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Sranany. — The stwdy lias been carried omt to ohserve the efleeis
of Poissun ratio on the displacement components of Rayleigh waves in elastic
media. Tn general the problem of swrfave waves have heen sindied Iy
many authoers,  The authors have adopled arhitrary values of Toisson ratio
in order 1o study the variations in the ratio of the displacement components
on the surface and inside the media. The variations of the horizontal and
vertieal amplitudes of sarface wave displacement with depth ix a matier
of great interest hoth in Seismology and Earthquake Engineering.

Rrasgsunro, -— Questo shudio ¢ siate cseguito alle seopo i osservare
eli effetti del rapporto di Poisson sulle compenenti degeli spostamenti delle
once di Rayleigh in mezzi elastici. In generale il problema delle omde super-
fieiali ¢ stalo atwdiato da melti antori. Gl auiori hanno  adeftato
valori arbitravi per il rappoerte di Poigson in medo da sthwdiare le variazioni
sulle componenti degli spostamenti rispetto alla superficie e nell’inferno
dei meszi. Le varlazioni delle ampiezze orizzontali ¢ verfieali ¢lello sposta-
mento dell’onda saperficiale rispettio alla profonditi sono i notevele infe-
resse sin per la Bismologia che per I'ligegneria sismiva.

1. — ITNTRODUCTION.

1t is well known thad in an isotropic homogencous and unbounded
clastic media only two types of waves are propagated.  Ravieigh in
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1857 showed that the free surface of an elastic homogeneous maderial
can support o disturbancee involving displacements in o vertical plne
along the direction of propagation in the form of a retrograde ellipse
and propagate with o veloeity which was abont 0.9 times the shear
wive veloeily in that mediun,

Jeltrevs aml Stoneley and later Ewing and Press greatly expanded
the theory to cover cases of layered semi-inlinite medin,  The results
inllicate that {n all bat the simplest case assumed Dy Tord Rayleigh
fliese waves suffererl (lispersion. The surface waves composing the
Ttavleigh sl Love waves are listinguished from P and 8 body waves
in being more or less conlined to the surface, Thus their amplitude
decrenses very rapidly with depth below the surface.

2, — FORMULATION OF THE PROBLEM.

Assume o siaple harmonic plane wave teain travelling in the a
direction such that
[) The distwbance is independent of gy coordinate

[T) Tt inereases rapidiy with distance @ from the free surlace.

Nolation

The [ollowing symhols have heen adopled for use in this paper:

B = elasticity

i = coecllicient of rigidity

g = densily ol media

4= Lame’s constanl

& = Realar potential of displacement

W (peyy) = veetor potential ol displacement
£ = wuve length

a = compressional wave velocily

h = shear wave veloeity

¢ = phase velocily

i = cubieal dilatatien

7 = Polsson’s ralic

w o - angular frequency

= parameler for wave equation

Py (P Fy ') == hody forees

U0 = displacement inow, g and z directions respectively
¥r = Rayleigh wave velocily

T = rate of decrease of amplitude

ratio of shear wave veloeily to cempressional wave velocity
ratio of phase velocily Lo shear wave velocity.

frp
I
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Consider the @-y plane to be ws boundary and the z axis positive
toward the interior of the solild.  Let {7, V', and W be the displacements
in @y ¥ and z directions respectively.

The displacement function £ = F (07, F, W) s defined (3) ay

D=V& -T2y, ps,y). {1}

Siuce displacement is hulependent of y we have

aefr B
\ ar  az
Y7 s
| N il Yy, [2]
az ar )
‘ . ath Y,
T e ar

Btress at 4 point given ax (2)
Py 3 fldy +2ney [3]
where 2 aud g are the Lame’s constants and are given

} ) ali _ " E
as A= 1ol —o and g = 501 4 o)

0 ix the enbical dilatation and oy s Cronecker delta Le.

3 =1 fori =}
f
) N, = Oford s

a is the Poisson ratio aoul F s the modulus of elasticily.
Equation of motion is given as

] ]J: =ao 4 Py (4]

where Dy is the seeond derivative of D, with respect Lo time, o is the
density and

I’fr A a_( }_,J‘-j} .
: 57
Trrom [1], [2], [3] and [1]

" af
o D — (A 4+ ) —: —u Vi
o
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or genvralizing

oD =@&+1)V0+pvD. 15]
a U a aw
3 I I 1 1 \ . -~ 2
But ) vor Ty T ol V-D=Vq
and we obtuin
o D) = () + ) V(V-D) - p V(D). [6)
Substituting for 77 and soparating real and fmaginary parls we obtain
1ad
i a ——
'I\ vea - a2
1 8t Y,
P 72 LS T
VR = e 71
1 a1
VY o
where
el and b=|F. [8)
} 0 0

Solution of [7] ean be written as

Do Aexp[L gz — 1 (ml — kx)]
W= Boxp[+ sz L+ (ol — k)] [9]
Vo= Cexp [+ sz = 1 (e — b))

where
‘ = ‘J A2 Ry and = 'J BE—1I

: , . [16]
’ e o adud by == =
I b

Sinve for surface waves the motion becomes negligible at o distance
of a few wave lengths from the free surface solntion [9] takes the form

g D = A exp[—qz =i (mf - k)]
W= Boexp[—sz 4 i (ot — k)] [11]
( V= (expl- -4 41 (el — )]

provided ¢ < b <«
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The sign Las been so chosen so that potential hecomes zero as 2
tends to infinity.

To obtain constants A, B, €, the bonnmdary cowlitions are: all
stresses must vanish at ree surflace Le. 3 =0

Pzz—_'Pzr:_Pz_u:U HAN =ik) !:12]

From [3], [11] and [12]

S =i
A2idgh) — B2+ s2) =0 [13]
E A+ 2u)yg — A2 - B(2pisy =10,
Bliminating 4 and B we get
EfF 88 LI —T16) +16pE—1)=0 [14a)

where

= ~Z- amil 1y = i :

vrr

Ivom this we see that one root of & is zero but this gives plase
veloeity equal to zero aml henee s of 1ot use.
Tlerefore

B S (2 — 16 ) 16 (2 — 1) =0, [14]
Also rome eq. [E4] it I8 obviouws that the equation holds gool when

< <<h<<n,

Rewriting

b 3 ] T—2ig

¢« Fori—o)
Displacements & and ¥ are
e &y’ . ah a¥
= — and W= -4
ox (i ax 8%

w: has been replaced by ¥ hecause other two components of ¥ do
not come in 1o play.
From [11] and [15] we get ()

U= — A [dkic e —- Byesz]exp [i (il — kr}].
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Taking ouly real part

2y
U=k | e — T e | sl {el -~ ) I
and similiardy [16)
Sk | i
W —=—=4dA¢g| v — = e 1 cos (ol — ) ‘ .

The rate at which the amplitude of the displacement along the
ilirection of propagation deereases with depth depends upon the lactor

Te = | ¢71 —

[17]

2 s ‘

i L
Also the rate at which the amplitude of the motion in a divection
normal to the swrface decreases with deptl deponds upon the factor

&one =}

-2

}.; + 3;2 &
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Fig. 1 = Coeflicient of decay of amplitude in the direction ol proepagation
of Rayleigh wave in elastic media [or dillerent values of Poisson’s ralio.
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Now
=k — Lk, = k(1 —9p2 &)
and
"
#=k—k =k1—E
(1] rl s " %
i = = 1 where L is the wave lengih of Rayleigh wave.
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Tig. 2 - Coolficient of decay of amplitude in the divection perpendienlar {o
propagution of Rayleigh wave in claslic media for different values of
Poisson’s ratio

Substitnting [3] in [17] and [18] we got

'c;;=cxp‘ —2m 1 —gp ‘
l

241 cEET AL
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il
T.— —exp| —2a1—pp & } { f
5 =y [20)
+ ——F exp _‘:;. \flwé’f[

(see Fig. T and 2).

Again let U, and W, be the displacement components in the and
perpendienlar to the divection of propagation respectively at the free
sirface 2 = 0.

Then
21 —op 21—
b"o=,alk}l—— J u SALTE [21
R
and
Wo= -'-‘i' 0 __ A ! 9 [22]
Then
I
¢ — 32 - pose
{ f'-! i_ & '['-»:_.”
e 2 gs g
| =i
2 -8t
22
Amgr . — - P
3} I v [24]
e 252 ]
R '
and
|) .n
[ J'I ¥kl pe— ’:‘--r’: i 62
i . 2 | g2
sl 5 - 23
W i 22 (25
il ' | JEpe— - .- E L3
AL st
Substituting for ¢, ¢ and & we obtain
T e A aEfin
exp | — 3 N1 — o E— ‘/ ﬂcﬁ__l -Ee\p -7 7 y1 — &
211 —qpe J1—g
5'.'
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o | 0l -

—oxp | — 2% = AL — 128 4 —— oxp | —2m = T —
W exp @ I A1 y | e OX] - i Vi £
iV £
i)__&i
27]
and
o |
W - _’1 s gyid
2nz 2 f A
exp |- I A/l q-'f-'—., = 31 -—1;3.53»\f’1 —-&exp |- "= .\h——f-l
b 2 g
— i IS k2 exyp - afl — &2
1 I 1 2 g2 1 7 ‘\/ 5‘
[28]

Tguations 18, 20, 26, 27, 28 are plotted for different values of Poisson
ratio, The plots are obtained non dimensional. See g, (1, 2, 3, 4.5).

02

iz. 3 — Ratie of amplitude in the direction of propagation at the surface
{U,) and in ihe media () for different valies of Poisson’s ratio,
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3. — CONCLUSIONS.

Iig. 1 and Fig. 2 represent the coefficient of decay of amplitude
in the direction and perpendicular to the direction of propagwtion,
Fig. 6 indicates a comparative study of these two coeficients and
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Fig. 4 — Ralio of amplitude in the direction perpendicular lo propagation
at the surface (1¥,) and in the media (17} for difterent values of Poisson’s ratio.

reveals that the coetficient corresponding to the displacement component
in the direction of propagation show a change in the phase near to
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Fig. 5 — Ratio of amplitnide in the direction (77) and perpendicular to the
divection (1F) of propagation for (different values of Poisson’s ratio.
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Fig., 6 — Coeflicient of decay of displacement in the direction of propa-
gation {z;) and in the direction perpendicnlar to propagation (.).
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the depth z = 0,25 where as the other component decays gradually
and have i tendency to become asvmplodic ab z —= 165 and onwards.
It is observed from Pie. 3 that with the inerease in the Poisson ratio
of the media the displacement component in the divection of the pro-
pagation also inercases and the maximum value lies when depth iy
between (037 and 045 times the wave length of the Rayleigh wave.
Also for all the Poisson ratio of the media this component clianges
phase at the depth between 0.15 to 0.25 times the wave length.,

e

Fig, 7 = [jUs W/Wa and UJW versus 2D

On the contrary the displacement component in the direction
perpendicnlar to propagation of wave does not show any pliase change,
Also the amplituilde increases when depth lies between (L1 to 0.2 times
the wave length wul then it deerenses rapidly and becomes asymptotic
al a depth of 1.5 times the wave lenglh {see Fig. 4).

=
The gradient of decay of |, {(see Fig. 3) inerveases with ncrease
13}

in the value of Poisson ratio and up to depth — 0.5, Then decreases
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Tr
with inerease in Poisson ratio.  Also the value W is independent

of the Poisson ratio when depth is near to 0.5 times the wavo length.
i , v U 1
Tip. 7 shows comparative study of —, — and - com-
i W Uo Ws
penents of the displacement.,

4, — REMARK.

The study can further he extended for the variation in the modulus
of elasticity and the density of the wmedia.
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