

FOux0 = [ f(x.,x s)e*ds
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(19)

(20)
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Applying Laplace and Fourier Transform defined by (18) and (20) on (14) - (17) and after simplification, we

obtain,

where
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The solution of equations (20) and (21) satisfying radiation conditions that 6, v, @,? —0 as X; > ©

are
D=Ae™ + AT (25)
1% =Ade™ +Ad,e™ (26)
$ =Be ™" +B,e™" (27)
22 =Bd,e ™" +B,d,e™" (28)

where
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Substituting the values of @, ¥ from (25) and (27) in (13) and with the aid of (18) and (20) yield the
displacement components as

ﬁl =i f(Ae_“X3 +Ae ™ )+ (m3 Be ™" +m,B,e ™" ) (29)
G, =—(mAe™ +m Ae™ )-ig(Be™ +B,e ™) (0

From equations (4)-(7), (13),(18),(20) and with the help of (25)-(28) , we obtain the components of stresses,
couple stress as

£, = (f +gm’+ hdl)Ae‘”“‘X3+(f +gm,’ + hdz)AZe"“ZX3+(fm3 +iégm, )B e ™+ (fm, +idgm, )B,e ™31
ﬂl =KmAe ™ + Km,Ae ™ — (gz +b,d, + b17n132)Ble‘"‘-*x3 + (cfz +bd, + b17m42)82e‘m"x3 (32)
er132 = _bzz (m3d3 Ble_m3 + m4d4 Bze_rm)(3 ) (33)
Following Achenbach (1973), the field equations in terms of velocity potential for inviscid fluid are given by
f a§0f

=—p' —— 34
ppat (34)
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where

Boundary Conditions : At the surface X; =0 are,
ty, - p=—-FK(x1),

2) t31 =0,

3 my, = 0,

4) d_l,// =0
dx,

5) lJ3 = usf ,
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f
where ,0f is the density, p is the acoustic pressure, U, (:

m =& +57s

v’ f_T? (35)
o' =22 (36)
Poax

G' =Ve' (37)

f

oX,

j is the normal component of velocity

Applying Laplace & Fourier Transform defined by (18) and (20) on (34)-(37) , we obtain

= —my De ™, (38)
—b,se™™. (39)
(40)

(41)

Where F(x,t) is the known function. Applying the Laplace and Fourier Transform defined by (18)-(21) on (34)
and with the help of (29) to (34), we obtain the system of five non-homogeneous equations and after some
calculations, we obtain the stress components and acoustic pressure as

[ 1 X —Mm, X — [T, X: —M, X
f=—(A, Je™ +A, Re ™ +AVe™ +A, Ue™ ) 42)
P 1 — 1T} X3 — M, Xy —my X —mX
= (A Kme™ 4, Kme™ - A, Ge™ —A, He ™) (43)
m, = _%(r@d}ABlem“} + m4d4ABze’m“X3)
, (44)
N . b
LN
A | (45)

where
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Km, Km, G H 0
A=10 0 _bzzmsd3 _b22m4d4 0
md, m,d, 0 0 0

m, m, ig i —-m

A =m,d,(2GQ+GTR+YKVM, +i&Y)—md,(HQ+THR+YUKmM,) - S(G + H)
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A, = F(&.9md,mb, (Gm,d, - Hm,d,)

ABl = I%I(ga S)m5d4m4b22 Kmm,(d, -d,)
AB2 :_l%l(gas)msdsmsbzzl'(mmz(dz -d,))

— F,(£,9)[b,mm,(d, —d, ) {d;m,(H = Ki&)—d,m, (G - Ki&)}]

(46)

(47)

(48)

(49)

(30)

(51)

Applying the Inverse Laplace and Fourier transform defined by (19) and (21) on (42)-(45) , we obtain the

components of stress, normal velocity and pressure in the fluid as

by = ﬁ j: Ioi (A AJ8 ™ +A, ReT™+ A VE™ + AL U™ )eiixes‘dfds
ty, = ﬁ j: I;i (AA, Kme ™ +A, Kme ™ —A, Ge™ —A, He'™" )e‘“fxes‘dfds
XT Tbms A b€ ”‘5X3 'fxegdfds

[V. PARTICULAR CASE

d,;(,Wl* -0

In the absence of voids effect S , the boundary conditions given by (41) reduce to

1) by - p:_F1(Xat)

) t, =0
3 m, =0
4) Uy =uy

and the components of stress and acoustic pressure reduces to
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1 XHOOOOI —my X —Mmy X, —My X3 —MmX; NigX Ast
=y | jZ(AAJe”‘l +A, Re™ A V™ + A, Ue ™ Beddads (57)
1 XHOOOOI — My, X — M, X — M, X —M, X | EX
=g | [ agKme™ A, Kme™ —a,Ge™ - A, He ™ )d“e*dzds (58)
=LX+J' bﬁ de A, e ™ +m,d,A e‘m4x3) e'“e*dsds (59
M = J AR T )
1 X+ioo oo S i -
:4__j J’(—%(Aoe ”)je’fes‘dafds (60)
where
N V U L
Km -G ~H 0
A= 0 _bzzmsds _bzzm4d4 0
0 0 0 0
m i ig -m

A =-m,d;b,,[m;(mKU + NH) +b,;sm (H + Ki&)] +
b,,m, d, [m, (NG + KVm,) + b,,sm, (Ki¢ + G)]

= Ié](éga S)msbzz (Gm4d4 - Hmsd3)

(62)
AB :_E(éos)msrrhml%bzzl( (64)
= F, (£, 9)[d,m,b,,m (Ki¢ +G) —d;mb,,m (Ki& + H)] (65)
V. APPLICATION
As an application of the approach, we consider the following cases.
Case | : Concentrated force
Here F(X,1) = F(X)o(t)
To determine stress components and pressure due to concentrated force described by Dirac delta function
F (X) = 0(X) must be used with
F (55 S) =F (66)

Case I/ . The solution due to uniformly distributed force over a strip of dimensionless width 2a applied on the liquid
half is obtained by setting

Fxt) =[H X+ a) - )] S(t) (67)

in equations (50) — (54).
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Using (66) and then apply Laplace and Fourier transform defined by (18) and (20) on (67), we obtain

F(&,9) = % (68)

Case /Il : The solution due to linearly distributed force is obtained by using

F(x,t){l—% }5@) Jifj{<a

(69)
=0 Jif |X| >a
Its Laplace and Fourier transform yield
= 2(1—cos
F(f.9)= ( z ) (70)
&a

Case IV : Moving couple:

The boundary condition for a couple with its axis parallel to X, -axis and moving along X, -axis with constant
speed V are given by

0
Fi(xt) = H(t)675(x1 -Vt) (71)

1

and its Laplace and Fourier transforms yields,

2 F,(
F (é:a S) = % (72)

Substituting the values of ﬁl (é:, S) from (66),(68),(70) and (72) in (57) - (60) we obtain the components of

stress and acoustic pressure for (i) concentrated force (i) uniformly distributed force (iii) linearly distributed force (iv)
moving couple.
In the absence of void effect the corresponding results reduces to micropolar elastic with void under an inviscid fluid.

VI.  NOMENCLATURE t - time
1 Sijk - alternative tensor
Ny — lame’s constant -
Ka By — micropolar constant REFERENCES REFERENCES REFERENCIAS
a,&,c,d W1* y — material constant due to 1. Achenbach J.D., “Wave propagation in elastic
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