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Abstract:
The problem of generation of SH waves due to stress malayered 1sotropic
half-space is solved and the displacement at a point on the free surface 15 and g

" JV
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1. Introduction

The mechanical behaviour of poroelastic bodies attracted the attention of many scientists
and engineers because of its application in soil logy and bi hanics. In
the following, the basic equations of Biot's' model of a nondissipative poroelastic medinm
are used.

The study of generation of waves over a half-space dates back to early part of this century
and mtially the problems studied were of surface normal load sources®. Later SH wave
generation due to shear stresses was studied by Sezawa’, Pekeries*, Nag®® and others. Inthe
following note, we discuss the problem of generation of SH type waves due to a shear stress
discontimuity at the iterface of a layered half-space of poroelastic materials. This type of
shearing stress discontinuity may occur between two layers of the earth having some liquid
locked in between them or while cracks propagate during earthquakes.

Following Garvin’ and Nag®, the displacement is evaluated at a pornt of the free surface
and presented graphically. Two types of shearing stresses are discussed. It is observed that till
4 new pulse arrives the displ t goes on i g and then suddenly falls. Till the
discontinuity arrives at the pownt under consideration from its starting pont, the displace-
ment keeps up the above trend. Making the material properties same for both layer and half-
space, we obtain the displacement at the free surface corresponding to a sudden introduction
of sheaning stress discontinuity and expanding or moving uniformly after creation, inside a
semi-mnfinite 1sotropic poroelastic medium,
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2. Formulation and solution of the problem

Consider a homogeneous 1sotropic poroelastic layer of thickness A overlying a homogene-
ous isotropic poroelastic half-space. Let O be a rectangular Cartesian coordinate system
such that the xoy plane coincides with the horzontal interface and z-axis s taken 1nto the
half-space The discontinuity 1s to occur suddenly at the mterface at the time ¢ = 0 and maves
with a constant velocity U (less than the shear wave velocity of the layer) 1 the x-direction

Because of the SH motion, v, Vare the only non-zero displacements of the solid medium
and of the hquid medium respectively. The govermng differential equations for the displace-
ments as given by Biot' simplify m the present case to

az BZ 62
: v)=a‘r:‘“(pnv+p|z V)0=a—,5‘(pxzv+pzz V) (21)

3z
in the absence of dissipation.

Denoting the Laplace transform of f{2) by 7*(s) defined by
Jisy = { & f(t) dt (22)

so that f{z) = L™ #* (s), s 18 real

and agam defining complex Fourier transform
SHE ) = e st ) dx 3

On taking Laplace transform with respect to time ¢, and Fourier transform with respect 1o
the variable x, denoting the transformed variable by v, and on using(2.2)-(2 3) on equation
(2.1), V™ is given by

vib= 4, cosh {rz} + A, sinh(wz) for the layer 24
and

vi= Bi¢"" for the half-space (25)
where

d=EHSIE), = (F R 28

- Npu _ N ph _ _ pu

= s B = 14
(P P22 -phy) (i1 pi2-pi} ) o
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pugn =ph > 0, pupp—ph >0, g > g @n

where N, pu1, pu2, praand N', piu, p3s, piaare the shear modutus and dynamic mass densities of
the layer and half-space, s and { are Laplace and Fourier transform parameters, respectively.

The boundary conditions are

] w=wmatz=0 2.8)
{ii} 9 = 0 at z = -y 2.9
(iit) (o)t = (Oy:)2 = L{xt) H(t) atz=0 210

where H(r) is the unit step funtion, L{x,¢)1s defined in each case separately and the suffix ‘I’
refers to the layer while 2’ refers to the half-space.

From equations (2.8)-(2.9) and (2.4)~2.5) we get,

Ay = A (2.1

Az cos (v M) + A sinh (v /) {2-12)
Two different forms of L(x,) are considered below:

Case 1
Let

P asxs<b+Ur
L{xt) ={ @213

4 elsewhere

where P, @ and b are constants.
From the boundary condition (iii) one gets with the help of (2.13}

P ewfc__e-ufb . e«v(b ]
ANv BNy = | E T e 2.14
Nt BN n 2srr[ i M @19

Solving equations (2.11), (2.12) and (2.14), A1, Az, By are evaluated and on using them, the
displacement at free surface is
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P
X
2ms[ N wacosh (vihn) +rvsmh(vih)]

[ M g 4 - P ]
if itt+s/U

v e, -his) =

_ P (I_Ke~2u.h.)_l [ e + ot
s (Nni + N w) it E+sfU
(2.15)
where
Nu-Nu
K=|———}: (K<1 21
(Nvl-i—N'uz) ( ) @i
Taking the inverse Fourier transformation, we obtain
v x-ms) = K+ 15+ 0% @1
where
" P = e-u\h|+(x| a . N
r , by, §) = —— R —— b v Iy .
T (xi, -k, 5) ws[w EVn L N [1+ Ke™™ + Kle™™ + . ] df
" P - eﬂllh*l‘fh
I , ~hy, §)=-—— PR — o Ry 2 4u
t(x, b, ) ”L TR ey LR Kt 4] d
. P o bt iy
B b= — 5 %
75~ (Nvy + N'w) (if +s/u)
[1+Ee™* + Kb + ] d¢ (2.18)

where xi = x~u, x, = x~b.

Following Garvin’ and Nag® in using the Cagniard's method, the displacement v; at the
free surface is

2PB;
vi(x,-, 1) = _an JE LV (T + T+ o) @19
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where

i
Lha (- s) = [ U-N) Fia [ons ()] dA, 2.20)
Folaa (D] = m [0 +el)?+u(d+dd)?] X

N . (A +nH)"

an K™ T;]H[r«—’—ﬁ:———'——] @21
. B i (x} + nt K

wa (1) = = {1X11+ﬂh1[tz— _‘_73?__‘.. [ } 2.22)

u= B/, w=pH/U u=NIN

B {x2 -h, 1), Fan [ a2 (1) ] are obtamed from I, Fi, [ oy ]by replacing x; by x»,
L' o (o -k ) = [ (17 8) Fon [aaa (V)] dA 2.23)

Finlon ()] = Re {{(} + a3)? + 13 (4 + 20)* T' X

(n+iag,) K7 -=2% d"z" } Ht-(3+ i i)" ) 8] (2.24)

and Re and Jm stand for the real and the imaginary parts of the expressions before which
they come.

Case 2
Let

L{xt) = PhS(x~Ut) atz =0 (2.25)

where P 15 a constant and §{x - Ur) is Dirac delta function of argument (x ~ Ur) In the
above, the stress discontinuity is created at x = 0 and is travelling with umform velocity U
along the x-axis.

Proceeding as in the above case, the non-vanishing displacement in this case is

Vi(x, by, 1) = 2Phy oo N ‘]2;5 ;{Fn[an (A)1dx (2.26)
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where

-t
Fylan (1] = Ref [ A+ ey +u(d+ed)?| (e+ra)” X K™ % }

H[ 1= (2 P8 ] (2.2

and

(1) =

232
{ ixt+nhdd - (—Q-—ﬁ%m

(FEry ] @

3. Particular cases
(A) Half-space

When the layer and half-space are having same materal, Le.
n=n, N=Nu=g=1I, = 6/U
inthis case the displacements a1 the free surface due to sudden mtroduction of shearing stress

discontmuity which expands or moves uniformly after creation, mside a semi-infinite
ssotropic poroelastic medium have been obtained as particular case of Nag®

By taking @ = b, from equation (2.19) we get

v b,y = 2B g 6
Nm
Iov . ~f Fla) da
Blshg=[ =520 o @2
where
File(n] = Re (14 " (43 + ja)” (3.3

where a(f) is given in (2.22).

Now

de .
“L‘ Fi(a) 5 ¢ “ dr is the Laplace transform of G (e)
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where

0 for0<r< /B
G =
( {mm (00142 for 1> il G4

Snce Fy () is real and da/de 1s imaginary or b/ 8 <r < (x} + hf)m/,ﬁx, one can replace
Beffo by [ + BD'7/8:1

Thus we get G (@),

UG + ) (B + o= U B (- (4 + D8]

G{e) =
B~ (B EE LU + 5 - Ut + U - (4 + 15D/ ]
(3.5
Taking the inverse Laplace transform for the equation (3 2) we get
P
vi{xy, M, 1) = LS (2= X) GLa(A)] dr (3.6

N G iy
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where G (@) 18 given 3.5)

Equation (3 6) coincides with the results given by Nag’ for case 1.
(B) Layered half-space of elastic medium

1f we make pii = pas, p12 =0, which imphesﬁﬁ — N/ p11, 85— N'/ p'1y which corresponds with
that for the classical case.

4. Discussion

w1 (x, -y, 1) is evaluated when assuming r= ¢ B/ i, 11 =0.54047, n = \/-E: 1, =2.93262,a=
b=40 Infig 1, curve 115 of case (1} with K, = Nw/2 P fi; and curve Il 15 of case (2) with K, =
Nrrj 2 b2+ Itis observed that till & new pulse arrives the displ goes oni and
then suddenly falls. Till the discontinuity arrives at the point under consideration from its
starting powt the displacement keeps up the above trend. The numerical values are consi-
dered from Fatt® for the layer and Nowinski® for the half-space.
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