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Abstract

In this problem to analysis more characteristic of amplitude ratios of various reflected and
refracted wave at the interface between non-local micropolar elastic solid and fluid saturated
porous solid. So, the wave propagates in the medium non-local micropolar solid and fluid

saturated porous solid and separated by the interfaces z = 0 is studied. Longitudinal wave and

coupled wave impinges obliquely on the interfaces. Amplitude ratios of different reflected and
refracted waves have been computed numerically for this specific model and results obtained
are revealed graphically with incidence angle.

1. Introduction

The micropolar theory of elasticity constructed by Eringen and his co-
workers intended to be applied on such materials and for problems where the
ordinary theory of elasticity fails because of microstructure in the materials.
Micropolar elastic materials, roughly speaking, are the classical elastic
materials with extra independent degree of freedom for the local rotations.
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These materials respond to spin inertia, body and surface couples and as a
consequence they exhibit certain new static and dynamic effects, e.g. new
types of waves and couples stresses.

Eringen developed the theories of ‘micropolar continua’ and
‘microstructures continua’ which are special cases of the theory of
‘micromorphic continua’ earlier developed by Eringen and his coworkers [7].
Thus, the Eringen’s ‘M’ theories (Micromorphic, Microstretch, Micropolar)
are the generalization the classical theory of elasticity. In classical
continuum, each particle of a continuum is represented by a geometrical point
and can have three degree of freedom of translation during the process of
deformations.

Eringen and Edelen [2] developed the nonlocal elasticity theories
characterized by the presence of nonlocality residuals of fields. In nonlocal
theory of elasticity, the stress at any reference point within a continuous body
depends not only on the strain at that point but also significantly influenced
by the strains at all other points of the continuous body. Thus, the nonlocal
stress forces act as a remote action forces. These types of forces are frequently
encountered in atomic theory of lattice dynamics. The characteristic features
of nonlocal theory may fall in the materials with microstructures, where the
internal characteristic length may be considered as comparable with external
characteristic length. There are so many authors related to waves and
vibrations have been discussed. The present paper is concerned with waves
propagate non-local micropolar elastic solid and fluid saturated porous solid.
Find the values of amplitude ratios and with the help of MATLAB Software
depicted in the graphs.

2. Basic Equations and Constitutive Relations

The basic equations for the reflection and refraction of inclination waves
at the boundary of media M; and My are discussed as

(1= eV2)op = ABpe, () + (1 + K)epy(x) + Hey, (%) (1)

2w 2
(L= &7V )y = ahdpy vy (x) + Brgs(x) + vy (x), @)
where op; and p; are using for the stresses; o, B, y, K are representing the

micrpolar elastic constants; A, are Lame’s constants; ey = (up; — €4 0, ) are
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relative distortion tensor u; and ¢; are components of displacement and
microrataion vector; vz = (¢p;) are curvature tensor; ¢ = (ega) is the non-
local parameter; e; and a are material constant and internal characteristic
length respective and others symbols are their usual meaning.

The following equations of motion without body force and couple densities

are given as

(0 + Mug g + (0 + Ky g + KeppmOp,m = p(1 —&“V7)iy

(00 +B) bk ki + V0L ke + K hmmbn, m — 2Kd; = pj(l — £2V2),.

Now, using the Helmholtz decomposition

{u, o} = Vig, &} +Vx (U, 1), V - (U, TI) = 0.

Using above equation in (3) and (4) and assuming the wave form of
potentials {q, &, U, 11} = {a, b, A, B}exp {ik(n -7 — Vi}, propagating in the
direction of unit vector n with the speed V. Therefore, four waves there exist
in non-local isotropic micropolar elastic solid; such waves are independently
longitudinal displacement wave, independently longitudinal micro-rotational
wave and two sets of coupled transverse waves having their respective speed
Vi, Vo, V3 and V.

1
2

VE = +cf —e20® V§ :[ —ﬂ] (2 + 2 - 20?)(5)
)

_LA(_B+\/32_4A(3) %% =i(—B—\/Bz—4AC), (6)

where
9 2 2 2
A= —i;) B=820)2—C§—030)0+A(8 2_cg-cd)
0} w2
C = (*0® - c§ - c3)(%0® - cf)
p p p
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Every set of coupled transverse waves consists of a transverse displacement

wave coupled with a transverse micro-rotational wave.

Assuming the 2-D problem by taking the following components of

displacement and microrotation as
w= (.0, us) ¢=00 0,0 =0,
oy

where
251 :qx_U2,z us :qz+U2,x

and components of stresses are

0%2q . d%q 02U,
O =()L+2M+K)g+7\/6x—2+(2u+]() x 02
~ o%q ?Uy,  8%U,
Oz = (A1) 7=~ (1 +x) 2 TR - Kby
099
Hzy =7 oz

For medium M, (Fluid Saturated Porous Solid)

Using de Boer and Ehlers (1990), governing equations for deformation of
an incompressible porous medium drenched with non-viscous fluid in non-

existence of body forces are as follow

v-m%ig +n"up) =0 (10

S + uS)V(V - ug) + nSvE - nSvp - pSig + S, (g —ig)=0 (D)
n"vp + piip + S, (ip —1ig) = 0 (12)

T8 = 2uSEg + \S(Eg - I)I (13)
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1 T
Eg = E(grad ug + grad” ug), (14)

where u;, u;, i;, pi; i=F,S are using for displacements, velocities,
acceleration and density of fluid and solid parts respectively and p denote

effective pore pressure of incompressible pore fluid. TES' Stands for stress and
is the linearized Langrangian strain tensor in solid segment. 25 and uS are

the macroscopic Lame’s parameters of porous solid and nS and nF are the

volume fractions satisfying the relation
nS + nF =1. (15)

The tensor S, relating the coupled interaction flanked by solid and fluid, in
isotropic permeability may be define as
F\2 FR
)y

s, = 1, (16)

KF
where yF R and K¥ are fluids specific weight and Darcy’s permeability
coefficient respectively.

The displacement vector u;(i = F, S) in two dimensional problems can

be taken as
u; = (u', 0, w') where i = F, S. 17

Using equation (17) in equations (10) to (13) following equations are obtained
as
00"

S, S Sy2 S SOp
hy —_— \% - £
(W + p”) 5+ VIS = oo pw

s 0%uS .S auf  ou’
vl ot ot

- }:o (18)

S
S, 8,00 Sg2 8§ _SOp

hy — \% e

( +“)az+“ w” =m” == p

s wd g low” ow®
Yot ot

}:0 (19)

(20)

n +p

2 F F S
Fa_p F 0°u 8, ou ou ~0
ox 6t2
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2 F F S
nFa_p+ Fa w +S, aL_aL = (21)
0z o2 ot ot
2.8 2.8 2 F 2 F
nSau +8w +nF6u +6w _ 0 22)
Ox ot 0z ot Ox Ot 0z ot

Also, t7, and ¢S, are normal and tangential stresses in solid part respectively

and written as in this way

S S S
s S| ou ow S ow
_ i 2
iy, k(ax + 62]+2p e (23)
S S
s S| ou ow
_ 24
Loy u ( oz + % J’ (24)
where
S S
s _ow?)  ow”)
25
0 ox * ox (25)
and
2 2
vie T O (26)
ox 0z

In fluid and solid phase, displacement components (i.e. w and w’ ) are

associated to dimensional potential (i.e. (I)j and \Vj ) as

. a¢j a\uj . a¢j awj )
J — J_Z7X _Zr¥ =
u e T W P o F, S. @

Making use of equation (27), so the equations (10) to (13) can be written as

2,5 _ 1 0¢° S, 9% _
R e AN T T 9
S
of = -1 ¢8 (29)
n
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WSv2yS _

W

2. S F S
psﬂw{m_%}:o

o2 ot ot

F F S
pFé’\v +s,{a"’ _ Oy }:0

o2 ot ot
2,8 S
Fy2. S FO9” o 0¢° _
") p-n’p P So =7 =0

where

5:\/ 705 +2u%)
(T 2pS + (5)?p"

Assuming the solution of the system of equations (28) to (32) in the form

@5, oF, v, v, p) = 07, of , wi, wi', p1)exp (iGt),

where o is the complex circular frequency.

Making the use of (34) in equations (28) to (32), obtained the results

2, ® oS, S
Vi+ — - o7 =0
=2 F\2
¢ (5 +20%) (")

W9v? +p%%% - w8, ]yf = -i®S, yi =0
[-a%p" +ieS, v —ieS, vy} =0
9 — —
M"Yy +n%pT %7 - i®S,07 =0
S

7 S
o1 :_ﬂF U
n

879

(30)

(3D

(32)

(33)

(34)

(35)

(36)
(37

(38)

(39)

Equation (35) corresponds to longitudinal wave propagating with velocity

171 , given by

= 1
V2= _—
1 G1

where
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1 1S
G =|—=— - v ) 41
' {02 O_J(XS+ZMS)(nF)2} “

From equation (36) and (37) obtained the equation
®2 S
vie oyt =0 (42)
Vs
Equation (42) corresponds to transverse wave propagating with velocity ‘72,

. =9 1
given by Vy' = —.
Gy

where

S . 2
Gy = {p— iS5, Sy } (43)

TS — —2 .
WS wSe w5 +ieS,)

3. Solution of Problem

The potential function for Medium M, can be written as:
q = By exp {iky(x sin 0 — z cos 0) + iw;t}
+By exp {iky(x sin 0; + z cos 0;) + im;t} (44)
Uy = By exp {id;(x sin 09 + z cos 05) + iwgt}
+B3 exp {i89(x sin 03 + z cos 03) + iwst} (45)

dg = E By exp {id1(x sin 09 + z cos 09 ) + iwyt}

+F Bg exp {id5(x sin 03 + z cos 03) + iost}, (46)
where
5% wp
E = 47)
cz 8% + 2(9(2) - m% - 828%(})3
2 2
- 85 @0 (48)

cz 8% + 20)% - co% . 828%(l)§

where B, By, By, Bg are amplitudes of incident longitudinal wave, reflected

longitudinal displacement, transverse and micro-rotation waves respectively.
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For the medium M,

The wave field due to incident, reflected and transmitted waves are given
by

{¢S, ¢F, p} = {1, my, my} {Zl exp {iEl (xsin EO — zcos l;O) + iogt} (49)
(w3, wiY = {1, my} {Ay exp {iky(xsin kg — 2 cos kg ) + ioat}, (50)
where
_.n° _ [ n%aPp” —iwsS, _imyS,
m=-"F M2= F\2 mg="—"o 2 F
n ") 1S, — 3 p

A; and Ay are amplitude of reflected P-wave as well as reflected SV-

wave respectively. El and Ez represents the wave numbers of reflected P and

SV-wave respectively.
4. Boundary Conditions for Welded Contact Interface

At the interface z = 0, between micropolar elastic solid with non-locality
and fluid saturated porous solid is considered to be in perfect contact. The
appropriate boundary conditions are continuity of force stresses, couple stress
and displacements respectively. Mathematically, these boundary conditions

can be written as:

At the interface z = 0,
202 202 202
1-e2V2)op =t9 —p 1 -2V oy =t 1-e2VH)my; =0 wy =S, (50)

For this model, these boundary conditions can be written from in the view of
(1) and (2), so the first boundary condition is that the difference of normal
stress components in z direction, of fluid and solid respectively equal to the
fluid pressure p; second boundary condition is that tangential force per unit
area are equal at this interface; third condition is that couple stresses is
vanishes at this interface; due to continuity of displacement component and
welded contact of the interface horizontal and vertical displacement are
same. So, the suitable boundary conditions for the model under consideration,

in mathematical form are taken as
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S
6, =15 —p o, =t my =0 w =u’ ug = w'. (52)
In order to gratify above said boundary conditions, the Snell’s law’s
extension can be written as
sinfy sin6; sinBy; sinB3  sin 0, sin6,

= = = == =_——= 53
Vo Vi Vs Vy Vi Vs 3)

For the incident longitudinal wave
VO = Vl and 90 = 91.

Eventually, obtained a non-homogeneous system of five equations in
matrix from

AZ = B (54)
Z=[2, Zy Zy Z, Zs] (55)
B, By B3 A Ay
= — = — = — = — Z = =
A B, Zs B, Zs B, Zy B, 2°~ B, (56)

where Z; to Zs are the amplitude ratios of reflected longitudinal

displacement, reflected transverse and micro-rotational waves and refracted
P and SV waves.
The elements of matrix are can be written as:
82
app = A+ 2+ k)cos? ;) ayy = (2u + k) sin 05 cos O3 —;
ki
82 kP S S -
ay3(2u + k) sin 04 cos 04 —12 ajy = % 05 + 205 cos?0; + my}
ki ki

72
a5 = —k—22 Zus sin 09 cos 0y Y] = —aq;
ki
ag; = —(2u + x)sin 0; cos 0;
2 .2 2 KE | 87
a9y = —1u(cos” 03 —sin” 03) + Kk cos“ 03 "
1) r
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, 85
agg = —u(cos? 0, — sin? 0,) + « cos?0, — % —3
83 J ki
S . a = R S22 2z ks
agy = —2u° sin 0; cos 6; k% ags = n(cos” By — sin Oy —22
i i

Y1 =ay
ag; =agy =ags = Y3 =0ag =-E ag3 =-F

&1

a1 = sin 91 a4 9 = COS 63 k_
1

S .= k
ay3 = cos Oy k—2 ayq4 = —sin 6; k—l
1 1

= Ry
Q45 —sin 92 E Y4 = —ay1

. )
a51 = cos 0y agy = —sin O3 k_l
1

Q53 = —sin O, 2—? asq = —cos O, Z—l

1

Qz5 = —sin 62 2—2 Y5 = —Qg51- (57)
1

5. Numerical Results and Discussion

System of five non-homogeneous equations obtained the wvarious
amplitude ratios of reflected and refracted waves for emergence longitudinal
wave. In order to understand the behavior of different amplitude ratios, in
detail, these ratios are computed numerically for the considered model by
taking the values of applicable elastic parameters.

Consider the medium M; as silicon crystal, so the physical constants are
A =0.1055x1012N/m? = 0.2518 x 10''N/m?

k= 0.1x10"'N/m? ¢y = 0.49
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j=921%x10"%m? p = 2330kg/m?

y = 8695.99 x 10 °N a = 0.5431 x 10~ N. (58)

In the second medium M,, the values of various parameters are
nS =067 nf =033
pS =1.34Mg/m® 25 = 5.5833MN /m?
K" =0.01m/s pS = 8.3750N/m?
vB = 10.00KN/m?® pf = 0.33Mg/m?
® =10/s. (59)

Determines the modulus of amplitude ratios of different reflected and
refracted waves for this particular model and MATLAB software (R2015a 32-
bit) has been used for numerical computation of the resulting non-
dimensional coefficients and illustrate these ratios graphically. The

amplitude ratios are computed for incidence angle changes from 0 = 0° to
6 = 90°. The disparity of modulus of amplitude ratios i.e. | Z; [(i =1, 2, 3, 4

and 5) with emergence angle 6, of longitudinal wave are revealed in figures.

In figures (2) and (3), describes the variations of amplitude ratios when

the incident wave is longitudinal wave when medium M; is micropolar
elastic solid with non-locality and medium M, is fluid saturated porous solid.

This case is represented by ‘General’ and uses its abbreviation “GEN” in the

figures. The tendency of dependence of | Z; | on incident wave as well as

angle of incidence is dissimilar for different reflected and refracted waves as

depicted in the figures.

In the figure (2) represent the dissimilarities of the values of the

amplitude ratios | Z; |, | Zg | and | Z3 | from the angle of emergence 6y =0°
to 69 =90°. Here the values of the amplitude ratios | Zy | and | Z3 | are

vanishes zero at 6y =0° and 65 =90° while the value of amplitude ratio
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| Z; | is non-zero at the same angle. The amplitude ratios | Z; | and | Z3 |
have common value at angle 65 =28° and 6, =74" whereas the ratios | Z; |
and | Zy | have point of intersection common value at angle 6, = 58° and
0y = 66°. Except such angles, all amplitude ratios have totally different
values from 6y = 0° to 6y = 90°. The values of | Z; | are very smoothly
increases from initial angle to 6 = 58° and then the values rapidly decreases

from the angle 0, = 58° to 05 = 64° and approaches to its local minima and
after that the values again increase according to angle of emergence. The

values of | Zy | are smoothly increases from the initial angle i.e. 65 = 0° to
0y = 60° and obtain its peak value and then values suddenly decreases up-to

0y = 65° and after all the values again smoothly decreases corresponds to

angle of emergence. Now, the values of | Z3 | are smoothly increases from the
initial angle i.e. 65 = 0° to 6y = 60° and obtain its peak value and then

values suddenly decreases up-to 0y = 65° and finally the values again

smoothly decreases corresponds to angle of emergence. In this figure, all the

values of | Z3 | are greater than the values of | Zy | apart from only two
angle i.e. 8y = 0°and 6y = 90° whereas the values of | Z3 | are lesser from
the angle 8y = 0° to 65 = 27" and 0y = 74° to 6y = 90° as compare to the
values of | Z; |. The values of | Z; | are smaller than the values of | Z3 |

from 0y = 27° to 0y =90°. The effects of the non-locality are very clearly

visible in the above figure.
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5 T T L | | L L
Z1
....... 72
4+ -
°
84l f
©
°
2
32k 7
g =
"
[
O preee : ; ! I I [ P
0 10 20 30 40 50 60 70 = |

Angle of incidence(Degree)

The figure (3) describes the variation of the values of | Z, | and | Zj |
from the angle of emergence 05 = 0° to 65 = 90°. Here the value of the
ratios | Z4 | and | Z5 | are obtains zero at 8y = 0° and 6y = 90°. The ratios
| Z, | and | Z5 | have point of intersection common value at angle 6, = 29°.

Except the angles 8y = 0°, 65 = 29°, and 65 = 90°, both of amplitude ratios
have totally different values from the initial angle to last angle. The values of

| Z4 | are very smoothly increases from initial angle to 8y = 60° and then

the values rapidly decreases from the angle 0, = 60° to 6y = 65° and after

that the values again smoothly decreases according to angle of emergence

and again attains its local minima. The values of | Z5 | are increases very
slowly from 6y = 0° to 6y = 60° and then the values rapidly decreases from

the angle 6y = 60° to 6y = 65° and after that the values again smoothly

decreases according to angle of incidence. The values of | Z, | are smaller in
comparison to the values of | Z5 | from 6y = 0° to 6y = 29° except only the
angle 0y = 0° whereas values are greater from 6y = 29° to 05 = 90° except

only 0y = 90°. Tt is concluding that under the consideration of the medium

and boundary conditions the effect of non-locality is clearly seen in this
figure.
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x10™
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251 —5

15 b

Amplitude ratio

0.5r 4

L L L L
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Angle of incidence(Degree)

6. Conclusion

The tendency of reflection and refraction of emergent plane wave at an
interface of non-local micropolar elastic solid and fluid saturated porous solid
has investigated. Amplitude ratios of various reflected and refracted waves
have been computed numerically for a specific model and thus the results are
represented graphically with an angle of incidence of incident wave.
Graphical behavior of amplitudes ratios of different waves are depicted by
computing in MATLAB software and constant value of physical parameters

and corresponding boundary conditions.

e Amplitude ratios of different waves depend on the emergence angle of

emergent wave at the interface.

e The tendency of amplitudes ratios of various waves depend on angle 6,

and properties of materials half spaces.

e Effects of non-locality are clearly visible in the figures.
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