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Abstract: A mathematical model analyzing the effects of initial stress and variable amplitudes of corrugation for stresses and
displacements of surface waves on a fiber-reinforced half-space under a magnetic field and inhomogeneous impedance existing as a
linearly varying impedance is proposed. Constitutive equations of homogeneous fiber-reinforced material are utilized in formulating
the dynamical equations while incorporating the components of the magnetic field owing to Maxwell’s theory of electromagnetism.
The normal mode method paved the way in deriving the analytical solution vis-a-vis the stresses and displacements after suitable
boundary conditions in terms of linearly varying impedance and linearly varying amplitudes of corrugation (existing as trigonomet-
ric Fourier series of diverse heights) were formulated and utilized. Utilizing Mathematica 11, derived stresses and displacements were
graphically presented, thus demonstrating the variations of the interacting physical parameters of initial stress, variable amplitudes of
corrugation, magnetic fields, and the inhomogeneous impedance. The combined fields’ quantities of the model such as the linearly
varying impedance and amplitudes of corrugated surface, magnetic field, and initial stress exhibited enormous physical influences on
the stresses and displacements of the surface waves on the material. The gradient factor associated with the linearly varying impedance
results to a decrease in the behavior of the stresses and displacements on the material when increased. However, an increase in one
of the parameters associated with variable amplitudes of corrugation caused an upward trend in the stresses and displacements of the
waves. Particular cases are observed from the literatures if we neglect some parameters of variable amplitudes and impedance.
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1. Introduction

Vibrations are daily phenomena occasioned by natural or
artificial occurrences on or in bodies of materials, especially as it
behooves on elastic or mechanical waves. These waves on surfaces
of materials could be in the forms of Love, Rayleigh, or Stoneley
waves, depending on the conditions placed at the boundaries of
the interacting interfaces, mathematically speaking, and the eco-
nomic importance of these waves is predominant to the industries
working in the area of geophysics as it concerns seismology, civil
and mechanical engineering applications, etc. However, the prob-
lem of examining and deciphering information by these vibrations
caused in the material bodies requires some models (mathematical
models) or experiments via which theories can emanate. More so,
it’s evident that materials are characterized in different manners or
classifications, and it then suffices to say that waves’ propagation
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and modulation would also be entirely in different dimensions.
These material classifications could be isotropic or anisotropic
based. Spencer [1] formulated his work on the deformation of
fiber-reinforced material, which is a particular example of com-
posite materials. Composite materials are anisotropic in nature
and have a good level of material quality; thus, this endears them
to most engineering applications.

Consequently, studies concerning the surface waves on sur-
faces of materials using the non-local elasticity theory would still
be feasible [2]. This infuses a higher order rate of change to the
equations of motion of the wave due to the combined physical
consideration of the internal friction and material constants of
the medium.

In spite of this, changes in a homogeneous material dur-
ing deformation result in changes to the state of the medium’s
characteristics, especially in the material constants. This undoubt-
edly results in inhomogeneity in the material, be it along the
boundary or entirety of the material. Some of these inhomoge-
neous and non-planar considerations on materials [3, 4] and those
reported by Sethi and Sharma [5] may be in decaying or growing
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exponential functions of the material constants in line with the
space coordinate of the system via which these surface wave
analyses are carried out. Notwithstanding, other forms of inho-
mogeneity of the material could still occur in the material
parameters or the interacting physical factors, but we are lay-
ing emphasis to linearly forms of inhomogeneity in materials that
include a gradient term. All these linear formulations have ways
of giving new meanings and new models to analyze systems of
wave phenomena across interfaces and boundaries of materials
while retaining the original background of the study for giving
negligible factors therein in the formulations.

Furthermore, scientists have always sought ways to incor-
porate many factors into a model to accurately improve the
prediction or decipher information about the system under inves-
tigation rather than one known factor, which does not give an
accurate account of the environmental, mechanical, or even elec-
trical situation at hand. On this note, Singh [6] employed the
mechanical impedance, which is a measure of a material’s resis-
tance to wave propagation, while Asano [7] incorporated the
corrugated boundary surfaces via trigonometric series represen-
tations to make room for the analysis of waves across interfaces
or boundaries of materials since some materials are of differ-
ent geometry (planar and non-planar) or shapes in nature. Thus,
delving into models that seek to analyze the displacements and
stresses occasioned by waves on the surface of a linearly cor-
rugated and linearly impedance fiber-reinforced medium under
initial stress and magnetism highlights the hallmark and objective
of this present investigation.

2. Literature Review

Concisely, several researches has been carried out by authors
in the literatures by employing other factors like magnetic fields
which could alter the material’s characteristics and with the
propensity to act on the amplitudes and energy ratios and thus
affecting wave propagation, initial stress of the material, etc.. This
ardently adds to properly study the interactions of waves phenom-
ena and in turn leading to material examination and behavior.
Following this, Singh and Tomar [8] as well as Singh et al. [9] pro-
vided solutions regarding qP-wave on a corrugated material with
two distinct initial stress, examining the influences of corrugation,
surface reinforcement, hydrostatic stress, and non-homogeneity
on Love waves. Also, simulations of the behavior of steel ferro-
magnetic fibers commonly used in concrete in a magnetic field
were conducted by Novakova et al. [10], while an investiga-
tion detailing the application of homogenization approaches to
the numerical analysis of seating made of multi-wall corrugated
cardboard was conducted by Suarez et al. [11]. Also, studies
involving flexural strength of fiber-reinforced concrete as it con-
cerns or relates to the angle of magnetically orientated fibers
were proposed by Carrera et al. [12]. Also, other studies such
as the analysis of dispersion and damping exhibitions of Love
wave on orthotropic visco-elastic Functionally Graded Material
(FGM) layer possessing corrugated boundaries were undertaken
by Kumari et al. [13] while noting the proposition made by
Caceres-Naranjo et al. [14], which underscores assessment and
modeling of corrugated board dynamic properties under impact
loads. In line with this, other authors (Khalid et al. [15], Kim et al.
[16], and Mondal et al. [17]) contributed by advancing studies on
natural reinforced composites: sustainable materials for emerg-
ing applications, dynamic behavior of corrugated cardboard edge
damaged by vibration input environments and the mathemati-
cal examinations of surface wave transference through imperfect
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interface in A functionally graded piezoelectric material (FGPM)
FGPM-bedded structure as the case may be. The investiga-
tion of distinct geometrical aspects of impedance for horizontal
impedance conditions was proposed by Maleki and Jafarzadeh
[18], while the investigation on the propagation of Stoneley waves
for a non-planar interface of double hydrostatic stressed MTI
media was brought to light by Chowdhury et al. [19]. More so,
studies concerned with Rayleigh waves using impedance bound-
ary conditions and incompressible micropolar and orthotropic
material were examined by Singh and Kaur [20, 21]. Similarly,
Sahu et al. [22] examined the analysis of Rayleigh waves via
mathematical principles for two distinct materials with an imper-
fect boundary. Giovannini [23] gave account of dipole-exchange
spin-wave propagations considering periodically corrugated films,
and Rakshit et al. [24, 25] analyzed waves on an imperfect sur-
face of visco-porous piezoelectric half-space under a moving load.
Garbowski and Gajewski [26] determined the transverse shear
stiffness of sandwich panels with a corrugation using numerical
homogenization. And Talu [27] demonstrated great examination
in finding solutions to models involving micro and nanoscale
characterization of three-dimensional surfaces. However, all these
posited literatures did not account for an investigation on the
joint effects of linearly variable amplitudes (i.e., the amplitudes
are not constant but change along the surface, thus introduc-
ing different layers of complexities to the behavior of the wave)
of corrugation and linearly variable impedance (linearly vary-
ing impedance infuses non-homogeneity and complex conditions)
boundary condition for a homogeneous fiber-reinforced material
vis-a-vis analysis of displacements and stresses under magnetic
influences. Rather, they treated cases of individual or partial
consideration of the interacting physical factors or parameters
in order to decipher information about the wave’s motion and
behaviors on materials.

Owing to the above literatures, the present investigation is
conceptualized to account for the mathematical modeling and
analysis of surface waves on a variable corrugated and linearly
variable impedance medium under the influence of a magnetic
field and initial stress. This study is made feasible by utilizing
the constitutive stress-strain relations of homogeneous fiber-
reinforced solid material with some initial stress incorporations,
through which the governing dynamic equations of the wave were
developed and presented under the effects of magnetic force. The
analytical solution of the model was achieved by adopting the
eigenvalue approach of wave analysis. This led to the develop-
ment and derivation of the components of the displacements and
stresses occasioned by the wave motion on the material. Hence,
complete or total displacements of the wave and the stresses were
achieved by utilizing suitable boundary conditions vis-a-vis lin-
early variable amplitudes of corrugations and linearly variable
impedance of the material. Graphical results for the effects of the
combined physical quantities of initial stress, variable amplitudes,
variable impedance, and magnetic field parameters on the dis-
placements and stresses of the wave on the material were depicted.
We observed that these parameters have great contributions to
impact the behaviors of the wave and, by extension, the material
through which the waves propagate.

2.1. The mathematical model and formulations

To develop the dynamic equations of the model prob-
lem, it is sufficient to clearly state the stress-strain factor of
the considered material, the homogeneous fiber-reinforced half-
space, as proposed by Spencer [1]. This constitutive relation of a
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homogeneous fiber reinforcement has been utilized by Deswal
et al. [28] and Anya et al. [3, 29] as follows:

Ty = A&k Gy + 21 7€;; + A GrdmEimOij + €kkqid ;)

+2(ur — ur)(qiqrer; + 9;9KE ki)

+B(qrqmermaiq;) — P (51'/ + wij)
i=j=k=m=1,23,

¢y

In Equation (1), 4 is the Lame’s constant, 7;; represents the stress
tensor, ¢;; gives the strain tensor, u; entails the displacement vec-
tor, P is the initial stress, and J;; gives the well-known Kronecker
delta function and the fiber-reinforced materials (c,3,(1; — Ur).
The strain tensor is related to the displacement components in the

1 . . . .
form ¢;; = 3 (u;, jtu j,,»), while the spin tensor is denoted in the

form w;; = % (u;;—uj;). We represent ¢ = (ry,r,r3) such that
g = (1,0,0) stipulates the fiber-reinforced directions utilized in
the model. Thus, utilizing the constitutive relations, the govern-
ing or dynamical equation of motion of the wave that inculcates
the influence of magnetic force [29] is presented:
+ F; = pii; (2

Tij,j
Where:

Fi = o H} (e,1 — €0 poily, € p — €gigiia, 0)
=(F1,Fy, F3),i=1,2,3,

H; = Hyds + h;, hy = (0, 0,—e), is induced magnetic
field, e = u;;,1 = i,2,¢, is electric permeability. We propose that
the material lies in the plane of x;x, such that h;(xy,x,,x3)
= —uy 1 0;3. hi (X1, X2, x3);3. In line with this, we also hold that
H,; is the magnetic vector field, and u, is the magnetic per-
meability as accounted by Maxwell’s theory. We have equally
employed Einstein’s summation indices such that the index after
the comma entails partial derivatives with respect to the coordi-
nate and the superscript dot gives partial derivatives with respect
to time. Owing to all of these submissions and formulations,
the dynamical equations of the wave in component forms from
Equation (2) are presented:

A+2a+4u; —2ur+p +M0H§)U1,11

@+ A+ py + poHG + PI2)uy, 5 €)
+(pp — PI2uy 5y = {p + eoui Hytily,
(0 + A+ up + poHp + PI2)uy, 12+ (g — PI2)us, 1y @

+(A + 2ur + poHyuy, 10 = {p + eoug Hylita,

In a compressed form, the coefficients in Equations (3) and (4)
can be rewritten as:

01 = A+ 2a+4u; —2ur+ B + ugHy),

0> = (a+ A+ + poHy), Q3 = up — P/2,

Qs = (A +2u7 + po Hy),
such that:

Qyuy, 11 + Qotir, 21 + Q3,2 = {p + oui Hitity, (5

(©6)

As a convenience, if we employ the following dimensionless
ploy g
quantities: (x1’,x2",u1",u2") = co(xy, xp,up,10), ¢, = Q1/p,

Oruy 12 + O3ty 11 + Osty, 2 = {p + EOM%Hé}ﬁzy

() = cét, Ty = Ti_i/pcg into Equations (5) and (6) and sub-
sequently drop the sign “’” from the achieved equations, we
have:

(N

2 2 .
up, 11+ Quaua, 21 + Quauy, 2 = {1 + eoug Hy/ plity,

Oy, 12+ O3, 11 + Qisuz, 20 = {1 +50#(2)H(2)/P}i12, ®)

(012,013, 015) = ((Q2, 03, 05)/ 01)

3. Analytical Solution

In this section, we adopted the principle of the normal mode
method, otherwise referred to as the eigenvalue approach, for
wave analysis as a strategy and technique employed in formu-
lating our analytical solutions to the stresses and displacements
occasioned by the wave on the linearly varying corrugated homo-
geneous material with linearly varying impedance characteristics
under a magnetic field and initial stress on the material. Recall
that this approach of analysis is feasible because of the usefulness
that resonates with eigenvalue analysis which hinge on a definite
fact and as a tool associated with mechanical wave analysis. That
is, eigenvalue analysis explored in this work, serves as a means of
estimating the vibration shapes and linked frequencies that most
structures witness. On applying this proposition, components of
the displacements are thus presented:

up = (u (xp))e®F 031 = 1,2, ©)
Putting Equation (9) into Equations (7) and (8), two ordinary
differential equations (ODEs) are obtained below. These ODEs
are made to situate in the direction of the coordinate x;:

(Qi3D* = b* = K)uy + (iQ12bD)u5 = 0, (10)

(i0126D)u | +(Q15D? — Q136> = K)u, = 0, (1)

K=1+ so,u(z)Hg/p)a)z) and D? in Equations (10) and (11)
entail a second-order ODE in the direction of x, of space coor-
dinate. The two equations, namely, Equations (10) and (11), are
consequently coupled. This suffices that our 2D analysis seems
feasible in the considered direction x, and plane of x;x,. Thus, by
a nontrivial solution, the determinant of Equations (10) and (11)
gives zero, whereas (U1, u,) is not zero. Thus, via this process, a
4th-order differential equation in D is achieved, or a second-order
equation in D? is likewise considered and achieved below:

@n0 +q0D) + g )@, T =0 (12)
The characteristic equation left in D? in Equation (12) has com-
plex coefficients ¢y;,i = 1,2,3 (Appendix given). These complex
coefficients are dependent on the considered material constants.
Now, if we assume that 7;, i = 1,2 are real positive roots of
Equation (12) and also by utilizing the established propositions of
the solution approach, that is, the use of normal mode solution
analysis, the solutions of u |, u, follow:
(51,52) = (Sm Sln)e_nnxzn =1,2.

(13)

where the parameters S,, and S, in Equation (13) are functions of
the wavenumber b lying in the direction of x| coordinate and w the
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complex frequency. By putting Equation (13) into Equations (10)
and (11), the established relation for Sy,,, which is in terms of S,
is presented:

S1n = NS
Ny, = hy,/hy,,
1n 1n 2;1 ) . (14)
hiy = Quzn; — b° — K+ (iQ120m,,),
hyy = (Qysnj — Q13b* — K+ (iQ12b1,).n = 1,2.

Subsequently, the total components of horizontal and normal
displacements and normal and tangential stresses produced by the
surface wave on the fiber-reinforced solid under magnetic field and
initial stress become:

Figure 1
(a) Constant amplitude of corrugation Asano and (b) linearly
variable amplitudes of corrugation

Uy = S,e~Mmxat@rkibyy
uy = Sanne—n,,xg+wt+ibx1’
11y = {ib(1 — (ugH3/ Q1)) — 0, N1,Q16}S e In2t@rtibxy
—P/Qy,
Ty ={ibQ16 — NuN1,017}S,e~ M2 @HBXL — pjQ,
iy = {ibN1,Q31 — 0, Q13}S,e~ M2 tertibxy
Ty = {ibN1, Q13 — 1,031 }S,e I 2t @rHbx 1y = 2,
016 =1+ a)/Q1,Qi7 = (A +2u7)/Q1, Q31

= (up + P/2)/Q;.

4. Linearly Varying Impedance and Linearly
Variable Amplitudes of Corrugated Surface

In this section, we devote the formulations to introduce
the linearly varying impedance and linearly varying corruga-
tion that define our new model under investigation. From the
background of previous investigation, Asano [7] had proposed
E(x)) = g™ 4 &1 | = 1,2,3,4,..for all x, = £(x))
at the boundary. Now, x, = &(x;) defines the corrugation but
with no variation in the amplitude. This is because Asano [7]
considered x, = &(x) = acosbx;. Here, £ and &_; entail the
Fourier expansion coefficients, and / is the series expansion order,
a the uniform amplitude of corrugation, and » the wavenumber.
However, we need to include a variation in the corrugation such
that x, = £(x;) = acosbx; is reformulated. In doing so, we
introduce £(x1) = &e™1 + &_je=¥1,] = 1,2,3,4, ... such that
E(xy) = £ 4 E_jem ™1 ] = 1,2,3,4,...,EF = (a + cx))/2,
and & 7 = (F/+1)/2, I = 2,3..0n expansion into trigonometry
series, this implies that

E(x1) = (a + cx;)cos bx; + F, cos 2bx;+
I, sin2bxy + ... + F;cos lbxy + I;sin [bx;.

Hence, following Asano [7] and our formulation in this
regard, it suffices to state that £(x{) = (a + c¢x;)cos bxy, where
(a+ cxy) gives the variable amplitudes linked with the corrugated
surface. Thus, it implies that our new model shall adopt the vari-
able amplitudes of corrugation £(x;) = (a + cx;)cosbx; and
when ¢ = 0, (x) = (a+cxp) cos bxy returns to §(x;) = acos bx
[7]. To demonstrate the two different corrugations in Figure 1, we
have plotted £(x) = acosbx; and £(x1) = (a + cxq)cosbxy as
(a) and (b), respectively, below:

Following the above submissions, the boundary conditions
associated with the material with linearly variable amplitudes of
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corrugation and linearly varying impedance for an initially stressed
homogeneous solid become:

1) Normal stress w.r.t x, = £(x) entails the condition: 7y, +
Ty — §'_’(x1)021 + CU?zuz + P = 0)Vx; and t. Where
Ty = uOH(z)(ul,l +uy ), Anya et al. [1] define a new stress on
the material as proposed by Maxwell’s theory.

2) The tangential stress stipulates: 75 — &'(x;)7y; + wZuy +
Pwyy = 0,x, = E(x;)Vx; and ¢, [1, 28]. Z, and Z, [29, 30]
give the parameters of inhomogeneity of the impedance of
the material. Our study justifies the fact that V4 1,22 would
denote and connote a linearly varying impedance such that
(Z1,2,) = (Z1,Z,)(1 + dx,). However, Z;, Z, are consid-
ered homogeneous if d, which is the gradient factor of the
linearly varying impedance, is zero, meaning that we are sure
that we can retrieve Z;, and Z, given d = 0. Following this, it
entails that these assumptions give the two systems of nonho-
mogeneous algebraic equations of linearly varying impedance
boundary condition of a homogeneous variable corrugated
half-space given below:

{ibQ16 — 0uN1, Q173D
+[(a+ exp)bsinbx — ccosbxy]
{(bN 1y = 1,)Qy3}e =MD S,
+HugH2(ib — 1, Ny, Je~ EGDS,
+ N, Zy(1 + dE(x))e~MmECD S, =0,

(15)
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H{ibN1, — 0301380 + [(a + cxp)bsin bx; 2Figure 2
. Effects of initial stress (N/m~) on the displacements in meters and
—ccosbx [{ib(1 — (uoH?
ccos bxy Rib(1 = (ko O/Ql)) stresses (and) in (N/m?) with respect to in meters
1, N1, Q16}S,Je~ @D (16) , r . : : T r -

+wZ(1 + d€(x)))S,e~ @1

= P/Qq[(a + ¢x)bsinbx; — ccos bxy],
n=1,2.

Here, O}, = p7/Q; and finding solutions of the alge-
braic system of 2Xx2 equations (Equation (15) and (16)) for S,
n = 1,2 aid our derivations of the analytical results vis-a-
vis the displacements and stresses of the surface waves on the
linearly varying impedance-corrugated homogeneous magneto-
elastic material. We equally observed that if the variable amplitude
parameter ¢ = 0, this yields results for Asano’s [7] model for
constant amplitudes of corrugated surface of the material, while
d = 0 would generate results for uniform or constant impedance
considerations found in the literatures.

5. Computational Results and Discussion

The analytical solutions of the displacements and stresses of
the surface wave on the material are depicted in graphical forms
and are equally discussed in this section by utilizing the compu-
tational tool Mathematica. This is in order to draw conclusions
from the behaviors of the combined interactions occasioned by
the initial stress parameter, variable amplitude parameters(a, c),
magnetic field H, impedance Z;,i = 1,2, and the gradient factor
d associated with the varying impedance on the displacements and
stresses of the complex geometry. Utilizing the numerical param-
eters [31] and other quantities as given below, the graphics and
their corresponding analysis are thus presented in Figures 2-9.

1=3.76x10%kgm= 2 u; = 7.86 x 10%kgm='s72;
ur=2.86x10%kgm=1s72; p = 7800kg m=3;
a=-178x10%gm™1s72; § = 2x 10%kgm~s72;
w=(0.8 — 0.5)rad/s;t = 0.2s;b = 0.3m™!;
Z1=0.05Z,=0.07;¢=0.7;a = 0.25m,
Hy = 10004/m;d = 0.5m; P = 3N/m?>

In Figure 2, we depict the impact of the initial stress P on the
displacements u;,i = 1,2 and stresses (7j, and 75,) of the waves
on the material versus the length x, of the material. This happens
when the interacting physical parameters of variable amplitude
parameters (a, ¢), magnetic field H, impedance Z;,i = 1,2, and
the gradient factor d associated with the linear varying impedance
are unchanged on the material for varying initial stress P. Sequel
to this, we witness that the initial stress on the material caused
increase in behaviors on the displacements and stresses of the wave
on the material when increased. Also, this increase is observed
to be in sequence starting from the initial length of the material,
where their maximum values occur. On this note, as the wave
propagates along the extended length of the material, decrease
effects in terms of amplitudes and behaviors of the displacements
and stresses were observed and via which the minimum decrease
effects values lie especially at the vanishing region of the waves;
P = 3. Physically speaking, the initial stress P has shown that its
impact for this considered model is to act as a push on the mate-
rial, thus increasing the displacements and stresses occasioned by
the surface wave on the corrugated surface.
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Accordingly, Figure 3 demonstrates the influence of the mag-
netic field Hy on the displacements u;,i = 1,2 and stresses
(t12andty,) of the waves on the material against the length x, of
the material. This occurrence is feasible only when the combined
interacting physical parameters of variable amplitude parameters
(a, ¢), initial stress P, wavenumber b, impedance Z;,i = 1,2, and
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Figure 3
Effects of magnetic field H, (A/m) on the displacements
u;,i = 1,2 in meters and stresses (7, and 7,,) in (N/m?) with
respect to x, in meters
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the gradient factor d associated with the linear varying impedance
are unchanged in the material for the different magnetic field H,.
Owing to this, we observed that the magnetic field H, on the
material caused an increase in behaviors on the displacements and
stresses of the wave on the material when increased, however, not
in a sequential manner. The maxima displacements and stresses of
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the wave lie near x, = 0. Decrease across the material as the wave
propagates along the extended length of the material in terms of
amplitudes and behaviors of the displacements and stresses were
recorded and towards this region, the minimum values lies across
the material as especially at the vanishing region of the waves;
H{ = 0-given that the magnetic field is negligible.

Nevertheless, Figure 4 gives the pictorial evidence demon-
strated by the gradient factor d associated with the linearly varying
impedance (linear inhomogeneous impedance) on the displace-
ments u;,i = 1,2 and stresses (7, and 7y,) of the surface waves
on the material with respect to x,coordinate of space. This is
such that the other physical constants of magnetic field H, vari-
able amplitude parameters(a, ¢), wavenumber b, initial stress P,
and impedance Z;,i = 1,2 are held fixed on the material. More
so, we notice that from Figure 4, increasing the gradient factor
dassociated with the linearly varying impedance (linear inhomo-
geneous impedance) results to a decrease in the behavior of the
stresses and displacements of the surface waves on the mate-
rial. Hence, we equally observed that the maximum values of the
stresses and displacements occur near the origin of the normal
coordinate of space x5, while their minimum values lie at the point
or region of vanishing point of the wave on the material where
uniform behaviors occur. This physically has some level of con-
viction patterning to how the nature of impedance could influence
wave propagation.

Subsequently, Figure 5 showcases the effects of the param-
eter a associated with variable amplitudes of corrugated surface
on the displacements u;,i = 1,2 and stresses (7, and 7,) of the
surface waves on the material with respect to the normal coordi-
nate x, such that the wavenumber b, magnetic field H,,, variable
amplitude parameterc, initial stress P, the gradient factor d asso-
ciated with the linearly varying impedance (linear inhomogeneous
impedance), and impedance Z;,i = 1,2 were steady on the solid
half-space. In addition, we witness from the profiles in Figure 5
that an increase in the parameter a associated with variable ampli-
tudes of corrugation gives a corresponding increase in the stresses
and displacements of the waves on the material. This increase
entails that at ¢ = 2.70, we have more amplitude and behavior
of the stresses and displacements of the wave on the material,
especially close to the origin of the normal coordinate, that is, at
x, = 0. It is also observed that this increase was evenly, sequen-
tially, and upwardly distributed. However, the minimum values
were attained toward the vanishing region and the end part of the
material along the normal coordinate at this instance.

Sequel to this, Figure 6 depicts the impacts of wavenumber
b associated with the corrugated surface on the displacements
u;, i = 1,2 and stresses (71, and 7y,) of the surface waves on the
material with respect to the normal coordinate x,. This impact
will only become feasible in considerations where the magnetic
field H, variable amplitudes parameter (¢, @), initial stress P, the
gradient factor d associated with the linearly varying impedance
(linear inhomogeneous impedance), and impedance Z;,i = 1,2
were unchanged on the fiber-reinforced half-space. In line with
this, observations were made from the profiles in Figure 6 such
that an increase in the wavenumber gives a decrease in the stresses
and displacements of the waves on the solid. This decrease entails
that at » = 0.8, we have downward trends on the amplitudes
and behavior of the stresses and displacements of the wave on
the material, thus yielding minimum values. We observed that the
maximum values of the distributions of the displacements and
stresses occur near the origin of the normal coordinate, that is, at
x5 = 0. Hence, it suffices that as the wave propagates on the mate-
rial from the origin and then across the material, decrease effects
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Figure 4 Figure 5
Effects of the gradient factor d associated with the linearly Effects of a(m) associated with variable amplitudes of
varying impedance (inhomogeneous impedance) on the corrugation on the displacements u,,i = 1,2 in meters and
displacements u;,i = 1,2 in meters and stresses (7, and 7,,) in stresses (7|, and 7,,) in (N/m?) with respect to x, in meters
(N/m?) with respect to X, in meters
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Figure 6
Effects of wavenumber b (m~") on the displacements u;,i = 1,2
in meters and stresses (z;, and 7,,) in (N/m?) with respect to x,
in meters

T T T T T T T

15x10°% :\ ber oo 06

1.x102} \ ' ]

~]

5 x10°°

15x107%

1.x10°%

u

5 x10°®

12108 T T Tt
1.x107%F
8.x10°} 08 ]

4103}

02 04 06 08

X2

1.0

are felt. Hence, more wavenumber on the material would trigger
reduced displacements and stresses of the wave on the linearly
corrugated and linear impedance surface.
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Figure 7 also demonstrates the influence of ¢ associated with
variable amplitude of corrugation on the displacements u;,i = 1,2
and stresses (7, and 7y;) of the surface waves on the mate-
rial with respect to the normal coordinate x,.This ensues if the
contributing quantities of wavenumber b, magnetic field H, vari-
able amplitude parameter (a), initial stress P, the gradient factor
d associated with the linearly varying impedance (linear inho-
mogeneous impedance), and impedance Z;,i = 1,2 were in
constant application on the fiber-reinforced half-space. Following
this, observations were made from the profiles in Figure 7 such
that an increase in the ¢ associated with variable amplitude of
corrugation produces a corresponding increase or upward trends
in the stresses and displacements of the waves on the solid. This
increase entails that at ¢ = 0.9, we have upward trends on the
amplitudes and behavior of the stresses and displacements of the
wave on the material, thus yielding maximum values. Hence, as
the wave propagates on the material from the origin and then
across the length of the material, decrease effects are witnessed
owing to the material compositions. More so, the minimum val-
ues of the displacements and stresses of the material were attained
when ¢ = 0.6.

Furthermore, Figure 8 stipulates the influence of the nor-
mal impedance Z, on the displacements u;,i = 1,2 and stresses
(112 and 1y,) of the surface waves on the material with respect
to the normal coordinate x,. These effects take place if the com-
bined quantities of wavenumber 5, magnetic field H,,, variable
amplitudes parameter (a, ¢), initial stress P, the gradient factor
d associated with the linearly varying impedance (linear inhomo-
geneous impedance), and impedance Z; were held fixed on the
fiber-reinforced medium. Consequently, we observe that the pro-
files in Figure 8, that is, the displacements and stresses of the waves
on the material, slightly decrease for an increase in the normal
impedance Z, on the material. However, uniform characteristics
are felt toward the extended part of the length of the material
where the minimum values lie. This region of uniform behavior
attests to the negligibility of the variations of the impedance Z,
on the distributions. While the maximum values of the distribu-
tions lie near the origin, that is, at x, = 0, we can deduce that
the physical implication of impedance is being felt by the wave
on the material such that a resistant-like phenomenon that drags
the motion of the wave from experiencing adequate change is
noticed.

However, Figure 9 demonstrates the impacts of the horizon-
tal impedance Zon the displacements u;,i = 1,2 and stresses
(112 and 79,) of the surface waves on the material with respect to
the normal coordinatex,. This occurrence would be feasible if the
wavenumber b, magnetic field H, variable amplitudes parameter
(a, ¢), initial stress P, the gradient factor d associated with the lin-
early varying impedance (linear inhomogeneous impedance), and
impedance Z, were applied constantly on the material. Following
this, we observe that the distributions in Figure 9, that is, the dis-
placements and stresses of the waves on the material, slightly show
uniform behavior for an increase in the horizontal impedance Z,
on the material. However, complete uniform behaviors are wit-
nessed toward the extended part of the length of the material
where the minimum values lie. This portion of uniform behav-
ior on the material attests to the negligibility of the variations of
the impedance Zon the distributions. That is, for x, > 0.5, uni-
form behaviors occur. The maximum values of the distributions
are attained near the origin, that is, at x, = 0. We can infer that
the physical consequences of the impedance are being felt by the
wave on the material, such that drags on the motion of the wave
may become evident.
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Figure 7
Effects of c(im) associated with variable amplitude of corrugation
on the displacements u;,i = 1,2 in meters and stresses (7}, and
7,,) in (N/m?) with respect to x, in meters
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Figure 9
Effects of impedance Z, on the displacements v,/ = 1,2 in meters
and stresses (7, and 7,,) in (N/m?) with respect to x, in meters
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6. Conclusion

This study developed and explored the fundamental 2D
model analysis for the impacts of initial stress, linearly vari-
able impedance, and linearly variable amplitudes of corrugated
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boundary conditions on the displacements and stresses of surface
waves on a homogeneous fiber-reinforced solid with the influ-
ences of a magnetic field. The equations of motion of the surface
wave were derived by the use of the fiber-reinforced stress-strain
relation along with the interacting magnetic field. Through the
formulations of suitable boundary conditions of linearly variable
impedance and linearly variable amplitudes of corrugations of
the medium, the analytical solutions of the displacements and
stresses of the wave were derived after utilizing the harmonic solu-
tion method. Combined impacts of the interacting quantities of
the model such as the magnetic field, linearly varying impedance,
linearly variable amplitudes of corrugation parameters, wavenum-
ber, and initial stress on the displacements and stresses of the
surface waves were ascertained through depiction of the analyti-
cal solutions in graphical forms with their corresponding analysis.
Following this, we observe that:

1) Increase in the initial stress, parameter a associated with vari-
able amplitudes of corrugated surface, and magnetic field
yields a corresponding increase in behavior on the displace-
ments and stresses of the surface wave on the fiber-reinforced
medium.

2) The gradient factor d associated with the linearly varying
impedance (linear inhomogeneous impedance) results to a
decrease in the behavior of the stresses and displacements of
the surface waves on the material when increased.

3) The displacements and stresses of the waves on the material
slightly decrease for an increase in the normal impedance Z,
on the material. However, uniform characteristics are also felt
toward the extended part of the length of the material, while an
increase in the horizontal impedance Z; slightly shows uniform
behavior on the distribution of the stresses and displacements.
We can deduce that the physical implications of the impedance
are being felt by the wave on the material, such that drags on
the motion of the wave may become evident.

4) The wavenumber stipulates a decrease in the stresses and dis-
placements of the waves on the solid when in an upward
trend.

Increase in the parameter ¢ associated with variable ampli-
tude of corrugation produces an upward trend in the stresses and
displacements of the waves.

In a nutshell, our results in this study show that specific
results in the literatures would be obtainable if we consider the
gradient factor dassociated with the linearly varying impedance
to be zero, thereby leading to a homogeneous impedance model.
Also, if we neglect the parameteraassociated with variable ampli-
tudes of corrugated surface, the result for Asano [7] for constant
amplitude of corrugated surface is achieved. On this note, the
study would prove to be useful and applicable to works that
encompass wave phenomena and material designs. Engineering
applications that involve destructive testing and actuator device
mechanisms are prominent areas of interest where this work
would prove useful.

Nomenclatures

d = Parameter associated with the linearly varying impedance

H, = Magnetic field

b = Wavenumber

a,c = Parameters associated with variable amplitude of
corrugation

7;; = Stress tensor

€;; = Strain tensor
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u; = Displacement vector

6;; = Kronecker delta function

A = Lame’s constant

(a,B,(ur, — m7)) = Fiber-reinforced parameters
o = Density

x; = Coordinates

Z1,Z, = Impedance parameters
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Appendix

qll = A13A15
q12 = (-b2i2A122 - KA13 — b2A132 — (b2 + K)Al5)
q13 = (b2 + K)(K + b2A13)
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