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inhomogeneous isotropic elastic half-space

Rajneesh Kakar®
Faculty of Engineering & Technology, GNA University, Phagwara-144405, India

(Received July 13, 2014, Revised November 5, 2014, Accepted November 15, 2014)

Abstract. The present paper is devoted to study SH-wave propagation in heterogeneous layer laying over
an inhomogeneous isotropic elastic half-space. The dispersion relation for propagation of said waves is
derived with Green’s function method and Fourier transform. As a special case when the upper layer and
lower half-space are homogeneous, our derived equation is in agreement with the general equation of Love
wave. Numerically, it is observed that the velocity of SH-wave increases with the increase of inhomogeneity
parameter.
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1. Introduction

The propagation of SH-waves in a hetrogeneous elastic medium can help us to understand
earth-quakes, as the earth is made up of different hetrogeneous layers crust, mantle and core. The
studies of nature of different layers of Earth inspired authors to work on the propagation of SH-
wave in a hetrogeneous elastic medium. The schematics of the problem is taken as heterogeneous
upper layer placed over inhomogeneous half-space, the formulation in upper layer and lower half-
space has taken with different nonhomogeneity parameters. The problem is solved for layers with
a unit impulse force in space and time followed by Green’s function technique. The unit impulse
force is represented by Dirac delta function, so an idealized point source or impulse of SH-wave
can be described by this function.

Extensive and laudable work on wave propagation in various medium by using Green’s
function technique has been carried out by many researchers. Watanabe and Payton (2002)
discussed SH- waves in a cylindrically monoclinic material with Green’s function. Chattopadhyay
et al. (2010, 2012) used Green’s function technique to study propagation of SH-waves and
heterogeneity on the SH-waves in a viscoelastic layer over a viscoelastic half-space under the
effect of point source. Selvamani and Ponnusamy (2013) discussed wave propagation in a
generalized thermo-elastic circular plate immersed in fluid. Gupta and Gupta (2013) formulated
wave motion in anisotropic initially stressed fiber reinforced thermoelastic medium. Kakar and
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Fig. 1 Geometry of the problem

Kakar (2012) discussed propagation of Love waves in non-homogeneous elastic media. Delfim
Soares Jr (2012) reviewed the iterative FEM-BEM coupling scheme for the investigation of wave
propagation models. Chen et al. (2012) studied the medium coupling effect on propagation of
guided waves in engineering structures and human bone phantoms. Kristel et al. (2013) analyzed
wave propagation in unbounded elastic domains using the spectral element method. Kakar and
Gupta (2014) investigated the existence of Love waves in an intermediate heterogeneous layer
placed in between homogeneous and inhomogeneous half-spaces using Green’s function
technique. Xu et al. (2014) studied wave propagation in a 3D fully nonlinear NWT based on MTF
coupled with DZ method for the downstream boundary.

In the present investigation, an attempt has been made to study the behaviour of SH-wave
propagating in a heterogeneous elastic layer placed over inhomogeneous elastic half-space due to a
point source. The heterogeneity is caused by consideration of exponential variation in rigidity and
density in the upper elastic layer. Green’s function technique is used to find the displacement in
the elastic layer. Standard frequency equation of SH-waves is obtained in the special cases in
closed form. The effects of inhomogeneity on the dimensionless phase velocity of SH-waves are
also shown through figures with MATLAB software.

2. Formulation of the problem

Let H be the thickness of the upper layer with exponential variation of rigidity and density
placed over inhomogeneous half-space. We consider x-axis along the direction of wave
propagation and z-axis vertically downwards. We choose the source of disturbance P at the line of
intersection of the interface and z-axis as shown (Fig. 1).

The variations of heterogeneous rigidity and density in the upper and lower layer are taken as

ty = pe™ O
PL= peglz
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and

i & (z-H)
=u'+ce
Hy = +¢ } @)

py=p'+ge

where ¢; and &, are inhomogeneous parameters of upper layer and lower half-space respectively,
and ¢ is a small positive real constant such that O(¢?)—0.

3. Boundary conditions

The displacement components and stress components are continuous at z=H, and at z=0 there is
no stress, therefore the geometry of the problem leads to the following conditions

o,

210 3a
e (3a)
Vv, =V, (3b)

- OV, ov.
et L=y 2 3c
He R (3¢)

4. Solution of the problem

The equation of motion for point source can be written as
Tt F = oG, (4)

where 7;; are the stress components, p is the density of the medium and F; are body forces.
For SH-wave propagation along the x-axis, we have

u=0, w=0, v=V(X,Z7,1) (5)

Assuming the source is time harmonic and taking the time dependence "' to be understood
throughout, such that the equation of motion for upper inhomogeneous isotropic medium is

0 ov, 0 ov, 82vl
—|,— |+—| u,— |- p,—5 =4no,(r,t 6
aiMmJ&@&jmaz (1) (6)
Here ‘r’ is the distance from the origin, where the force is applied to a point of coordinates,

‘o1(r,t)’ is the disturbances produced by the impulsive force at P and t is time.
As per our assumption V, (X, z,t) =V,(x, z)e'* and o,(r,t)=o(r)e", Eq. (6) reduces to

0 ov,) 0 oV, 2
—| oy — |+, — |+ vV, =4no(r 7
o (ﬂl 8X) pe (ul 82) PV, =4ro(r) (7
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The disturbances caused by the impulsive force ‘o(r)’ can be written in terms of Dirac-delta
function at the source point as

o(r)=6(x)o(z—H) (8)
Therefore, Eq. (7) reduces to
0 oy, 0 ov; B
ox (,Ul 8X] o (ﬂl Py j+pla) V, =476(x)6(z-H) ©)

Put Eqg. (1) in Eq. (9), then we get

2= 25 v
PO TP g L syt ) @
OX 0z Loz U H

Again substituting v, (x, z) =V, (X, z)e 2% in Eq. (10), we get

- A7 2 4,
82\21+8\£1+££w2 ]V _4_”e 2°5(x)8(z—H) (11)
OX 0z u 4 u

To solve Eq. (11), the following Fourier transforms are taken

V.(&,2) :% j V. (X, z)e*dx

y (12
V. (x,2)= jvr (&,2)e7*d&  (where, r =1,2,3)
In terms of Fourier transforms, Eq. (11) can be written as
(ijV 2V——e 25(2—H)
. “ (13)
d?v,
e —aV, =0,(2)
where,
a’ = 52 _ k12
_a, (14)
al(z)zge 2 6(z-H)
Y7,
2
and k; =('0a)2—gij, o =Kkc is the angular frequency, k the wave number and c is the phase
7]

velocity.
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The SH-waves are excited in the layer due to the presence of a point source at the interface of
the layer and the lower half-space. Therefore, the equation of motion for lower semi infinite half-
space by using Eq. (12) is

e v, =70, ) (15)
where,
gtk
S _&z-H) d2V2 & (z—H) de 2,.&,(z-H) &(z-H) £2 (16)
472'0'2(2)——7{e F'i'gze E'F(C() e —e é: )V2

and k? = ﬂ,wz, o = kc is the angular frequency, k the wave number and c is the phase velocity.

The displacement in lower half-space will determine from the Eq. (15), after assuming
homogeneous to lower half-space, isotropic having source density distribution o*(z).

Eqg. (13) and Eq. (15) are solved by Green’s Function technique under the prescribed boundary
conditions in Egs. (3a), (3b) and (3d). First of all we take the upper layer and it is solved with the
help of Green’s function G4(z/zo).

The Eq. (13) will satisfy G;(z/z,) as

d*G,(z/z,) ~
dz’
together with the homogeneous boundary conditions 17)

azGl(z/ZO) =06(z— Zo)

9CYL) o 4 -0, H
dz '

Here z, is arbitrary point in the upper medium. Multiplying Eq. (17) by G:(z/zo), Eq. (13) by
V,(&,2), subtracting and integrating over 0<z<H, we get

G,(H /Zo)[%} -G, (0/ Zo)[%jl = (%je_ %GI(H 12,) =Vi(2,) (18)
z=H z=0

We know, from the properties of Green’s function G;(H/z,)=G,(z/H) and replacing z, by z.
Thus we get the value of Vy(z) at any point z in the upper medium from Eq. (18) as

V,(z) :Gl(z/O)[%} ~G,(z/ H)[%} +(Eje’ %Gl(H /7) (19)
z=0 z=H

Similarly, if Gy(z/z,) are Green’s functions corresponding to lower homogeneous media, then
Eq. (15) will satisfy as
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TCl8) 6 o)) =502,

together with the homogeneous boundary conditions

dGZ(Z/ZO) :0 at z = H . dGZ(Z/ZO)
dz ' dz

(20)
—0 as z— —w

Multiplying Eq. (15) by G,(z/zo), Eq. (20) by V,(¢&,2), subtracting and integrating with respect to
Z, Z=H to z=o0, we get

G 1) 82| =470, 220V, (2) @)
z z=H H
Replacing z by z, and using symmetry of Green’s function, Eq. (21) become
r dv,
V,(2) = j 476, (2)G, (2 2,)dz, +G,(z/ H) o (22)
H z z=H

Using boundary condition (3b) (vi=v,) in Eqg. (19), we get
22" G,(H/H)- G(H/H){dv} +Gl(H/O)[%} =G (H/H){dv}
H dz z=H dz 7=0 dz 7=H (23)
+ [ 470,(2,)G,(H / 2,)dz,
H

&H %

Similarly, using boundary condition (3b) (#e 5
z

6v J in EQ. (23), we get
az

[%} - 1{[—3}' 2G2(H 10) +(3je‘ 2" AG,(H /H)— AT471'0'2(20)G2(H / zo)dzo} (24)
dz z=H K H H H

where,
K = AB—GZ(H /0), A=G,(0/0), B=G,(H /H)+£2e%"G,(H / H). (25)
y7;

Similarly, we have

W] s Al 2)e eI (2) % 26
[dz l—H_#'e K ( #J A (u]e GHTH)= 14”0'2(20)02(H/Zo)d2

Using Eq. (24) and Eq. (16) in Eg. (19) and using the property of delta function, we get

V,(2) = (Zje?H [B-G,(H/H)I[AG,(z/H)-G,(H /0)G,(z/0)]
LK

X (27)

+(EJ[G1(Z/ H)A-G,(H /0)G,(z/0)]

x [[e=t —ddzz\éz +52e52(Z‘H)%+(w2e“"2“‘H) —e TN, IG, (H 1 2,)dz,
0

Zo
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In the similar manner, using Eq. (24) and Eqg. (16) in Eq. (22) and using the property of delta
function, we get

&

262" G,(z/ H)[AG,(H / H)~G2(H /0)] N s(ue™)G,(z/H)A

Vz(z) =

K:/ wK (28)
&p(2— d (z- dV & (2— & (2—
j[e e e (0% e V16, (H F 2,)dzg
0
g J‘[ SZ(Z H) dd2V 2egz(Z—H) %_F(Q)Zeez(z—H) _egz(Z—H)§2 )VZ]GZ(H /ZO)dZO
0 ZO

Eqg. (28) is an integral equation and V,(z) can be found from this equation by using successive
approximations. The value of V,(z) obtained from Eq. (28), when substitute in Eq. (27) gives the
value of V,(z). We are interested to find the value of V(z), which will give the displacement in
upper layer, and neglecting the higher order of ¢, we take the first approximation as

ay
22 G,(z/H)[AG,(H/H)-G/(H/0)]
1K

Eq. (29) represents the displacement at any point in the lower half-space. Putting this value of
V,(z) in Eq. (27), we get

Vz(z) =

(29)

22" G, (H 1 H)[AG,(2/ H)~G,(H /0)G,@/0)] 2¢e* [AG,(z/ H)~G,(H /0)G,(@ O)][AG,(H | H) ~GZ(H /0)]
IUK lu/ZKZ (30)
.[[efz(z H) d’G (Z /H) ) dG,(z,/H)
2 dz,

V1(Z) =
+(@%e ¢ —e= Mg G, (2, / H)IG, (H / 2,)dz,

We note that Eg. (30) completely represents the elastic displacements. These elastic
displacements are due to a unit impulsive force in space and time. Also, the solution of Eg. (30) is
incomplete because G; and G, are not known. We adopt the following method to find the unknown
Green’s function, Stakgold (1979).

We have considered G,(z/z,) as a solution of Eq. (17).

A solution of Eq. (17) can also be found as

d?L
dz?

—a’L=0 (31)

The two independent solutions of Eq. (31) will vanish at Zz=—co and Z =co are L, (z) =e*
and L,(z)=e™™
Hence, the solution of Eq. (31) for an infinite medium is
L (2)L,(2)
M
L.(2)L,(2)
M

for z<z,
(32)
for z>1z,
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where, M =L, (2)L',(2) - L,(2)L',(2) =—2«.
So we can write the solution of Eq. (17) as

—alz-1|

e

- 33
2a (33)

Since G,(2/z,) is to satisfy the homogeneous condition

z/z z/z
M:O at z=0; M—w as z——w (34)
dz dz
Therefore, we assume that
—alz-1,|

G,(z/z))=- +Ce” + De ** (35)

The conditions as mentioned in Eq. (33), we have

1 —a|z-17 a g @(otH)  graltn) —a ge(H=2) 4 gma(H=%)
Gl(Z/ZO) =gl ‘ 0‘ +€ Z aH —aH +€ ’ aH —aH (36)
2a et _g " o

Therefore Eq. (36) takes the form as

1| e +e*

Gy(z/H) = —;{—ew gy } (37)
1 e—aH +eaH

G,(H/H) = —;{—ew o } (38)

Green’s function G,(z/z,) can be obtained in the similar manner as above by using the boundary
conditions Eqg. (3a) and Eq. (3b).

_ L s parz-am
G,(z/z,) = 25 [e +e } (39)
Therefore Eq. (39) takes the form as
e*/"zo*H‘
G,(H/z,)=- 7 (40)
1
GZ(H/H):_E (41)

Substitute the value of Egs. (36)-(41) in Eg. (30), simplifying, we get

V.(2) = —2e31H {[e/ﬁ +e’/’ZJ} o g{[eaH +e o ]} 2B —32k12 _282ﬂ2 (38)
' R +Q, R+Q 45 -,
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where,
R=(aue™ e~ ], Q=(up)[e" +e ] (39)
Neglecting the higher powers of ¢ then the Eq. (38) will become as
V(1) = _ge" [e+e ] (40)
o aH  goa F—e k=20,
(1@ e v ] 2 a2l

Taking the inverse Fourier transform of Eq. (40), the displacement in the upper layer may be
obtained as

&
2 [e“z +e’“ZJ

_ “ iex 41)
V(2)=-2] # e (
i » —ari [ 280" — g,k —2¢,5°
(R +Qy)+g[e +e “][ 4ﬂ§i82 2
Using Eq. (12) into Eq. (41), we get
© %(ZfH) az -az
V(2) = _ZJ' € [e +e ] e g (42)

4ﬂ2 —&

The dispersion equation of SH-wave can now be obtained by putting the denominator of Eq.
(42) equal to zero, after putting the values of P, and Q,, we have

(aye‘*” )[e““ _gH }_}_(#/ﬂ)[eaH P :|+g|:eaH yeoH ](Zﬂwz —Ezklz —282ﬂ2 J 0
(43)

,w(PO+QO)+g|:eaH +eaH:|(2ﬂa)2_52k12_282ﬂ2j

4,82 —&

R R | LT

4ﬁ2 —&

Rearranging Eqg. (43), we get

{(y'ﬂ)—g(zﬁwz — &k} —2¢&, J}

4p% —¢
tanh (aH ) = ef : (44)
oue™
Replacing a by ik, we get
, 2P0° — ek’ —2¢, 5
(ﬂﬁ)_g ﬂ i 1 Zﬂ
4p° -¢,
tan (kH ) = (45)

kluealH
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2 1
2 2 272
We make following substitutions in Eq. (44) o =ik C—z—g—lz— and g =k 1—C—2
c, 4k C,
where, ¢ = \F and ¢, = ﬁ: respectively.
p \!p
We have

: f ¢’
c2 g’ # 1_7
tanqkH |5 -—5-1¢=
4k 2
1€’ -1 2ue™" 1

Eq. (46) is the dispersion equation of SH-waves in inhomogeneous upper layer placed in
between two hetrogeneous half-spaces.

Case-1

In the absence of inhomogeneous parameters ¢; and &, of upper layer and lower half-space i.e.,
£,=0 and &,=0, Eq. (46) reduces to

2 2 2
Loc c c
= “Pe BN
tan<kH |- -1t= R ) x | — : (47)
Cl

Case-2

When ¢=0, ;=0 and &,=0, Eq. (46) reduces to

c? o 1_072
tan<kH [5-1p=——= (48)
C, C2
M1
Cl

Eq. (48) is the classical dispersion equation of SH-waves given by Love (1911) and Ewing et
al. (1957).
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Table 1 Material parameters

Layer Rigidity Density
I 1=6.34x10"N / m? p =3364Kg/m’
Il 4 =11.77x10"° N / m? p' =4148Kg/m°

5. Numerical analysis

To show the effect of inhomogeneity parameters | :% ,m=22 and n=_5_ on nature of wave
2p

2
motion we have plotted non-dimensional phase velocity C_z against dimensionless wave number
Cl
kH on the propagation of SH-wave in hetrogeneous upper layer by using MATLAB software. Figs.
2-8 are plotted for Eq. (46) by taking parameters in Table 1, Gubbins (1990).
2

Fig. 2 shows the variation of dimensionless phase velocity — v/s dimensionless wave number
Cl

kH for the different values of heterogeneity parameter %:0,1,0_3,0,5,0_7 and inhomogeneity

parameter %:0,1,0,3,0_5,0,7 at constant value of 2izo.z. It has been observed that phase
7]

velocity of SH-waves in upper layer increases with the increases of heterogeneity parameter %

2
and inhomogeneity parameter ®z in presence of zi The dimensionless phase velocity C_Z v/s
k H c

dimensionless wave number kH for the different values of heterogeneity parameter

%:0,1,0,3,0,5,0,7 and inhomogeneity parameter %:0_1,0,3,0.5,0.7is plotted in Fig. 3 at

different values of 2£:0.],0.2,0.3,0.4_ From this curve, it can be realized that phase velocity
7

increases with the increases of heterogeneity parameter % inhomogeneity parameters‘T(_2 and

2

2i:o,z. Fig. 4 represents the variation of dimensionless phase velocity pes v/s dimensionless
] 1

wave number kH for the different values of heterogeneity parameter %=0,1,0,3, 0.5,0.7 in the

absence of Zi and inhomogeneity parameter ‘T(_Z It is important to mention here, when we put Zi
u u

equal to zero, the SH-waves will only affected by the inhomogeneity parameter ‘. It is observed
k

in this curve that inhomogeneity parameters remarkably affect the SH-waves propagating in upper
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Fig. 2 Variation of dimensionless phase velocity z—z v/s dimensionless wave number kH for the

1

different values of heterogeneity parameter % and inhomogeneity parameter £z at constant value
k

of £-=0.2
2u
x107
10 -

wewen 20,1, m=0.1, n=0.1.

ol N e 1=0.3, m=0.3, n=0.2
-—e--1=0.5, m=0.5, n=0.3

| 1=0.7,

KH — »
2

Fig. 3 Variation of dimensionless phase velocity el v/s dimensionless wave number kH for the
1

different values of heterogeneity parameter % and inhomogeneity parameter ‘T(_Z at different value
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7;_( 10
===--1=0.1, m=0.0, n=0.0
BSE™NG e 1=0.1, m=0.0, n=0.0
==+=-1=0.1, m=0.0, n=0.0
o 1=0.1, m=0.0, n=0.0

2

Fig. 4 Variation of dimensionless phase velocity 2—2 v/s dimensionless wave number kH for the

1

different values of heterogeneity parameter % in the absence of inhomogeneity parameter ’T(_Z and

3

2p

=== ]=0.1,m=0.1,n=0.1
Sh s [2001,M=0.1,n=0.2
o --+--1=0.1,m=0.1,n=0.3
1=0.1, m=0.1,n=0.4

2

Fig. 5 Variation of dimensionless phase velocity 2—2 v/s dimensionless wave number kH for the

1

different values of Zi at constant values of heterogeneity parameter %:0,1 and inhomogeneity
y7i

parameter % ~0.1
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Fig. 6 Variation of dimensionless phase velocity pes v/s dimensionless wave number kH for the
1

different values of heterogeneity parameter 2. and inhomogeneity parameter ‘1_2 at constant value
k

of - —0and = =02
2u 2u

layer in the absence of parameter Zi From this curve, it can be realized that phase velocity
Y7

increases with the increases of parameter % in the absence of zi Fig. 5 represents the variation
Hu

2

. . L C . . )
of dimensionless phase velocity pel v/s dimensionless wave number kH for the different values of
1

Zi at constant values of heterogeneity parameter %: 0.1 and inhomogeneity parameter % =0.1.
Hu

Fig. 6 is plotted to show the concept of homogeneity and non-homogeneity at constant value of
S _pand £ —02.

2u 2u

6. Conclusions

In this problem we have taken two layers; hetrogeneous upper layer and inhomogeneous lower
with exponential variation in rigidity and density. We have employed Green’s function method to
find the frequency equation due to a point source. Displacement in the upper layer is derived in
closed form and the dispersion curves are drawn for various values of inhomogeneity parameters.
In a particular case, the dispersion equation coincides with the well-known classical equation of
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Love wave when the upper layer and lower half-space are homogeneous.

From above numerical analysis, it may be conclude that:
2

., C i . -
a. Phase velocity 7 (non-dimensional) of SH-waves decreases with increase of wave number
1

kH (non-dimensional).
b. The dimension less phase velocity of SH-wave shows remarkable change with heterogeneity

parameter % It has been observed that the phase velocity increases with increase of heterogeneity

parameters.
c. The dimension less phase velocity of SH-wave increases with increase of inhomogeneity

parameter gk_z

2
. C . . . . .
d. Phase velocity — (non-dimensional) of SH-waves also increases with the increase of
C

1

inhomogeneity parameter Zi
¥
e. However, the dimensionless phase velocity of SH-waves increases with the increase of

heterogeneity parameters % in upper layer keeping inhomogeneity parameter ¢z constant, in
k

absence of parameter zi in lower half-space.
U
f. Also, the dimensionless phase velocity of SH-waves increases with the increase of

parameters £z in inhomogeneity upper layer keeping heterogeneity parameter ‘L constant, in
k k

absence of parameter Zi in lower half-space.
7]
The above results may be used to study surface wave propagation during earthquakes and

artificial explosions.

Funding

This research has not received any specific grant from funding agency in the public,
commercial, or not-for-profit sectors.

References

Chattopadhyay, A., Gupta, S., Sharma, V.K. and Kumari, P. (2010), “Effect of point source and
heterogeneity on the propagation of SH-waves”, Int. J. Appl. Math. Mech., 6(9), 76-89.

Chattopadhyay, A., Gupta, S., Kumari, P. and Sharma, V.K. (2012), “Effect of point source and
heterogeneity on the propagation of SH-waves in a viscoelastic layer over a viscoelastic half-space”, Acta
Geophysica, 60(1), 119-139.

Chen, J., Su, Z. and Cheng, Li (2012), “The medium coupling effect on propagation of guided waves in
engineering structures and human bone phantoms”, Coupled Syst. Mech., 1(4), 297-309.



320 Rajneesh Kakar

Dirac, P. (1958), Principles of quantum mechanics (4th ed.), Oxford at the Clarendon Press, ISBN 978-0-19-
852011-5.

Ewing, W.M., Jardetzky, W.S. and Press, F. (1957), Elastic waves in layered media, Mcgraw-Hill, New
York.

Gubbins, D. (1990), Seismology and Plate Tectonics, Cambridge University Press, Cambridge.

Gupta, R.R. and Gupta, R.R. (2013), “Analysis of wave motion in an anisotropic initially stressed fiber
reinforced thermoelastic medium”, Earthg. Struct., 4(1), 1-10.

Jeffreys, H. (1970), The Earth, Cambridge University Press.

Jr Soares, D. (2102), “FEM-BEM iterative coupling procedures to analyze interacting wave propagation
models: fluid-fluid, solid-solid and fluid-solid analyses”, Coupled Syst. Mech., 1(1), 19-37.

Kakar, R. and Gupta, M. (2014), “Love waves in an intermediate heterogeneous layer lying in between
homogeneous and inhomogeneous isotropic elastic half-spaces”, Electro. J. Geotech. Eng., 19, 7165-
7185.

Kakar, R. and Kakar, S. (2012), “Propagation of Love waves in non-homogeneous elastic media”, J.
Academia Industrial Res., 1(6), 61-67.

Kristel, C., Fajardo, M. and Papageorgiou, A.S. (2013), “Wave propagation in unbounded elastic domains
using the spectral element method: formulation”, Earthg. Struct., 4(1), 383-411.

Love, A.E.H. (1911), Some Problems of Geo-Dynamics, London, UK, Cambridge University Press.

Selvamani, R. and Ponnusamy, P. (2013), “Wave propagation in a generalized thermo elastic circular plate
immersed in fluid”, Struct. Eng. Mech., 46(6), 827-842.

Stakgold, 1. (1979), Green’s Functions and Boundary Value Problems, John Wiley and Sons, New York.

Watanabe, K. and Payton, R.G. (2002), “Green’s function for SH-waves in a cylindrically monoclinic
material”, J. Mech. Phys. Solid., 50(11), 2425-2439.

Xu, G., Hamouda, A.M.S. and Khoo, B.C. (2014), “Wave propagation in a 3D fully nonlinear NWT based
on MTF coupled with DZ method for the downstream boundary”, Ocean Syst. Eng., 4(2), 083-097.

CC


http://en.wikipedia.org/wiki/International_Standard_Book_Number

	2-1.pdf
	2-2(fig 수정)



