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Abstract: In this paper, we investigated the propagation of Rayleigives in a homogeneous, pre-stressed elastic layer of finite
thickness over a homogeneous, pre-stressed elastic Ipal€e subjected to the rotation. The dispersion equatiobées derived for a
layer over a half-space, when both media are considereceasti@ssed and the effect of initial rotation shown in eathivestigators,

is in general not applicable to the case of pre-stressedam@&He results indicate that the effect of the rotation onRrepagation of
Rayleigh waves in Fiber- reinforced isotropic solid thermigcoelastic media are very pronounced.
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1 Introduction have been well recognized in the study of earthquake,
seismology, geophysics and geodynamics. A good
amount of literature for surface waves is available (in

During earthquakes, the Rayleigh waves play a mor%efs_ B.4,56] Acharya and Singupta7], Pal and

drastic role than other seismic waves in damages t enguptag] and Sengupta and NatB][and his research
human beings and buildings on the surface of the Eartht:ollagboprators have sgt]ugied surface waves. These waves
Therefore, it is of great importance to the seismologist to X

study the effect of initial stress on the propagation of usually have greater amplitudes as compared with body
Rayleigh waves. After the pioneering work of Rayleigh, waves and travel more slowly than body waves. There are
many investigators have solved the Rayleigh problem fornany types of surface waves but we only dlscuss_,ed
a half?space and one or more superficial layer situatet?tc.me!ey' Love and Rayleigh waves. Earthquake radiate
over a half space inhomogeneous and non—homogeneo&?smIC energy as both body and surface waves. These are
media. Schoenberg and Censbf\vere the first to study aiso gsed for detecting cracks and other defects in
the propagation of plane harmonic waves in a rotatingmate”als'
elastic medium where it is shown that the elastic medium  The idea of continuous self-reinforcement at every
becomes dispersive and anisotropic due to rotation. Latepoint of an elastic solid was introduced by Belfield et al.
on, many researchers introduced rotation in different{10. The superiority of fibre-reinforced composite
theories of thermoelasticity. Agarwal 2][ studied  materials over other structural materials attracted many
thermo-elastic plane wave propagation in an infinite authors to study different types of problems in this field.
non-rotating medium. Fibre-reinforced composite structures are used due to
The normal mode analysis was used to obtain thetheir low weight and high strength. Two important
exact expression for the temperature distribution, thecomponents, namely concrete and steel of a reinforced
thermal stresses and the displacement components. Theedium are bound together as a single unit so that there
purpose of the present work is to show the thermal anccan be no relative displacement between them i.e. they act
rotational effects on the surface waves. Surface wavesogether as a single anisotropic unit. The artificial
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structures on the surface of the earth are excited during an

earthquake, which give rise to violent vibrations in somewhere gj; are the components of stress; are the

cases (Refs.1[1] and [12]). Engineers and architects are components of strain; Dy,D,1r are viscoelastic

in search of such reinforced elastic materials for theparameters, Dq,Dg,(Dy. — Dyr) are reinforcement

structures that resist the oscillatory vibration. The viscoelastic parametersy = (3D, + 2Dy)a;, Q1 is

propagation of waves depends upon the ground vibrationhermal expansion coefficien;; is the Kronecker delta,

and the physical properties of the material structure.T is the temperature above reference temperafgirand

Surface wave propagation in fiber reinforced media wasa = (aj,ap,a3),a8% + a5 + a§ = 1. We choose the

discussed by various authorsl§14]). Abd-Alla et al.  fiber-direction as = (1,0,0).

[15] investigated the transient coupled thermoelasticity of  The strains can be expressed in terms of the

an annular fin The effects. of gravity field on surface displacement; as

waves in fiber-reinforced thermoelastic media was also

discussed by Abd-Alla et all1p]. The extensive literature

on the topic is now available and we can only mention a

few recent interesting investigations in (Ref$7,[18,19, . . . . . .

20]) Recently, Abd-Alla et al. 21] investigated the The elasth medium s rotatmg.umforml'y with an

magneto-thermoelastic ~ problem in rotating angular velocity @ = Q, where n is a unit vector

non-homogeneous orthotropic hollow cylinder under the"€Présenting the direction of the axis of rotation . .

hyperbolic heat conduction model. The extensive, |he displacement equation of motion in the rotating

literature on the topic is now available and we can onlyffame has two additional term centripetal acceleration,

mention a few recent interesting investigations 2(p3, <2 X (2 x 1) is the centripetal acceleration due to time

24,25 26]) The temperature-rate dependent theory ofvarying motion_only and 2x U is the Coriolis

thermoelasticity, which takes into account two relaxationacceleration, an@ = (0,0,Q).

times, was developed by Green and Linds2}[ ' For plane strain deformation in thg —y plane,
The aim of this paper is to investigate the propagationdisplacementi = (u,v,0), d/9z= 0. Eqg. (1) then yields

of thermoelastic Rayleigh waves in a rotating

& :%(Ui.j-FUj.i) 2

fibre-reinforced elastic anisotropic media. The Rayleigh Ox = Arttix+As2ly — V(T — To), ®)
wave speed is derived to study the effect of rotation and
thermal on surface waves. The wave velocity equations Gy = Avaly + Aoay — (T — To), 4)

have been obtained for Rayleigh waves, and are in good
agreement with the corresponding classical result in the
absence of temperature and rotation as well as 0z = AUy + Dovy — y(T — To), %)
homogeneity of the material medium. The results
obtained in this investigation are more general in the
sense that some earlier published results are obtained
from our result as special cases. It is also observed thawhere,
the corresponding classical results follow from this
analysis, in elastic media, by neglecting reinforced
parameters, rotational and thermal effects. NumericaPu = Ao+ 200+ 4o — 2kro+ Po+ (A1 + 201 + 4His — 241+ B1) &
results are given and illustrated graphically.

nyzDuL(Ux‘FVy),O'xz:O'yz:Oa (6)

A1z = Ao+ o+ (A1 +a1) %, Azz = Ao+ 2uro+ (A1 +
2ur1) %,

D, =/\o+)\1%, Dq = Go—l—al%,

Dp = Bo+Brg. Dut = Hro+ Hr1g, DuL = o+
M1 Dy = Ho+
Let us consider the problem of a thermo elastic Y= 3Ao+2Ho+ (3A1+2u1) §;
half-spacéx > 0). The surface of the half space is = WhereAo, Lo are elastic constant anth,u; are the
subjected to a thermal shock which is a functioryaind ~ Parameters associated with 1th order viscoelasticity.
t. Thus, all quantities are independentzoénd the third (i) The equation of motion in the context of the Green-

component of displacement vector vanishes. When alNaghditheory is
body forces are neglected the governing equations are:

2 Formulation of the problem and basic
equations

() The constitutive equations for a fiber-reinforced PlUL +[Q x (Q x T}j +(2Qx U)j] = gij.j,i,] =1,2.3
linearly thermoplastic isotropic medium with respect to o ()
the reinforcement direction seg] [ (iii) The heat conduction in the absence of heat sources

under the G-N Il theory is
0ij = Djexkdij +2Dur & + Do (akamemdij + & aje) ) . B
+2(DyL — Dyt ) (Biaud +ajaek) + Dpaam@adia — V(T ~To)dj, (1) KTji+ K" Tji=pCe T +yTo U j, 8)
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where p is the mass densitge is the specific heat at
constant strainK* and K are respectively the material Dyt 0xy = Dyt (Ux+ W), O = Oy, = 0, (18)
constant characteristic of the theory and thermal

conductivity. WhenK® — 0 "equation (8)," reduces heat is the characteristic parameter of the G-N theory of type

conduction equation of the G-N Il theory. Eq.s (7), (8) . - i
and (1) constitute the complete system of generalize LSQ?I:S the characteristic parameter of the G-N theory of

thermoelasticity under the G-N Il theory.

Using the summation convention, from Equations (3)
- (6) we note that the third equation of motion in Eq. (7) )
identically satisfied and the first two equations become ~ 3 Solution of the problem

whereg; is usually the thermoelastic coupling factes,

~Q%-20Q

0 { dv} d2u % °u a1 The normal mode analysis gives exact solutions without
o2 ot

A110x2+820x0y B1oy2 a2 Yax’ any assumed restrictions on temperature, displacement
(9  and stress distributions. It is applied to a wide range of
) ) ) problems in different branches; se#9[20,21,22,23] It
9% 82u v aT - ¥ -
A22—2+Bz—+Bl S-yo. can be applied to boundary-layer problems, which are
dy oxay T ox % described by the linearized Navier - Stokes equations in
(10) electro hydrodynamics, se®425]. The normal mode

J°v 2 Jdu
p{az Q +Zth

where, A L .
analysis is, in fact, to look for the solution in the Fourier
B = Dy = o+ a2 By = Arp Dy = o 0lo 4 o (Au btz 4 pi) 2 transformed domain. Assume that all the field quantities
1= L = HLo L1 57,52 = A12 L =70 0 LO 1 1 L1) 57> . e .
! ot’ . ot are sufficiently smooth on the real line such that normal

mode analysis of these functions exists.

For convenience, the following non-dimensional variables ; X . .
9 The solution of the considered physical variable can

are used: be decomposed in terms of normal modes as the following
X =cnxy =cinyd =cinyuV =cput’ =cint,  form:
[u,v, 8, 0ij] (x.y,t) = [u"(x),v*(X), 8" (x), G5 (X)] eXp“(aJt+l(by))
6 =y(T —To)/pC3, 0, = Gj/Dyj, Q' = Q/2n, (11 19
i’ 0)/PCL, G} = Gij/Duj; /en, (1) wherebw is a complex time constarit= v/—1, b is the
where, wave number in thg— direction,u*(x),v*(x), 8*(x) and
) o oy (x) are the amplitudes of the field quantities.
n =pCg/k,c1=K/p, 1=123, By using Eq.(19) , then Eqgs.(12)-(18) take the from
In terms of non-dimensional quantities defined in [h:,D? — AgJu* + [ibhiD + 2wQ)v* = DO, (20)

equation (11), the above governing equations reduce to
dropping the prime for convenience
[~2Qw+ ibh;DJu* + [h;D? — AgJv* =ibB*,  (21)

J02u ov J2u 0%v J%u 06
Q%u+2Q h h —
o @t dt) o2 T2 oyay T May ~ ax ADU A 2 .
(12) gDU* +ibAgv* = (eD” — A4) 6%, (22)
%v du 0%v d%u d%v 906 $ ok A% WL iRA 2o
02-20-")=h +h hj—s — — Dy1 0% = A1 DU +ibATV* — pcif”, (23)
WV TRAELY -RELY v VRRLY Rl v Hr
13
(13) Djir Oy = Af,DU" + ibAV* — pci”, (24)
£0ji+ & 0ji — 6= &1 &, (14)
where, D7 05, = Aj,Du” +ibDjv* — pci6*, (25)
(h11,h22, he,ha) = (A11, Aoz, B1,B2) /pct, Djir Oy = Dy (ibu* + DV'), 0, = 0y, =0, (26)
&1=y°To/p?Cect, &2 = K/p*Ceci, 3 = nK*/pC, where,
2 (hilv hEZa Ia h;) = ( 117 523 ia BE)/pCi
Dyt Oxx = Ar1Ux + A1ovy — pCi0, (15)
Al1 = Ao+ 200 + 4o — 2Uto + Bo + (A1 + 201 +
Ay — 2pr1+ Br)w
_ >
Dyt Oy = Asalh + A2y — pCi6, (16) AL, =2Ao+ 0o+ (A1+ 01)w, D = Hro+ U@,
) A, = (Ao + 2uto) + (A + 2ur)w,B] =
Dyt 0z = Ar2Ux + Dy vy — pci0, (A7) Mo+ Haw,Dy = Hio+ puw,
(@© 2017 NSP
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B5 = ao+ Ao+ pro+ (a1 + A1+ Hi1)w,

AL = @ +hib? — Q% Ay = P + i b? — Q% Ag =
w?er,

Ay=eb?+ P e =g +ewD=3,

Eliminating 8*(x) andv*(x) between equations (20)-
(22) we obtain the ordinary differential equation satisfied
with u*(t)

[D® — AD* 4+ BD? — CJu*(x) =

0, (27)

where,
A= ———[hiAse + hihi As + Aghi e+ hiAs — bPh3%e],
hihi.e
(28)
B= o [MAAL+ N1 AAL + AcAge + AoAg
1116

+b2Aghi; — bh52As — 2hsAsb? — 4Q2we], (29)

C=———[AAAL+ AtAst? + 4Q%w?As],  (30)
hihs, e
In the similar manner, we can show that satisfy the
equation
[D® — AD* 4 BD? — CJv*(x) = 0. (31)
Eq.(27) can be factored as
(D*—Kk})(D* = K3) (D>~ Kgu*(x) = 0. (32)

Eq.( 31) represent the initial integral equation of six
orders, has six roots, i.e.,

[K®—AK*+BK>—~C]=0 (33)

We have six roots three positive and three negative the

positive roots have given an unbounded solutionufdt)
since x > 0 hence we should suppress the positive

whereM, are parameters(n = 1,2,3) are the roots of

the characteristic equation (32) and

b, k2 — ibA; — ibhik2 + 2Q ok,

0= TRG T Agky — 2ok, —ZibQ " O

 Ap—hj k3 + ibhsk,Hin — 20QH1,

kn )

Using equations (33),(35),(36) into equations
(23)-(26) we get the following relations:

H2n (39)

w

o5, = Y HaMpe kX (40)
n=1
3
O';,ky = Z HAnMn37KnX (41)
n=1
3
0n=3 HsnMpe kX (42)
n=1
3
Oy = 5 HenMne (43)
n=1
where,
Hay — (—knAj; + ibA’{*zHln — pC2H2,) 4
uT
Ha — (—knAj+ ibA;len — pC2H2,)  @s)
Dir
He. — (—knA§2+ibD%H1n—pCfH2n)’ (46)
Dir
(ib—knH1n)Dy,
m=—p (47)
uT

exponentials hence the solution of equation (27) has th¢t The Boundary conditions of the problem

form:
3

() = 3 Mne
n=1

(34)

And we can gev*(x) from the relation betweeu*(x)
andv*(x) :

h; D2 — A + Zgii)wathz]u*(x) - [:‘%D2 - %Dfibh§D72wQ]v*(x), (35)
One get:
3
Vi(X) = 3 HigMqe (36)
n=1
And similarly for equation (20)
3
6°(x) = 5 HanMne < (37)
n=1

The parameter has to be chosen such that the boundary
conditions on the surface at= 0 take the form:

1- A thermal boundary conditions that the surface of
the half-space is

6(0,y,t) = f(0,y,t)=0 (48)

2- A mechanical boundary condition that the surface
of the half-space is traction free
UXX(anat) = UXy(anat) = 0 (49)

Using the expressions of the variables considered into
the above boundary conditions (4.4.1) and (4.4.2), we get

3
> HanMyp =0 (50)
n=1
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K = 100wm 1K1  K* = 5x 100 wm 1K1

3
To = 20K,
nle%'V'n =0 1) @=-01, E—=045 Q=05x105, b—12.
3
> HenMn =0 (52) The numerical technique, outlined above, used study
n=1

propagation of Rayleigh waves in Fiber reinforced

To determine the constant$l,,n = 1,23, it's isotropic solid thermo-viscoelastic media under the effec
necessary that the determinant of the constant coefficientsf rotation and specific hedg, viscoelastic parameters
must be vanish, i.e., and 'reinforced viscoelastic parameters .

Ho1 Hop Hag i) G-N Theory llI
Hz1 Hsz Has (53) . . )
Hex Heo Hea From Fig.(1a) and Fig. (2a) describe the effect of

rotation Q, we find that the velocity of Rayleigh waves,
fixed, then it decreases with increasing of the rotation,

where, i 2 .
while it increases with increasing of wave number
Ho — ibh; k2 —ibA; —ibh3kZ-+2Q wky From Fig.(1b) and Fig. (2b) that clarify the effect of
In = Thil@+Agkn—bZhisk,—2iwbQ specific heatCg, we find that the velocity of Rayleigh
Hap — ALk +ibiokaHin—200H | 5 o waves decreases with increasing of the specific heat,
. 'bA*kﬂ pCPHg) ’ T ’} (54)  while itincreases with increasing of wave number
Hs = oAy S n P, Fig.(1c) and Fig. (2c) that clarify the effect of
(ib—KaH1n)D7, viscoelastic parameters and reinforced viscoelastic
Hen = Dyt parameters we find that the velocity of Rayleigh waves

increasing with increasing of the viscoelastic parameters

Equation (53) determines the Rayleigh surface wavesand reinforced viscoelastic parameters, while it deciease
under the influences of the viscosity and rotation in Fiber-with increasing of wave numbéx
reinforced isotropic solid thermo-viscoelastic media, )
from determining this equation has complex roots. Thell) G-N theory Il i.e K* — 0
real part (Re) gives the velocity of Rayleigh waves and
the imaginary part (Im) gives the attenuation coefficient.
We discuss this case and special cases in Green-Nagh

From Fig.(1a) and Fig. (2a) describe the effect of
chtation Q, we find that the velocity of Rayleigh waves

Theory Il and 111,

5 Special case

If the rotation is neglected:

6 Numerical results and discussion

Increases with increasing of the rotation value, while it
decreases with increasing of wave numiner

From Fig.(1b) and Fig. (2b) show that the effect of
specific heatCg, we find that the velocity of Rayleigh
waves increases with increasing of the specific heat, while
it decreases with increasing of wave number

Fig.(1c) and Fig. (2c) show that the effect of
viscoelastic parameters and reinforced viscoelastic
parameters we find that the velocity of Rayleigh waves
decreases with increasing of the viscoelastic parameters
and reinforced viscoelastic parameters, while it decease

To illustrate the theoretical results obtained in the with increasing of wave numbéx

preceding section, to compare both types Il and Il of the

G-N theory of thermoelasticity and to study the effect of Special cases

the time on wave propagation

in a conducting (i) If the rotation Q is neglected in the case of G-N

fiber-reinforced and in the absence and presence ofheory lll:

reinforcement. We now present some numerical results

for the physical constants, as discussedin [

p = 780Kg/m3, A =5.65x 10°0Nm=2, A; =
2.25x% 10%,
Ho = 2345 x 10 p; = 0563 x 101

Uto = 2.46x 101Nm~2,

Hio = 5.66x 10°Nm2,

U1 =5.66x 101Nm 2,
22090 x 10,

ao = —1.28 x 10°Nm2,
Ce = 50x 10°J.kg~L.K~1,

Ht1= 2.46 x 1010Nm*2,
Bp=22090x10°, B;=

a; = —1.28 x 10%,

From Fig. (3) and Fig. (4) show that the effect of
specific heat C¢ and viscoelastic parameters and
reinforcement viscoelastic parameters , we find that the
velocity of Rayleigh waves increases with increasing of
the specific heat and viscoelastic parameters and
reinforcement viscoelastic parameter value in (G-N

Theory IlI).
(i) If the rotation Q is neglected in the case of G-N
Theory I, i.e:

From Fig. (3) and Fig. (4) that clarify the effect of
specific heat and viscoelastic parameters and reinforced

(@© 2017 NSP
Natural Sciences Publishing Cor.


www.naturalspublishing.com/Journals.asp

1532 N SS F. Bayones, N. Ferrara: Propagation of Rayleigh waves iarHiginforced...
) G4 Theory 111 i) G-I9 TheoryIl,ie K —0O
a-
o az- 'd;;—;:r:j;a__-—i— T2 14 = :mm B ——
ﬁ‘ “2rEm -/a T— _E , 1 =034105 cennnns
- PR - E —_— = n-0521075
= y /- E f““ 3 O=07*W0s _ _ __
% B 0=01*10"5 ____ E m \ N
B J =34 10" ssnnnns Rt o .\
R I - e | Wi
SR ‘ P bl S N e T, aa T
1- L] a2 [=1% o o L] =
b- e
nRReS— =, |, o] 1
'_-E‘ cEEEs _'q:-fm_’ = e ﬁ [ L: & —Se100s
= e - = 2 scomn "‘ =20 *10S .
E 7 £ o—svwrs E et B N o =505
E J. L :g ooEe \\‘ - C =I00°10"5 .
|— C =SS amaed | - - g
o e J C —100*10ns s Srcemeam S o
& o oz a4 s as 1 "7 14
£= (B
= | = VOO b = ga =5 %1070
Booma sa —aa —5+107M10 £ i ) e b e
E P S U s U EEEEEE [ M o—ps =670
§nm —tt =BT1OMO § DD P 1 1
ETL =Tl I0 o e o, 4oee
3y £
é CUOCESe00-
‘_'. az as as an ' "=z o o el 5 s 1 =

G-I TheoryIl.ie &K —i(

eﬁmﬁsqu‘

Fig. 2: Effects of Q,Cg andp, uti,i = 0,1 on the Rayleigh wave velocity with respect wave number.
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Fig. 3: Effects ofCe an ., uri,i = 0,1 on the Rayleigh wave velocity with respect wave number.
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Fig. 4: Effects ofCg anpyj, uti,i = 0,1 on the Rayleigh wave velocity with respect wave number.
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viscoelastic parameters , we find that the velocity of[9] P. R. Sengupta and S. Nath. Surface waves in fibre-reiatbr

Rayleigh waves increases with increasing of the specific anisotropic elastic media. Sdhan 26: pp. 363-370 (2001).

heat and viscoelastic parameters and reinforced10] A. J. Belfield, T. G. Rogers, A. J. M. Spencer, Stress in

viscoelastic parameter value, while it increases with elastic plates reinforced by fibre lying in concentric al

increasing of wave number in (G-N Theory Il, i.e  J.Mech. Phys. Solids. 31, pp. 25-54 (1983).

K* — 0). [11] D. P. Acharya, I. Roy. Magneto-elastic Surface waves in
electrically conducting fibre-reinforced anisotropic sia
media. Bulletin. Academia Sinica. 4: pp. 333-352 (2009).

[12] S. K. Samaland Ranjan Chattaraj, Surface wave projmmgat
in fiber-reinforced anisotropic elastic layer between iliqu
saturated porous half space and Uniform Liquid Layer,

Due to the complicated nature of the governing equations_/ctaGeophysica 59(3): pp. 470-482 (2011). o

of the thermoelasticity fiber-reinforced theory, the work [13] B- Singh, Wave propagation in thermally conductingan -
done in this field is unfortunately limited in number. The bre-;elgfé);%edzgggposne materials, Arch Appl. Mech. 75b:
method used in this study provides a quite successful i 14]'02' Ka;<ar (S K:a)kar and K. Kaur. Ravieiah. Love and
dealing with such problems. This method gives exact St(;neley V\}avés in fibre-reinfdrced éniso}t/rop?ic’ viscsiita
solutions in the fibre-reinforced anisotropic general ’ ’

) lasti di ithout d icti media of higher order under gravity. International Jounfal
viscoelastic media without any assumed restrictions on Physical and Mathematical Sciences 4(1): pp.53-61 (2013).

the actual physical quantities that appear in the governin$15] AM. Abd-Alla . S.R. Mahmoud. S.M. Abo-Dahab. On

equations of the prOb_Iem considered. _Important problem of transient coupled thermoelasticity of an annula
phenomena are observed in all these computations: fin, Meccanica, 47:1295-1306 (2012).

It was found that the solutions obtained in the context[16] A- Chattopadhyay, R. L. K Venkateswarlu, S. Saha,
of the thermoelasticity fiber-reinforced theory, Reflection of quasi-P and quasi-SV waves at the free and rigid

however, exhibit the behaviour of speeds of Rayleigh boundaries of a fibre-reinforced medium. S. dhan 27: pp. 613-
' 630 (2002).

wave. ) . .

_The results presented in this paper should prove usefdft /] B- Singh. S. J. Singh, Reflection of plane Waves,f‘t the,jre
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