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SYNOPSIS

It is well known théf dissipation accomﬁanies
vibrations in solids due to the presence of internal
friction. In general, the effect of internal friction
is to'produce attenuation and dispersion of elastic

waves.,
\

Wave propagation in.anelastic solids proviie
an interesting field for the application of mathemafical
techniques and in addition is of practical importance
both to e;gineersand selsmologists.The present work deals
with the numerical computation ©f the variation of

amplitudes for surface waves showing elastic and anelas-

tic behaviour.
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© LIST OF SYMBOLS

v dashpot constant,
E  elasticity,
/u coefficient of rigldity,

Y( coefficient of incompressibility

Vp velocity of P waves,
velociﬁy of S wave,
density,

Vs
/v Lame's constant,
g

Scalor potential of‘diSplacement.
] Vector potential of displacement,
L wave length
o compréssional'wéve velocity,
) shear wave velocity,

o} phase velocity,

2] cubical dialatatiqn,
Rlz| real part of z,
Ilz| imaginary part of gz,
O~ Poisson's ratio,
w zngular frequency,

k parameter for wave equation,

- X,¥,Z2 bodv forces,

U,V,W displacement in x,y and z directions resp-
ectively.



’ . _.,:-“2,:-.,,. - s P
Rayleigh wave velocity,.

time pepiod,
rate of decrease of amplitude,
8tregs at a point,

ratio. . of shear wave velocity to
compressional wave velocity,

ratio of phase velocity to shéar

~velocity.

wave
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CHAPTER -~ I

INTRODUCT ION

It is shown in treafises on Theery of Elasticity
that two types of wave motions are propogated in an
isotropic homogeneous and unbounded elastic medium.
These are the longitudinal or the compressional (P)

waves and the transverse or the shear () waves. Their

velocities are respectively gilven b / 4 o and

Vg = _/ZVF where '¥K' and ;A4F are the coefficients

of compressibility and rigidify'and ' P the density.
In any media the 'P' waves travel fastef than the;

'Sf waves and are the first to arrive at a given

point. They were therefofe, called the 'Primary' or its
short form the P wave. Earthquake records invariably
‘show the arrival of these two waves but in addition %o
these they also show the presence of other slow tra-
veliing waves with large initial amplitudes which
appear to have travelled along the earth's surface,

The latter consists of abproximately harmonic waves of
varying amplitudes and progressively diminishing
periods and belongs to two main g£Troups known as the
'Rayleigh' and the 'Love' waves. The theofy of Rayleigh~
waves was first given by Lerd Rayleigh{ll| in 1887. He
showed that the free surface of an elastic homogenenrus
medium caﬁ suppert a disturbance involving displace-

ments in a vertical plane, along the direction of
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‘ propegationrih the forr‘of-e retrogradeeellipse,
snd'propagating~withﬁe1ﬁéleei$§ which was ebout

0.9 times the shear'wave_velgcity_inhﬁhat medium.
Jeffreys. and Stoneley and later Ewing

and ans greatly extended the theory to cever
‘ceses of 1ayexed semi—inflnlte media. The results
1ndlcate that in all but the 81mp1est case assumed
by Lord Raylelgh, these waves suffered dlspcrs;en:Jh
The theory of Love waves were given by A.E.H Love[8 ]
to’ account for the presence of transverse component
surface waves in earthquake records, He showed that
on the free surface of an elastic layer resting on
‘a semi-infinite elastic and homogeneous substratum,

a wave of the SH type was possible. These waves
suffered diSpersion-depending on the fhickﬁess-of the

upper layer.

The surface waves comprlslng the Ravlelgh
and Tove waves are dlstlngulshed from the bodlly P
and S waves in belng more or 1ess conflned to the
surface. Thus, ‘thelir amplltudes decrease very rapidly
with depth.below the surface. The variatlons of the,
horizontal and the vertioal amp11+udes of surface
wave dlsplacements with depth is a matter of great
1nterest both in Selsmology and Earthquake Engineering.
When seismogranhs are installed in bore-holcs, the

amplitudes of earthquake waves may be measured

dlrectly and the same considerations apply to
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microseisms and to the recording of explosions,
Purther the ratio of the vertical and horizontal
displacements (w/u) which are relafted to the nature
of layering in the semi-infinite medium can be
compared with observed values. Also according to a

dynamical theorem earthquake foci lying at a depth

. corresponding to a node of the surface wave will not

exclte that mode. The observed amplitudes of diff-
erent modes can therefore be discussed in terms of
the depth of the ﬁg;é:;, The rasults can also be
applied to the problems of vibrations of roads and
other structures. Stoneley(1958)|14| and Stoneley and
Hochstrasser(1957)|151 have treated this problenm for
two uniform surface layers overlying another of greaf

depth but in-all cases conditions of perfect elast-

icity have been assumed.

The present work investigates numerically the
variavion of amplitudes for surface waves propogated

over the surface of solids showing anelastic behaviour.

DEPARTURE FROM PERFECT ELASTICITY

The behaviour of a body is said to be elastic
when Hook's law holds good i.e. the restoring ferce
is proportional to the amplitude of vibrations. The
equations of motion ef an elastic solid are obtained
by equating the products of the masses and accelerations

to the elastic forces gnd it 1s assumed that no other
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forces came Into play.

When dissipation accompanles vibratioms in
solid medla, the behaviour 1s said to be anelastic,
Some of the elastic energy of the vibrating body is
élways oanerted into heat, and the various mechan-
isms by which this takes place are collectively
termed internal frictien. Thus, when a solid speci;
men vibrates, its free oscillations decay even when
it is 1solated from its environments due to the
presence of internal friction. We can define internal
frictioh as thé ratio QL%— where W 1s the energy
dissipated in taking a specimen through a stress
cycle and W is the elastic energy stored in the
specimen when the strain is maximum. This ratid is
sometimes called the , "specific damping capacity"
and éan be measured fer a stress cycle without any

assumption being made about the nature of internal

friction.

If we assume that restoring force is propdrt—
ional to the amplitude and the dissipating force is
proportional to the velocity then the ratio between
the successive free oscillatien 1s constant and the
natural logarithm of this ratie, which is called the
logarithmic decrement, is taken as a measure of the

intemal friction.

Another methed of investigating Internal friction
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which 1s more closely relafed to the problem is the
measurement of the attenuatisn of a stress wave
Wﬁen 1t travels through a solid. For a plane sinu-
soidal wave of small amplitude the attenuation is
found to be exponential |eXp(-jfx)|, where T repre-

sents an attenuation constant.
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- CHAPTER . TITI

IMPERFECTIONS OF ELASTICITY

Imperfections of elasticity are usﬁally general-
ized in terms of perfect elasticity and viscosity. -
The 1deal linear elastic and viscous élements thus
become mathematically tractable and physically

represent a spring and a dashpot respebtively.

The microscopic structure of a linear anelastic
matérial is mechanically equivalent to a linear wviscous
and elastic element. The assumption made is that the
prbperties of the smallest portion are the same as
those of the substance in bulk, The extension in each
element is small. Also the energy per unit volume diss-
ipated as heat everywhere is sufficiently small to
warrant any variation in mechanifal properties due to

temperature change to be neglected.

Tet us consider a spring of stiffness B and

a dashpot of constant vy . }see Fig.(A)-,If P is the

force and x 1is the extension, i.,e. the increase in
the distance between the ends, then,

for the spring P = Ex, and

for the dashpot P = —F— = X

To represent a particular type of anelastic
behaviour, the basic elastlc and viscous elements can

be combined in varlous wavs. If a spring and dashpot
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SPRING- THE ELASTIC ELEMENT
FIG.A(Q)

2.TWO ELEMENT MODEL

THE VOIGT 50LID
FIG. B (3)

3.THREE ELEMENT MODEL

FIG. C(a)
4.FOUR ELEMENT MODEL

PRIy | E1q

Vo =1 E2

FIG D(Q) FIG. D (b)

E3

|——1 v

VISCOUS ELEMENT-THE DASHPOT
FIG. A (b)

y =]

THE MAXWELL SOLID
FIG. B (b)

B9
e, L=—lv Ea

FIG. D(C) FIG. D (d)
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are considered in series, the resulting model is

known as a Maxwell element. If these elements are
in parallel, the medel is known as Volgt [17] or
the ¥elvin Model.

see fig, (B)|, Pig.(0) and Pig. (D)

represent three and four element models,

CORRESPONDENCE PRINCIPLE

.

"If the elastic solutien for any dependent

- variable in a particular problem is of the form

f = R|fg exp(iwt)| and if the elastic moduli in 3

are replaced by the correspending complex moduli EVE
then the anelastic solution for that variable in the
corresponding problem is‘given by f¥leVEeXp(iwt)l"
This is known as the correspondence principle. This can
only be used if (i) the elastic solution is kiown,
(ii) there would be no operation in the anelastic
solution corresponding to the operation in the

elastic Solutionlinvolving separation of either complex
modulus into real and Ilmaginary parts, with the exce-
ption of the final determina%ion of f and f and
(iii) the boundary conditions for the two cases are

identical.

COMPLEX MODULI | | B

Let the model be subjected to a sinusoidally
oscillating force of radian frequency w . Also let

sufficient time elapse for the effect of initial



=10~

conditions to be negligible., The extension also will

be of radian frequency w.

P = R{P,(w) exp (lwt) : .
| : > .o (1)

and x = R XO (w) exp (1wt)

where, R (%) denotes the real part of (Z2) and PO(W\
and XO(W) are independent of time and in general

complex,

For spring R Po(w) exp(iwt),l= E.R XO(W) exp (1wt )|

For this equation to be valid for all 't

P, (w)

E is the modulus of spring.
‘When the model is a dashpot,
Po(w) exp (iwt) = YR %o(w) exp (iwt )

Py (w)

and therefore, Enc i iw Y
0 :

For Maxwell solid |Fig.B(a)|

Since spring and dashpot are in series, let the
extension of spring be x' and that of dashpot bhe x",

then,

Pyexp (iwt) = E x;(w) exp (iwt)
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Therefore,.

Po(w) - .
=W T B+ Iwy)
or Yp = (E +iwy) .. (3

Yp 1is the complex modului of Voight solid.
Complex moduli for three and four element models

- can also be obtained by proceeding on the same lines.

St ress analysis'in continua mechanics is
concerned with the simultaneous solution of three sets
of equations subjected to given boundary conditions.
The first set comes frow analysis of strain. The second
~set comes from analysis of stress. The third set 1is
the stress-strain equations. The first set depends
solely on geometry of the body. The second set depends
on geometry and on Newton's laws and are known as
equations of motion. The third set i.e the stress strain

equations, are different for different material.

The equations of the first two sets are,

. _ 1.V au,
i) €4 = g(ax + 3;) = Cyy
azéi 1 @)
1i) pij’j +P Xi = —g;g~

Considering the propogation of sinusoidal waves, we
look for the solutions of equation 4(i) and (ii) for
anelastic materigl in which all the dependent variables

vary sinusoidally with time.
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and this also equals to

” .

Y] d ,xo(w) exp(iwt)l

at

Therefore, Xq (w)+x, (w)

or, x, (W)

Therefore, complex moduli,

®, )

XOW

Therefore,

b6\

- where, Yp 1is sald t0 be

VOIGT SOLID|Fig.B(b)|

Spring and dashpot

By (w) exp (L)

P;(W) exp. (iwt)

or P =P + 7P

. W B X;(W) exp (1wt )

= )?%glxg(w) exp(iwt\

)

P, (W) exp (iwt)

P, (W) . P, (w)
E - iwy

il

complex moduli.

are in parallel. Therefore,

i

B XO(W) exp (iwt)

)chiw exp (iwt )

(2).
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Therefore,

Pyy = R Eij exp (1wt )

&5 = R eij exp (iwt)

whers,

Dy 3 and Eij etc. are functions in general

complex of the spacial coordinates only.

Introducing the deviatoric components of strain and

stress Sij and Sij respectively,
€,y = L
13 7 %13 7 3 %13 ®kk
S = - 1 8:2 D (.a)‘
i T P13 T F %13 Pxx <V
Therefore,
i3 = %1y e (7)
P = Yn xx | .o (8)

From equations(6), (7) and (8),

Ik
™
+

{
on
o

=
=~

©1] 2 I



In particular,

- 1 ll_..j_;_""""
11 T ¥ P41 - 3( Yoo )(P11+P22+P35\

12 1 - '1 1,1 1. = .=
R ST U S Y-
(; L A A S
e (10)
For an elastic material,
_1 o |
°11 T F P1p - 5 (e * Pzz) .. (A1)
Comparing (10) and (11)
-1
" = L .2._.. j—'-...
£ l3( S Yn>l
:YT ' e (12)
1,1 1
-nlb(- &)
o 5L Y Y,
oL Ly
= 9 Y5 Ty
(=t )
A
Y -V
_ | In s
| e . (13)
Again from (9)
= = —-]}_-— L (14)
€12 v P12
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and for elastic case,

o e
612 = 2& p12 .o (15)
Therefore by comparing
ao= oy | (16)
- g s 4 s
. 1 |
Also, K=% Y .o (a7
2
A=K - T |
> .. (18)
=t -1 |

Equations (12), (13), (16), (17), and (18) give

the cerresponding complex moduli for anelastic solid.
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CHAPTER-III

RAYLEIGH AND LOVE WAVE BQUATIONS, TN
ELASTIC AND ANELASTIC MEDIA

When waves propagates into an extended solid
for which the component of displacement in one
direction ig zero and that in the other two direct-
ibns are independent of the previous one, the solid
under these conditions is in a state of plane
 strain, Assume a simple harmonic wave train travell-

ing in the x~direction such that

1) the disturbance 1s independent of Y coorf-_

inaﬁe and

2) it decreases rapldlv with distance Z from the
free surface. Waves satisfying the second

condition are callel surface waves,

In an unbounded isotropic solid two and only
two types of elastic wave can be propagated. Where
there is bounding surface, however, elastic surface

waves may also occur.

Consider the boundary to be xX-y plane with 2 axis
positive towards the interior of the solid.

Let U, Vand W be the displacements in

%,y and z directions respectively. The distance D

in the medium can be represented by the sum of
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gradient of a scaler and curl of a vector i.e.,
D= g+ x ¢ o (1)

where @ is 4 scalor potential ani T is a vector

potential and D is a function of U, V and W,

Since the displacement is independent of v

U = Qg - -a-[-llg_
0x 0z
oy, o
S0 S 5]
V=% T 7 e ()
8
g o 08 . 12

Stress at a point is given as,
Py =R06;54 + 2/xeij .. (3)

where,
6 is cubical dialatation, N and M are Lame's

constants and § is cronecker delta, 1i.e.

i3

844 = 1 for i =

J
=0 for 1 # ] i
- ol v oW
= +'ay HEY
‘ E
A (e ey

.. 3(a)

=

B
)
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where,
G~ is the Poisson's ratio sand E is the

modulus of elasticity.

Equation of motion is,

2
3 _pyx 4 2 o 8
2 P e P Tyt Tx
0%y 8 ;0 2
P =07 55 Tyx * oy Tyy t s Tyz LW
and oW 5 2 2
IV Pz + % Tox T oyt 37 ez

where, X,Y,Z are boiy forces in X,y and z directions

respectively and P is the density.

From (4) and (3) we get,

LYo (hey & e uda

ot

2 > ‘
B sy B sy e
9t y .

2.

e O § el

From (1)
' | 2

8=(%§+9¥+%-£-)=V-D=v¢ .. (8)

Prom (5) and (8)

°p

(@3]

= (P (VT +49° (98 o xb)

“
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2 .
2 2
or §'~2(‘:7!Z5 tyxf) = (A ) V(0 D+ g (@F +7 x7)
+ .
. .o (7
Tt can easily be seen that equation (7) is satisfied

only if @ and T are the solutions and they take the

form,
2
2 d
v¢= 3
o ot
277,
2 S .. (8
2
2 1 3V
Vv ==
v 6% 342
where,
[ . = / A+ L
S P
yi)
and B:__//,T_ o (9)

Equation (9) indicates that two types of Aisturbances
with Velocity a and B8 may be propagated through an.

elastic solid,

.. Selution of (8) can be writfen as,
Vﬁ = A expltqz + i(wt - kx)‘

U =3B exp

Sy + i(wt-kx)‘ > , .. (10)

v

1
O .
[0}
e

3

+

+5z + L(wt - kx)
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where,
2=
k, = w/ol
w = c.kl .- (11)
$° = kz-ks
kg = w/B

RAYTIEIGH WAVE

According to the theorv given by Rayleigh
for surface waves on the fr=e surface of a semi-
infinite elastic solid, the motion becomes negligible

at a distance of a few wave lengths from the surface,

Solution'(103 takes the form,

# = A exp|-qz+i (wh-kx) |

T =B exp|-Sz+i (wh-kx)|

%
-
-
—~~
[S0N
AV}
g

provided c<B8<a

In a similar way the SH component takes the form,
¥ =€ exp|Sz+i(wh-kx) | .. (122)
provided c<8<«a |

The sign has been chosen so that the potentials

approach zero as z tends %,

In order to obtain constante A,™,C apply the

boundary conditions.

1) A1l stresses must vanish at z=0

i.e.‘pzz= Doy = Py = 0 at 2=0 ., (13)
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2 Qe 2
- o ¢ ,al 37T
Ppx = B84y T 2 555, * < 0

| 2, .2 | > L. (14)

2 9 5~
AND Pzg 2/\(7¢ +2/U'(ag ¥ axgrz')'
! 2

- - v
and  Dyy T RUC,e = /4 dz

Equating these stresses to zero at z=0 we obtain,

iYo = 0

1) A21qx) - 3(S%) = 0 -+ (14a)

1i1) Al (x+ 2mq2- 7\k21+13(2u.1ksn = 0

Eliminating A and B from 14(a) and putting for
q and S we get,

fg-] '§’6-—8 §4+ <% (24-16 vﬁ)ﬂﬁ ( 'x72-—1’-).| =0 ,..(15)

<

o

where,
_e B
S g k
_B - R
and W) o kB

This represents Rayleigh wave.

One -root of 3? is that'?‘: 0 1i.e. c=0, this gives
that equation (10) is independent of time and U=W=0,

Hence, this solution is not of interest. Therefore,

<% _ 8 g4+ { (24-16 ‘y]z)ﬂ(%(y)z-l) = 0 .. (18)

)
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In (10) if we put §9= 0 we get negative value
because ¥} < 1 and if“§': 1 we get positive value.
Thus there is always a root of ;’if O<c<B<a and under

these conditions surface waves can exist.

LOVE WAVE

When 2 'homogeneous layer is bounied above
by a plane horizontal free surface and helow by a
parallel boundary at a finite distance away, surface
waves of SH type can occur at free surface; This was

Shown by Love in 1911.

Since only SH component occurs, Equation (10) takes

the form for medium M,
¥ = O exp|-Sz + i(wt-kx)| for Oz Sooan
. For medium M;

Vo= Cp expl-iS,z + i(wb-lox)|+F) exp|iSyz+i (wh-lw) |

| .. (18)
for O¢zgHy
where,

2 2.2

= _ +k
S1 k By
k. = 9.
Bl B1

B4 1is shear wave velocity in M.

Constants CyCqyy ¥y are determined by boundtary condi-

tions which are,

(a) The displacement at the bouniary surface
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must be continuous at 2ll times and

places,

(b) Stress across the boundary surface between
M and Ml shall be continuous at all

times ani places.

(¢) A1l the stresses at free surface will be
zero,
Or we may write
from (19a),
My at z = 0
This gives C = Cq+Fy - (20)
from (19b),
v

Vo
114 Y = Lﬂ CAS at z = 0
92 I, 0z |y
or —//{SC = -/(41 i SlCl +/,(i i SlFl . (21)
From (19¢)
oV
/1;1 3 ’ =0 at z = -H
My

or —i/Ul 5404 exp[}iHlsl + i(wt—kx?]

ey

+ 1 M S, B, exp|-iH,S, +i (wt-%x)| = O
191F1 eXp |-y 5, J

or C; exp|iHySq+i(wt-kx)| = Fy expl—iH181+i(wt~kx)i

.. (22)



To eliminate C, Cq, Fy from 20, 21, and 22,

from (20) and (21)

c 418+ 8

Lo (23)
Py Jugtog= S |
Again from (281) and (22),
Ei i q‘exp[;iH181+i(wt-k%li
P, expliBySy+i (wb-ix))
exp |-1H; Sy |
- 171 . (22)
exp [1H; S |
From (23) and (24),
lilisl ) exp(-iHiSlﬁ+exp(i HyS Y
A3 eXp(—iHlsi)-eXp(iHlsi)
-
orMS - LiySy tan(HSy) = 0 .. (25)
Substituting for S and S, we obtain,
2 ' Vo o
%fi-gg ~hie _/~Pm o1 tan (xHy /@%— - 1) =0
B 81 = 81
.. (26)

Therefore from (26),SH surface wave can exist if this

equation is satisfied i.e.
B4<C<8

or in other words the velocity of S Ybodily wave
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in the lower medium M must be greater than that

- in My and the wave velocity c' of the Love waves

must lie -between B and B4 . We can also see from (26)
that ¢ 1is dependent on the k, i.e. dispersion of Love

wave will take place.

It is evildent from (26) that for k to be
very 1arge c approaches 84 énd for ¥ to be small
¢ approaches B. For.anelastio media solution of Rayleigh
anl Love waves can be obtained bv Correspondence
principle.:For anelastic case we have to replace E by

YT.

Rayleigh Wave Eguation

Equation remains the sam: as for elastic case

. Ty-Yg _
S <
Therefore = /Im::z;:u ,
"? -/ m_d_—y , 27)
Also 2 g W
3TE TR
Thersfore k =_% //ggr : .. (28)
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ie have to replace Yg in terms of Yp, Yq being

the complex moduli as given 1n eqn: (2-12),

I, -1
Yp = | L (% +1-) = (1+o )Y l
. {,3 ( ¥y Yn R
> .. (29)

Hence,

k=2 /L0 | | .. (30)

f/
" For Maxwell solid,
- |1 1 -1 .

o = | § 7 o3 .. (31)

and for Voigt solid,
Yy = (Briw o) | .. (32)

LOVE WAVE EQUAT ICN

Considering the case: when media My 1is
anelastic let us denote it by suffix 2(e.g. My).
Thickness of the layer is Hp. Then eqn. (2.26) takes the

form,

/o2 _
kHZ */ éﬁ--l I = 0
2 g

tan

i
Q-

— arcamn

oo (33)
where Mo 1is complex moduli for medium WMo and k |
is.also complex.

Now Mg = & ¥, = 575%?:7 Ty . (34)

Corresponiing values of Yp from eqn.|3-31| and
|3-32 | for Maxwell and Voigt solid are substituted in
|3-34| and then in [3-33| to give Love wave equation.
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CHAPTER IV

REDUCED RAYLEIGH WAVE EQUAT TON

Rayleigh wave equation as derived in last
chapter equation (3-16) is |

-§6_8~§4+ 2(24f16-q2)+16(‘q2-1) -0 o (W

We may write it as,

) .2 6 4 2
q/) (16_16§ ) +<§ “8'§ +24 B« -16 =0

_(4‘2 .434 1146
R _ 16-247 "+8 3 "~ ¢ .
or A)/} - 4 2) . .. (2)
16 (1- %)
3
Therefore,
/ ©R oo 6 '
vl = 16-245748 97 % (3)
2 Y
16 (1-%7)
Since ¢ 1s always less than §, is always less

than unity.

From (3) we can obtain a plot of Y\vs.;g .
e can also solve this equation (1) forfé'for different
values of)q . The computor programme 1is written for

this and the fesulfs are obtained.
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Qo = +95529

M j "‘*15 IR
0.00  0.95529 0.00
0.05 0. 95520 ~0,00009
0.10 0.95465 ~0.00064
0.15 ' 0.95393 -0.00136
0.20 0.95274 -0.00255
0.25 0.95111 -0,00418
0,30 0.94904 ~0.00625
0.45 - 0.94634 ~0.00895
0.40 0.94286 | ~0.01243
0.45 0.93835 ~0,01694
0.50 0.93249 ~0.02280
0.55 0.92473 ~0.03056
0,60 0.91416 -0.04113
0,65 0.89936 -0.05593
0,70 0.87789 -0.07740

Maximum value of V} has been taken as
0.70 because for?] higher than this, Poisson's ratio
becomes negative and no material yet has been obt-

ained with negative Poisson's ratio.|4]

In order to make the first value equal to
Zero,§},= .95529 has been subtracted from each

value. A Log Log plot is cobtained for (?f- ég)van .
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For O§w\§.40, we get one straight line and for
values .40<7j§.7, we get another straight line.

Bach straight line will give an equation of the type
Y = kx" i.e. "-“fo =k vf. pub X¥1, we obtain k
from the graph and the slope of the line gives the

value of m.Exact results are obtained by adjustirg

the values of constant k.

From graph,

for O(\q<.4

. . 2.275 _

T? = ,95529 - (.1+.O5’q) y} A S )
2nd for .4 <V7§:7 | ‘

3 - .95529_(.12+.1»?),f’85 | .. (5)

Bquations (4) and (5) are reduced Rayleigh
wave eguation and these give results correct to

third decimal place.
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CHAPTER..V

ANALYSIS OF RAYLEIGH AND
TOVE WATE BOUAT IONS

Equations of Rayleigh ani Love wave have

been derived in Chapter II ani are given by the

equations (3-16) and egns. (3-26). Values of?\emd/aL

are given in terms of modulus of elasticity and

Poisson's ratio in equation|(3-3(a)].

Rewriting them we have,

= (1—2E;~}(1+o~)
= ST
Therefore,
s g:)?l)wﬂ

Therefore,

o AR _ /T R-e T

. “_/ 2 -/ (1—2cr>(1+a~3"(>
and B = /& = / B L1
d/f 2+ o) f

Let us represent ﬂ? as the retio of B/n

= - /TEs
y) * JE{=e)

(1)
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RAYLEIGH WAVE

(1) Elastic Cage

Rewtiting Rayleigh wave equation

§6_8 <«§4+ {gz (24-16,q2)+16(-y]2—1) =0 .. (4.)

From equation (3); values of-ﬂ are obtained for aiff-
erent values of Poisson's ratio (o—).Poisson's ratio
is varied from zero to 0.45 at an interval of 0.05,

and for each value of V], value of f? is computed from

‘equation(4).

Computor programme of this is writtenland the
values are computed?A graph is plotted between
u)i and g~emd(Zqumdg*,asstninFﬁgJiLUmpA)

Since§Z= S , the velocity of propagation of surface

B
waves ig8 thus independent of the frequency for elast-
ic case and depends only on the elastic constants of
the material. Thus, there is no dispersion of thesé

waves and a plane surface wave will travel without

change in the form.

In order to calculate the displacements U and

W from equation (2)

p=¥¢ W |
_ 8 Lt
and W= 0z N ox

Here, Vs 1is taken as T becausc other two components

1.

Appendix B-I
* For results see Appendix C
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of* ¥ do not come into pley. Substitutinz for

f and T from equation (3-10)

U= -’A ki e”9% - B S e'sz expii(wt - kx)i
' > L) (6)
and W = ylA q e”%% + Bik e"sZ ' exp i(wt-kx),
From ]3—14(a)l
B—Al ‘ o (1)
k +S

Substituting in (6) and taking only the real part,

-emqé _ 299 e.-SZ

kW +83

U = Ak sin (Wt -'kX) o (8)

[}

2
™92 . -%K—g bzWcos(wt “kx) . (9

-A
1 k~+S

and W

The rate at which the amplitude of the displace-
ment along the direction of propagation decreases with

depth depends upon the factor,

o~4Z _ ggi_g_e-Sz

k™45

Ty = .. (10)

Similarly the rate at which the amplitude of the motion
in a direction normal to the surface decreases with

depth depends upon the faotor.'

2
T; = |_e”4% 4 k'ig e™5% .o (11)
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q2 _ kz_kz
w .
ko = &" ’
— ‘._N_ .
kB = g
5o 8
8
‘Therefore, o
5 5 1 2 kB
1 = k {1 - =+ 5 f
kB k
2 2
=k ’1 - y] ﬁzl .. (12)
Similarly,
s° =P . ké
= kg(l_fz) J .. (13)
W _2n
k=3 =75
where,
L - wave length of Raylaigh wave,
Therefore,
2
2k 2
B = =y ' .o (14
k™+8 2. € (
S
and
2/ 2.2 _f1 %
295 = 1Y 1 -
2 = 12 i .. (15)

K45 2 - ¢°

‘Ihereflore, we can write eqn.(10) and (11) as-

2V w2 Vi 3°
o <® '
-
Z

-eXp’— 276\[—:?' . F

- _ A Z
TX —exp!-2n\l’ 1_,,,2%2 - T

oo (16)
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T; = .exp -2n’vw—~*F—— %] » exp’-zw'vd—_igz

bv\\

.. (17)
Sincer)and Hgare known for values of Poisson's

ratio, 7; and T; from equation (16) and (17) is

calculated for each value of Poisson's ratio,.For a

particular value of z/L which varies from zero to
2,00 with an increment of 0.1. Results are plotted as

shown in fig., 2 and 3. !Appendix Al.

" Let U, and W, Dbe the values of displacement

at z=0, ‘i.e.

U = —
0 k2+82 _
W ER Y
= Ak (1- 1 1 - .. (18)
2— ‘t’i
and
Wo = Aql —a-fg - 1' e (19)
2- %"
-qz ‘ -5z
, e - ,gg_g e
U _ X~ +S ' T .
—U—- = e (20)
0 1_ 2038 J
+S“
o~d% _ .2k2 e--Sz
A X~ +S
c R
k~+S
o=0% _ 235 . RER
U _ k : k48 (22)
R "




- o _
U_ k kS
e —— —1. .. (23)
| o-a7_ _2k Sz
kg+S;

From equations (20), (21), (22), and (23), we obtain
U/Uys W/W,, U/?,VO and U/W for Aifferent values of
Poisson's ratio and different values of z/L. z/T

varies from 0.0 to 2.00 with an increment of 0.10,
Resultsgare plotted as shown in Fig., 4,5,6,7 (App.A).

4
Computer programme is written to obtain T; )
‘Y; y U/UO, Q/Wo, W/WO ,» U/W against z/L for different

values of Poisson's ratio.

RAYIEIGH FAVE IN MAXWELL SOLID

From equation (2-2), for maxwell solid, complex

moduli is given as

Also from equation (3-29),

Tp = (1+o7)Yg

: 1 1 -1
Therefore,YS = R %~ + IWE?’ . (24)
We know that,

Sttt/

Therefore kjﬁ i ' | )
R (78 ;- (85)

3., See Appendix C-
4, See Appendix RJIIT,IV,and V.
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But /\’i:%YS
Therefore,

/27

/ T

K = —
= 2 i+6")
¢ /Ty At

D
- 1
/22§1+o—) '1 L B 1 /2

% / B iwy |

/E_ + _E__.>1/2'

:él AL (1 iwy

Since W is less than unlt‘y
x = & /L

e . B " 5
_The higher powers of T are neglected as lT_W‘Z) <1

Therefore,
k=t /T L, .. (@)

i
>}
Vs
Mq
o
3
O TR
of =
|
N
|._k
i}

where,

1t

f = Rlz| denotes the real part of z.

Therefore,

q=§'_/-2-\fl_7 oo (27)
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Similarly,

Taking real part,

-2 /L TP . (28)
AL .

From (27) and (28) we see that these values are
same as for elastic case. Therzfore the values of
U/UO, U/Wo, W/Wo, U/W,AT; gnd T; will remain same
as have been obtained for elastic ase.

From (26), the velocity of Rayleigh wave is
obtained as, |

N
w5 /7 .. (29)

Rle| LA
This equation indicates that dispersion does not occur

even the melia is made of maxwell solid.

The imaginary part of (26) gives the attenuat-
ion which indicates that attenuation depends upon the
ratio ofgli.e. the ratio of spring constant to the

Adashpot constant.

RAYLEIGH WAVE IN VOIGT SOLID

From equation (2-3 ), for Volgt solii,

YT = (E +iww

Therefore,

_ 2
Y, = I?5~(E+1W2»
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Therefore,
-y I - @ o)
”f Y, ~§ /B + 1wy
or x =X //2 1t (Bmiw?d )
T < By
=% AP TIZE " (o _ in1/2
E2+W2 )2 E -
For Voigh solid %< 1
Therefore, . |
=w /2P (1+o) 1 ciwg
k jf —/ 3v5 (1- 5 fﬁ“i)> .. (30)
> T E(1+ E)
E

the higher powers of lgqjhave been negleoted

The phase velocity of Ravleigh wave is thus,

‘a>g

VR = R]k} f/ 2 (1+o- }0<1+ —-...-2-

or VR—E/W _/1+4"d<“’> .. (31)
Equation (31) is solved®for given values of f? and

Y /& with time period varying from 0.0 to' 1 sec.

at an interval of 0.1 sec. Hence, we obtain a graph

between Vk and Time period for a fixed value of

Poisson's ratio and for E/ﬁ)varying from 20 to 100

5. Results in Appendix C- and computer programme in
Appendix B~VII
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with an‘increment'of 20, Similar results are

obtained for different values of Poisson's ratio.
|See Pig.8 and 9(Appendix A)].
' Rewriting equation (30); taking real part

only,
o= W /2f (l+a
f - E(1+W ) )
E
v /7 /i
T/ 2
~g alie .—/ 1+ %élﬁ_
- &8 Sy ‘
R S e (32)
Therefore,
q = i']{ / 1 Zuz —//1—_ 72_52 . (33)
-~ 14+ W_._..z__ p)
B
2T e :
and S = == 1 ——
L ———n— ¢ .. (34)
E

Therefore,

U= [o79 3 o Se

k™45

Sil’l (W't-—kX) e (55)

2
and W o= .Aqle”9® - _%g_"e—Sz

k7487

cos (wh-kx) oo (36)

Y

value of U and W at z=0

or s = Ak‘l - ;%i%g' | | .. (37) |

UO and Wb

=
1



=40

and .
2k2
o L .. (38)

Wy = —Aq’l—
k45

From (35), (36), (37), and (38),U/UO, w/wo, u/w
is calculated for a particular value of Poisson's

ratio, which gives values of v and'g, and for a

o’

particular value of (Wép) with % varying from O to

2.00 with an increment of 0,1. Similar sets are

W

obtained for different values of g-and = A prog-

ram®is written to compute the values.|see Appendix B-

ani results are plotted|See Fig. 10,11,12 (Appendix A)].
LOVE WAVES |

Blastic Solid.

Eqn. (3-26) gives the equation for Love waves

in elastic solid.

Rewriting the equation, we have

| .
/}:/ - gg - My, / 92-- 1 tan(kH1 VKCZ/Bi)—l =0

B
B1
.. (39)
In order to calculate the displacement V,
) /|
V = (0] exp (_ikz_/ S -1 )) +{Fy exp (ikz_/ s _1)§
SO
exp|i (wh-kx) (40)
Let ~V, De the displacement at z=0
v, = (01+F1) exp |1 (wt-kx) | e (41)
6. Appendix B-VI (05 b4y
7. Appendix C- kWAL APV INVECSITY 0 o7 2

HOONIKEE,
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Thérefofe,.
C
v . 21 /@
AT exn@ikz / -g -1)
+ Ll—b‘—u,Xp(ikZ T8y~ 1) ..o (42)
C, 8y J/ B? o

From equation|3- |

L S -+ (45)
Therefore, by componendo and dividendo,
01 ) cosHS¢-1sinH S,
C1+F1 ZCOS}:{lSl
=z - 5 itanH§, | .. (44)
Similarly,
£_~ ) CosHySq+isintySy
Cl+F1 2COSH181
= % + % itenHyS, .. (45)
Taking real part of V/V,, we have;
—r— —
%- = cos (kz //—_ ~1)-tan Hlsqsln kz / 2 -1)
© 51 » B1
o - z S B
or T cos (27 £ //ég-—l) %an(Zn 1 // c? 1)
- By By
sin(@n —% //~9§ 1) .. (46)
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Equation (46) is solved for a particular
value of ¢/Bq and H1/I and for different values of
z/L. Similar sets are obtained by varying first the

ratio ¢/p; and then the ratio Hy/L.

Computer programmegis written to compute

the values |see Appendix B }{and'resultsgqare
obtained and plotted|see fig. 13,14,15,16,17 -App.4A

Anelastic Case

Tet us take the case when overlying media 1is
anelastic. Let us call it as media Mo with a layer
thickness Ho. Love wave equation for such a case is
obtained by using Kkz in place of%}l, Bo 1n place of
B, and Hg in place of Hy in equation (39). Therefore,
we obtain,

5 ,_’-2' 1 C ’

ﬂéf/ 1-gg'- = Yq Wan -1 tan(kﬁg // % 1) =0
8 Bs - 2
| P2
1
A = =
beoausef@ ) 5 Yg | o (a7)
W =
Now YS m

where, Yp 18 the complex modull for anelastic medium.

Maxwell Solid

fihen Mp is maxwell solid,

_ /1 1 -1
YT = (ﬁ + -————-*-'-iw ) ) ‘
therefore, v
_ _B E -1
Y, oy (1+ Iﬁ?j) .. (48)

8., Appendix B-II
9. Appendix C-
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and when My 1is Voigt solid,

= o Llwy
YS m(l*' E) | ] .o

Equation (47) becomes, for Voigt solid,

(49)

/// 1- 92- 717—)(1 Ly /:’"""I ankT, /é—% 1) =0
. .. (50)
and for maxwell solid, )
//‘_/ 2% (1+ -ﬁ;—) )‘1_//%“:; 'tan kHz-//BE—g-_—ll
= 0
.o (B1)

Equation (50) and (51) represent Love wave in Voigt

and Mexwell solid respectively.
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CHAPTER VI

RESULTS AND CONCLUS ION

The study made so far relates to both
Rayleigh and Love wéves. Speeial attention has
been given to visualise the variation -of horizontal
and vertical éqmponents of the amplitude of dis=
placement w&th iespeot to depth when the media

is i) elastic and ii) anelastic,

Ravleigh Wave

The théory of Rayleigh waves wés first given
by Tord Rayleigh in 1887, He showed that the free
- surface bf an elastic homogeneous mediﬁm can support
a -disturbance involving displacemehts in a vertical
plane along the direction of propagation in the form
of a retrograde ellipse and propagating with a vel-
ocity which was about 0.9 times the shear wave
velocity in that medium. The theory was extended by
Various other authors to cover the cases of layered
semi-infinite media, The results indicatebthat in all
but the simplest case assumed by Lerd Rayleigh,

these waves suffered dispersion.

For the elastic case the following numerical

results have been-ebtained for Rayleigh waves.
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1.-Reduction of Ravleigh wave equation into

a simple form.

2. Variation of horigontal and vertical -
components of displacement with reference to

depth |U/U, vs. z/L}.

3. Variation of the ratic of horigontal
to vertical components of displacements with respect

to depth,

The Rayleigh wave equatlon which is
a sixth degree equation in ¢/B, is reduced to
two simple equations for 0<¥<.4 and .4<M<.7.
Since y? is purely a function of Poisson's ratio even
for the anelastic case, given’7 for a particular
value of g— , the values offf can be obtained which

give values'oorrect upto three decimal places.

From figure 1 it is observad that C/B varies
directly with Peisson's ratioc. c¢/B lncreases with
increase in Poisson's ratio whereasf)=v6/d decreases

with increase in Peisscn's ratio.

It is observed from the plot of U/U, vs z/L
|Fig., 5 App.A| that the horizontal component of the
| displacement initialiy decreases with increase in
depth and then attains a negative value. At 2=0.4T,
the direction is reversed and approaches zero as 7
increases further. It is also'obsérved that the rate
of change of amplitude increases with increase in-

the Peisson's ratio. Beyond 7Z=1.5 L the amplitude



~46-

is negligible.

The plot of W/W, vs 2/L |Fig.7 Appendix Al
indicates that the vertical component first
increases with increase in depth and thereafter
it decreases rapidly and approaches zero at about
Zz=2.,00 L., Also the initial increase in amplitude
increases with increase in Peisson's ratio, i.e,
with increase in the Rayleigh wave velocity the _

amplitude ihcreases upto a depth given by 7=0.1L.

From Fig. 2 (App.A) it is clear that rate of
ohanée of amplitude deoreases-with increase in the
'Poisson's ratio, i.e. with increase in phase velacity,
the amplifude.gradient decreases. One very remarkable
point to note is that for ﬁearly all the values of
Poisson's ratio , the amplitude is the same at 2=0.1
times the wave length, irrespectivé of the initial
amplitude. Tﬁe horizontal components changes sign
between 7=0.15 and %=0.25 times the wave 1ength and
increase rapidly with increase in depth upto Z=.4L;

thereafter they gradually decrease approaching zero.

From Fig.4 (App.A) it is observed thatvthe
ratio of the horizontal and vertical component
decreases with increase in the Poisson's ratio, This'
ratio becomes negative for 7>0.15 but negative values
are nearly equal for O.4<Z/L<O.é and thereafter the

gradient decreases with increase in Poisson's ratio.

Analysis and computation have been carried
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out for anelastic media also represented in
particular by the Maxwell and Voigt solids.
The results indicate that there occurs no change
for Maxwell s31id so far as the variation of hori-
zontal and vertical components of displacements are
concerned but the attenuation becomesvdependent on

freguency.

Por Voigt solid from fig. (8) and (9) |App.Al .
it is observed that the phase velocity is dependent
upon values of E/qp far a fixed value of Poisson's
ratio, The rate of change of velocity with frequéncy
increases with increase in E/yy. Also the velocity

increases with increase in Poisson's ratio,

So far as the variation of vertical and
horizontal components is concerned, it is of the
same nature as for the elastic case.From Fig.12 [App.A|
U/W increases with decrease in depth. For all the
values of Poisson's ratio, which have been tried,

U/W attains a negative equal value at about Z7=0.4L.

LOVE WAVES

The study of Love waves here represents
the varlietion of amplitude with respect to depth
|See Pig. (13 to 18) Appendix A|. Then the averlying
layer is elastic and homegeneous, the variation
depends upon the value of ¢/8 i.e., the amplitude

increases with increase in the value of ¢/B. Since
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for Tove wave to exist y B<C<Bl, a number of curves

have been plotted for differsnt values of the layer

thickness.

The following observations are made,
i) With incréase in ¢/B the amplitude of

the displacement increases.

i1) The total number of nodal plane
increases with increase in fhe laYer

thickness.

1i1) The Love wave equation shows that phase
velocity is dependent on the particular
value of k, so that in the preseht boundafy
conditions, there will be dispersion of
a general wave forﬁ. it is seen from the
equation that if k 1is small, c approaches
B i.e. the velocity of the l~nger Love
waves approach the velocilty éf S Bodily
waves in M, Alse if k is large, ¢ tends
to B4 i.e. the velocities of very short
waves approgch the velocity of S bo@ily'
waves in the uppér medium Ml‘ |

When the upper medium is anelastic,

the %k Dbecomes complex and the variatisn
of amplitude of displacement depends on‘

its real paxrt.
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FIG.2. RAYLEIGH WAVE IN ELASTIC MEDIA FOR
DIFFERENT VALUES OF POISSONS RATIO
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DIFFERENT VALUES OF POISSONS RATIO
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FIG.6 _RAYLEIGH WAVE IN ELASTIC MEDIA FOR
DIFFERENT VALUES OF POISSONS RATIO
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202

26

RAYLFIGH WAVE SIGMA FTA ZY PLOT
P1=3,1415926 °

S1=0, :
P=SQRTF((16=SI-SI)/(2e=ST~511)
Q=P*P $ DIT=(PI/3s)%20 F TA=10/30
A=164%(1o=0) ‘
Rze{24,-16%03 /3,

C=Ro/3s % D=l ,

HzA¥CmB*R
STARARDSB L HAKRRKCHD o (BXH*T)
E=G*G/4a+H%%3

IF(EY20 420421 '

FeesG/ (2% SORTF (=H#%21))
IF(1e+F)22422523

R=({leaF)/{1e+F)

ZA=2,%SQRTF (~H)

S=SQRTF(R])

TH=2,%ATANF (S & THT=TH/3a

GO TO 50

TH= PT  §  ZA=2 #*SQRTF{=H) £ THT=TH/3,
Z12COSFITHTY®ZA

2327 p#COSFATHT=PIT)

22 =Z2A% COSF(PIT+THT)
X1=(21~B)/"

X2=(22=2)/A
X3=(7Z3=R)/A '

IF(X1)24424425

XA=SORTF(X1)

ZX=1 c/xA

PUNCH 20CsS514sZXsP

FORMAT(5X s3HSI=sF10e3s3HZX=eF15:542HP=sF15,5)
GO TO 51 :

PUNCH 201.:CsX1
FORMAT(BX s 2HO=sF 10623 s3HX1=eF15a4)
IF(X2)26s26427

XR=SQRTF (X2)

ZY¥=14,/XE

PUNCH 2024S1sZY 4P .
FORMAT(5Xs3HSTI=3F1062393HZY=sF15,5+2HP=9F15,5)
GO TO 52

PUNCH 2034Q4X2

COMNT L



[ I8
e
T

203

[~

-

29

204

20¢

30
207
53

FORMAT(S5Xa2HQ=9F1003s3HX2=3F150s4)
IF (X3)284528,26C

XC=SQRTF(X3)

272=1./XC

PUNCH 2044,S51+722Z 4P

FORMAT(5X s3HST=sF10,393HZ7=3F150592HP=0F1565)

GO TO 52

PUNCH 205,Q0sX3
FORMAT(5X s2HO=9sF 1063 s3HX3=9F154:4)
GO TO 53

T=SQRTF(E)

TT=20,5%3

U=TT+7

VaTT=T .

ZeUk* TA+V®¥TA

X=(Z=B)/A & XX=X
IF{(X)30:30,31

XR=SORTF{X)

ZR=14/XR

PUNCH 2C6+SIsZR 5P
FORMAT{5Xs3HSI=sF10a353HZR
GO TO 53

PUNCH 207:Q¢XX
FORMAT(EX s2HQ=9F 1063 s 3HXX=aF15:4)
SI=51+,05 !

IF(SI=05132933,32

STOP

END

|4

sF 1565 42HP=sF15.5)



¢ C LOVE WAVE PROPAGATION ELASTIC SCLID
PI1=361415926 % TPI=2,%P1

23 READ 10T sHL oAL

1¢C FORMAT(2F12.3)
. ﬁ=1o1<

22 =0

B=SQRTF (AXfim]o)#TH]
AA=COSF (HL*D)
AC=1o/(AARAN)
C=SORTF(AD~14)

20 RR=CCSF(B*ZL)
G=SINFID®ZL)
VVO=RR+C#G

PUMNCH 2.:00ZLsVVOeAsHL
ZL=ZL+A]
IF(ZL-HL)Y20e20521

21 A=A+o1
IF(L=1051229220273

2G0 FORMAT(EBX oa3H2L=sF 1003 95X s 4HYVO= oF 1063 95X 93HCH=9F 50395 XsF5c75 .

) . END

10,00 1.00

20.0C 2.C0C

30,00 300

50,20 5.CC

10040C 1Cal2

c C RAYLEIGH HAVE PRUPAGATION MAXVELSCLID ZL VU wiD Z1

ETA 31
21 READ 1C2s SIe ZIs FTA
100 FCRMATIBXaF100393XsF15,542XsF1565) -

ZL=0o 3 PI=2,1415926 S TPI=PI+PI
A=SQRTF(1o=-FTARETARZI*Z1)
R=SORTF(le~21%21)

20 C=EXPF(-A®ZL*TPI)
N2 #p%P/(2e~21%21)
E=EXPF(=-ExZL*TPI)
HUO=(C~D%5 )/ (1e=D)
F=Zv/(2o“ZI*ZI)
VD2 {C=FH#E) /{1a=F)
PUNCH20 o ZL s UUC o1/ D 9 Z gy FT A9 S1I

200 FOPMAT(2AF 17 6%95X+3F10e%)

ZL=ZL+4o1

IF(ZL=2.1)20921s21 ,

STCP .

END
Si= Qe0NIZX= ' o BT4(3P= » 70711
Sl= 050 ZX= e88369P= 0 685Z5
Sl= o 1CC2ZX= 0 83%311P= o HEOET
Sl= «15CZX= _ 090222P= «64169
SI= o200 X= 291100P= 061237
Sl= 025072 %= 091940P= C e BTT7ED
Sl= «300C2R= 022741P= oD3452
Sl= 035U 2ZR= 0 03501P= 048035
Si= o 4OCZR= 0 04220P= e 022
Sl= 245 L ZR= 0 D482 4P= « 20151



c C RAYLEIGH WAVE PROPAGATION MAXVELSOLID UwW=ZL  PLOT

21 READ 100s STs ZI. ETA )

100 FORMAT(8XoF1062393XsF15,502XsF1545)
ZL=0, % PI=3,1415926 $ TRI=PI+PI
A=SQRTF(1e=ETAXETARZI*ZT)

: R=SQORTF(1.=Z1I%21)

20 C=EXPF (=A%ZL*TPI)

D2 o ¥A¥B/ (26=Z1%21)
E=EXPF (=B*%ZL%¥TPI)
F=20/(2=Z1%Z1)
UW=(CWD®E ) / (A*(F¥E~CY)
PUNCH 201+sZLsUWsSI

201 © FORMAT(5XsF106595X3F10.5+5XsF10,5)

ZL=Z21L+s1

IF(ZL®2,11204521521

STOP

END
Sl= 0.000ZX= s BT403P= W 70711
ST= 0 0507ZX= 0 38369Px ~HB825
Sl= 0 100ZX= ©89311P= CcHBEET
Sl= e1502X= s 90222P= 064167
SI= »200ZX= e91100pP= 061237
Si= 2 2502X= s 0166 0p= e 57735
51= 03007ZR= . e92741P= T 853452
SI: OBSOZR: 09350153': s 480328
SI= c40CZR= e 94220P= o L0825
SI= c45CZR= e S4BTEPE « 30151



C C RAYLEIGH WAVE PROPAGATION TX TZ VS. ZL PLOT
' PI=3,1410C42¢ & TP=PI+P]

21 READLICC 98I e Z1oFTA _
100 FORMATIBH sF1 03 95X eaF 1565 02XsF1%65)

ZL=0o
22=21%21 :
A=SQRTF( 1o=ETARETARZZ)
CN=SQRTF(le=Z22)

C=26/(2e=~22)

29 D=EXPF(=A%ZL+TP)
C=EXPF{-B#ZL*TP)
FeCxAxl
TZ==C+CHE
TX=D=FxE
PUNCHZ2T T ¢ ZL s TZoTY ST o241 4CTA

200 FCRUATIY 3F1lla395F1265)

’ WHO= (CHE-DY/{C~1,)

UMD =2TX/ (A% (C=14))
PUNCH20 1, ZL + MW C o U0 o 51

201 FORVATIBHZL=9F 10629 3HWO= 3 F 1505 93HUCT 2710659 3HET2,F 15,5 )
ZL=Z{ +e 1 .
IF{ZL=2:11209214621
STCP ' !

b

<
38

END -
Si= GelULUEX= o B74G3P= o D711
Sl= 0B INX= « B833AGP= 00825
Si= o1 ZX= 23221 1P= 2 6H4567
Sl= 157 ZX= e GGR22P=. cBL1ED
Sl= 2002 X= eC11l00P= w1237
Si= 025 UZX= 0 Q1G40P= 57735
SI= e 300ZR= 0 C2741P= n53452
1= 0350 ZR= 0 O3501F= o &5038
Si= 40O ZR= 0 FL4220P= G'LFO{}Z?)
Si= cUS{ZR= 0 9NHLO06P= e 50151
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"G 158

RAYLEIGH WAVE PRCPACATION VOIGT 30LID
REAZD 1CUsSYsETASZIWWEN

FORMATILF1505)

ZL=0e & PI=2o1£16226 & TPI=PI+PI
A=SORTF(1e~ETARETARZINZT)
P=80RTF(le~2I®21)

R=yfFNEWEN

S=SCRTFl1e/(1e+R 1))
C=EXPF(=A%Z2L*TPI%5)

D=2 #A%R/(2=21%21)

E=sEXPF{=D#ZL*TPI*S5)

Fe2e/{2=Z21%#21)

UUO= (=D )1/ (1o-0)

VO=(C~=F*E) /(1 s~F)

U= (C=D*E) /(L% (FeF=C) )

PUMCH2TZ o ZL sUUC o v T o U

FORMAT{4F1Cab5 s

ZL=ZL+o1

IF(ZL=2,1)20621621

STOP

u%?

aC o TOT711 0827403
[ e68825 ) Je

Goa&BA6T De5%31

300 Oeleln169 DaGR222

22 1sETASI
Xe3F1065)

0620000
0e285CC0H
Ne 30000

Ce3500
0643030
Go&50C0

Cob1237
De57735
0053Q52
0648038
5.40825
0302151

Ce%116GC
Ne91940
NeQ2741

003522
Q%4220
GhHENE

~
Ve

0-10000C
Ue 20LC0

Oo3b000
Oo&tCCD
NeH50CO0G

0.60000

Oo?OCCJ



¢ C RAYLIIGH WAVE TISPERSICH
P1=3s1415C74
22 A 104 .21
100 FORIATIF1INW5)
En=2C. ‘
23 T=.-v1;.. 4 ‘
20 «=f4qﬁPI*PI)/(T*T*EH*EN)
E=SORTF{1e+2)
VR=ZT#%
S PUNCH2G 9VR T ,
2CO FORVATE S5XoFl0e5s5XsF1lCeh)
T=T+o1
IF(T=1e1)20 921921
21 FM=CP+20,
' IF(FEMN=1C0o)23923»22
EHD o
cBR369 '
oQﬂZZZ
091947
093501
e 94826



APPENDIXeseC
1
¢ C WAVE PROPAGATION Z KeGeBHATIA 4,110,468

Sl= 0.000ZX= «87403P=x 70711
Sl= +0502X= «88369P= +68825
Si=s +100ZX= «89311P= e 66667
Sl= ¢1502X= «90222P= 064169
Sle «2002Xs ‘ «91100P= «61237
Si= e2502ZX= ¢e91940P= e57735
Si= +3002ZR= ¢92T741P= e53452
Sl= «3502ZR= «93501P= +48038
Sl= «4002R= «94220P= e 40825
Sl= +450ZR= «94896P= «30151



C

C RAYLEIGH WAVE PROPAGATION MAXVELSOLID KeGeBHATIA

2

—

-

000000
«10000
¢ 20000
+ 30000
+ 40000
50000
« 60000
¢ 10000
+BO0OOO
« 90000

100000

1.10000

1,20000

130000

1.,40000

1,50000

1460000

1.70000

180000

190000

200000

000000
« 10000
¢ 20000
¢ 30000
+ 40000

« 50000

« 60000
+ 70000
e 80000
« 920000
1. 00000
110000
120000
130000
1,40000
1450000

1.60000

1,70000
180000
190000
2400000
000000
+10000
¢« 20000
« 30000
« 40000
« 50000
« 60000
« 70000

v
Vo

1.00000
«40519 .

«09617
~e05265
-~011417
-+13013
-e12396
-¢10847
~o06038
‘007298
- 05767
-o04487
-e03452
-e02632
-~e01994
-«01502
‘091127
- 400843
-¢00628
“q99468
-« 00347
1.00000

39199
.a0T7761
~o07243

~«13309 "

~e14722
~e13888
~212121
~910109
~408187
~e06498

~+05083

-~+03934
~e03021
~402305
~e01750
“-o01324
~ 400999

~ 00752 .

-~ ¢00565
“000424
100000
37727
05711
-~ 409414

"015377

”.16590
~e15523

~e13522

s

We
100000
«94193
«81923
« 68004
54771
o 83204
33572
025799
019657
« 14880¢
«11206
« 08404
206283
+ 04685
« 03485
+ 02589
«01920
«01423
+01053
«00779
« 00576
1.00000
+ 96050
¢ 84652
e71023
+57749
045963
236030
¢ 27930
021469
« 16397
«12461
« 09433
«07119
e 05359
«04026
«03021
e02263
«+01694
«01267

«00947

« 00707
1.00000

+58015
eB87546
e T4239

+60939.

« 48940
« 38705
«30270

APPENDIXeeoC
g {eee

p3

«87403
«B8T7403
+B7403
87403
« 87403
e 874073
«876403
«87403
o 87403
+B87403
« 87403
87403
o 87403
« 87403
«B87403
«87403
+87603
«87403
«B7403
087403
«B874073
«B88369
288369
«B88369
«8B369
+88369
+88369
+B8369
+ 88369
« 88369
+88369
«88369
+ 88369
+B8369
«88369
«88369
+ 88369
« 88369
« 88369
« 88369
« 88369
« 88369
89311
+89311
«89311
«89311
289311
«89311
e89311
«89311

!

e70711
¢ 70711
e 70711
+ 70711
¢ 70711
e 70711
e 70711
e 70711
s 70711
« 70711
«T0711
« 70711

« 70711

« 70711
+ 70711
270711
e 70711
¢ 70711
« 70711
70711
s 70711
«68825
«68825
« 568825
+ 68825
« 58825
« 68825
«68825
« 68825
«68825%
« 68825
+ 568825
«68825
« 68825
«68825
+ 68825
«68825
268825
« 68825
+ 68825
«688265
«68825
« 566867
66667
« 66667
56667
s 66667
066667
« 66667
« 66667

o

000000
0400000
0.00000
e 00000
0.00000
0400000
0.00000
0e00000
Ce Q0000
0« 00000
000000
0400000
G« 00000
0400000
G« 00000
000000
000000
0«0000C
0400000
0«00000C
0400000
« 05000
« 05000
«05000
« 05000
« 05000
« 05000
«05000
« 05000
« 05000
+05000
+ 05000
«05000
« 05000
«05000
«05000

- «05000

«05000
«05000
« 05000
«05000
«05000
« 10000
+10000
« 10000
«10000
« 10000
+ 10000
« 10000
«10000

(CONTDeoe



« 80000

« 90000
1.00000
1.10000
120000
1430000
1.40000
1.50000
160000
170000
1.80000
1490000
200000
0400000

« 10000

« 20000

«30000

¢ 40000

+50000

« 60000

« 70000

« 80000

« 90000
1.00000
1100060
1620000
1430000
1640000
1450000
160000
1. 7CG000
1.80000
190000
200000
000000

« 10000

+ 20000

¢« 30000

« 40000

+50000

60000

« 70000

« 80000

« 90000
1400000
110000
1420000
130000
1440000
150000
1.60000
170000
1.80000
190000
200000

-¢11292

~+00176
~e07317
'005757
-,04Q86
'003469
~e02668
“.02043
“901560
“001187
~ 00902
~ 00684
~+00518
1006000

«36086

«03450
“011790
“017631
-e18622
-¢17303
‘015054
~¢12594
~e10271
~o08233
~ 206518
-+05114
~¢039856
~-+03091
~+02388
~«01840
~e01414
- +01085
“006832
-000637
1.00G00

034260

« 00964
-¢14380
*023976
-+20823
"19234
~el16722
-~e14020
~e11481
-¢09254
~e07374
-005830
~ 04581
~o03584
- 602795
-~ 02174
”001688
-+01309
-¢01014
- 900784

«23478

«18097

13882
010609
«08085
e 06147
e 04666
«03536
002677
«02025
+01531
« 01156
000873
1.00000
100089
+90605
e 77650
«64342
052139
e41601
«32828
025696
219992
e15484
«11950
«09199
007066
005419
004151
« 03177
«02429
+01857
«01418
«01083
100000
1402279
«93836
281264
067966
«55570
44736
035623
028144
«22107

«17290.

13480
«10484
+08139
006309
« 04886
203781
« 02924

02260
001746

201349

~ «89311

« 89311
89311
«89311
«89311
« 89311
«89311
»89311
«89311
e89311
«89311
e89311
e89311
»90222
050222
e90222
090222
«90222
«90222
«90222
090222
+90222
90222
090222
090222
090222
090222
«90222
090222
«90222
80222
«90222
090222

»390222

« 91100
«91100
«91100
091100
«91100
091100
091100
¢91100
e91100
«91100
«91200
91100
91100
+91100
«e91100
«91100
+91100
«91100
e91100
091100
«91100

66667
«56667
« 66667
066667
566667
« 66667
66667
e 66667
266667
« 66667
056667
066667
066667
«54169
064169
e564169
«64169
064169
64169
064169
«54169

«64169
«64169

e 64169
064169
« 64169
$64169
«84169
«54169
« 64169
«54169
+64169
064169
«64169
061237
«61237
«61237
061237
061237
«61237
«61237
«61237
«51237
w61237
«561237
«61237
«61237
61237
e61237
261237
261237
«61237
«61237
«61237
«61237

« 10000

« 10000
« 10000
«10000
«100Q0
+ 10000
« 10000
« 10000
«10000
« 10000
« 10000
« 10000

«10000

215000
« 15000
«15000
¢ 15000
¢ 15000
« 15000
« 15000
« 15000
¢ 15000
«15000
¢ 15000
« 15000
«15000
¢ 15000
« 15000
« 15000
«+15000

¢ 15000 -

« 15000
» 15000
« 15000
« 20000
« 20000
« 20000

"« 20000

+ 20000
« 20000
20000
» 20000
» 200060
« 20000
« 20000
» 20000
¢ 20000
« 20000
¢ 20000
* 20000
« 20000
« 20000
« 20000
« 20000
« 20000
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0400000
0 100CO00
« 20000
¢ 30000
240000
« 50000
+ 60000
« 70000
« 80000
« 90000

1.00000

1.10000

120000

130000

140000

1.50000

160000

170000

1,80000

1,90000

200000

0«00000
« 10000
« 20000
¢ 30000
« 40000
+ 50000
« 60000
» 70G0OG
« 80000
« 90000

1,00000

110000

1.20000C

1,30000

1640060

1.50000

160000

1670000

180000

1490000

2400000

000000
+« 10000
» 20000
» 30000
+ 40000
« 50000
« 60000
« 70000
« 80000
« 90000

1,00000

1.10000

1,20000C

1,00000

032227
- o01766
~e17195
-~e22T16
~e23194
“021316
~el8528
~¢15575
-el12812
-~¢10387
~+08336
~e06642
~¢05265
- 04157
“003273
“002572
~¢02018
~e01582
~e(01238
~o00969
1,060C0

029965
~-e04757
- 020243
“p25554
- 25736
*Q23552
~ 920478
~e17265
~e14273
~e11645
~¢09416
-e07565
~ 906651
~«04824
~+03837
~e03047
”'02417

-¢01915

~e01517
~«01201]
1.000¢0

027446
~-+08030
-e23535
-e28593
-oe28449
~e25943
-022572
- 019097
“015872
—~e13038
~-e10626
-e0B8613

1.000060
104591
097241
«B85080
¢71811
e59235
48113
¢38663
«30B35
e 24457
+19321
¢15220
«11963
« 03388
«07358
«05763
e 04510
«03528
+ 02758
002156
«01685
1,00000
107035
1.,0082¢
+89105
o 75886
e631486
«51748
41969
+33792
027070
021607
«17201
013667
10845
‘'« 08597
+D6810
«05391
« 04266
203376
e 02670
«02112

" 1400000

1609622
1.04609
«93345
«80193
« 67309
+55653
e 45556
«37039
029972
e24175
219454
«15630

291940

+91940
«91940
« 91940
e91940
091940
91940
« 91940
«91940
¢91940
¢91940
291940
e 21940
91940
« 91940
«91940
« 31940
091940
91940
291940
091940
«e92741
«92741
252741
092741

092741

«92741
«92741
+22741
092741
092741
092741
92741
«92741
92741
«92741
«92741
«92741
«92741
e 92741
292741
«92741
«93501
«923501
93501
«93501
«93501
«93501
«93501
«93501
«93501
093501
293501
«93501
«93501

«57735
«57735

oHTT135
«57735
+57735
«57735
«57735
«5T735
+ 57735
«5TT38
«57735
«e5T7735%
«e5T7735
e 57735
«57735
«e57735
57735
¢e57735

«BHTT735
«5773%

«57735

«53452
053§ﬁ2_}

53452
«53452

. ¢53452

+53452
+53452
+53452
e53452
«53452
53452
«534582
¢e53452
«53452
53452
«53452
«53452
e 53452

e53452-

e53452
53452
+ 48038
+ 48038
¢48038
+48038
« 48038
048038
« 48038
¢48038
¢48038
«48038
e48038
248038
« 48038

25000
¢ 25000
e 25000
¢ 25000
¢ 25000
25000
+ 25000
¢ 25000
#25000
25000
25000
025000
« 25000
¢ 25000
2 25000
¢« 25000
« 25000
225000
25000
« 25000
+ 25000
«306000
« 30000
« 30000
« 30000
« 30000
« 30000
+« 30000
« 30060
30000
« 30000
# 30000
« 30000
¢ 30000
« 30000
« 300600

- «30000

+30000
« 30000
« 30000
« 30000
¢ 30000
«35000
¢ 35000
¢ 35000
«35000
« 35000

35000

« 35000
« 35000
« 35000
¢ 35000
«35000
35000
35000
(CONTD e e«



1.30000

140000
150000
160000
1,70000
1. 80000
1,90000
2600000
000000
« 10000
« 20600
30000
« 40000
«50000
« 60000
« 70000
+ 80000
« 90000
1. 00000
1610000
1. 20000
130000
1,40000
1650000
160000
1. 70000
1.,80000
1490000
2000060
Q00000
« 10000
+ 200600
« 30000
« 40000
¢ 56000
« 60000
« 80000
« 906000
1.00000
1,100060
120000
1. 30000
1.40000
1450000
160000
1, 70000
1,80000
190000
2400000

"006955
-¢05601
- ¢04503
~-¢03615
- 402900
~e02324
~201862
« 401491
1.000090

24639
~¢11605
~e27077
~e31833
-.31331
-e28486
~e24815
~e21077
-e17620
-e14580
~¢11983
-« 09804
-+ 07996
~e06508
“005290
“004295
-+03485
~+02826
-e02291
“001857
1.00000

021493
~e15522
-+30888
-~e35280
~¢34384
~e31185
-e27213
‘023216
~e19532
~216289
«~e¢13508
~e11160
~«09198
~e07569
-e06221
~ 05110
~e04195
~e03443
-402318

0125843
«10058
+08060
+ 06457
«05171
+ 04140
«03315
«02653
1.00000
1.12371
108594
«97809
«84745

e 71739

«59846
+49451
« 408604
33199
«27066
e22023
+17895
«14528
11787
« 09558
« 07749
«06281
« 05090
« 04125
+03342
1.00000
l.15299
1412796
1,02500
« 89541
e 16438
64337
253669
«446513
«36780
¢30316
024947
« 20506
16844
«13829
«11351
« 09314
« 07642
«06269
«05143
«04219

OEVISED COHESION AND SURCHARGE FACTOR
ERROR IN-1 IN STATEMENT 0021 + 00 LINES

«93501
¢93501
¢93801
«93501
«e93501
293501
«93501
¢93501
094220
094220
«94220
«94220
094220
«94220
094220
094220
094220
094220
094220
e 94220
094220
094220
094220
094220
94220
094220
094220
e94220
«242290
e 94896
e 94896
« 94896

94896

094896
¢ 94896
094896
« 94896
e 94896
094896
094896
¢ 94896
094896
94896
094896
094896
94896
94896

«94896

094896
94896
SWAMI

+ 48038
¢48038
¢48038
«+48038
«48038
« 48038
+»48038
+48038
» 40825
240825
«40825
+ 40825
«40825
040825
040825
40825
+ 40825
40825
e 40825
« 40825
e 40825
e 40825
240825
« 40825
040825
« 40825
« 40825
«40825
«40825
«30151
«30151
« 30151
«30151
«30151
«30151
«30151
«30151
«30151
« 30151
30151
«30151
e30151
«30151
30151
230151
«30151
«30151
«30151
«30151
«30151
SARAN

+ 35000
+«35000
¢ 35000
+35000
« 35000
«35000
«35000
« 35000
«40000
« 40000
«40000
« 40000
«40000
« 40000
«40000
+ 40000
« 40000
« 40000
« 40000
«40000
« 40000
« 40000
» 40000
« 40000
+ 40000
«40000
« 40000
e 40000
« 40000
« 45000
« 45000
« 45000
«45000
45000
« 45000
« 45000
+ 45000
«45000
« 45000
« 45000
¢ 45000
« 45000
+45000
«45000
«45000
« 45000
« 45000
« 45000
« 45000
« 45000
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0,00000 + 78615
+» 10000 «33818
¢ 20000 209229
« 30000 ~206086
040000 “016387
«50000 ~e23678
«60000 ~e29026
« 70000 ~233054
« 80000 ~236148
+ 90000 ~e3B8559
1009090 “040462
1.10006G -~ 1976
1420000 ~243191
130000 -~oB41T71
1440000 ~a 44965
150000 ~el5612
1.6G000 ~s46139
170000 ~s565T71
1.,80000 ~eH6925
1990300 “147216
22 G00U0 e 7455
0., 00000 276789
« 10000 +31338
« 20000 «CT040
s 30000 -“sT832
« 40000 ~s17697
« 50660 - 24596
« 60000 «929600
« T000C ~e33327
* 80000 «~e36157
« 90000 ~s38339
1.060000 - 40040
1,19000 ~e41378
120000 ~e42438
1430000 -e43283
1. 40000 “gh3959
150000 ~e 44501
1460000 ~e44938
1478000 ~e45291
180000 “o4t5576
190000 ~s 458086
2.00000 “.45994
Qs 0000GC 274828
e 10000 228802
« 20000 « 04881
« 36000 ~e (9489
« 400GG0 ~918882
+ 50000 ~225365
060000 -¢30010
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0400000

000000
000000
0400000
04000600
Q400000
0400000
0400000
0400000
0+00000
Q«00000
Ce00000
0060000
0,00000
0.00000
04000600
000000
000000
0400000
0400000

+ 05000

« 05000

«05000

«05000

+ 05000

+ 05000

« Q5000

+05000

«05000
« 05000
205000
+OB000
« 05040
«05000
»05000
05000

05000 -

«05Q00
o Q5000
205000
#5000
+10000
» 10000
+«1000C0
« 10000
« 10000
+10000
«10000
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« 70000
¢ 80000
+90000
1,000C0
1,10000
1.,20000
1.30000
160000
1,50000
1.60000
1,70000
1.80000
1.,920000
2000000
0600000
+ 10000
e 20000
« 30000
e 40000
¢ 50000
« 60000
¢ TOO0O0O
» 80000
80000
1.00000

110000

1,20000
1.306000
1640000
1450000
1.,60000
1. 70000
1,80000
1.%0000
24, 00000
Q. 00000

« 10000

0 20000

2 300C0

« 40000

+ 50000

« 60000

70000

280000

«9G000
1.00000
110000
1,20000
130000
140000
1.50000
160000
1, 70000
180000
1690000
2000000
0000000

-a33427
«s35990
~s 37940
- 3944])
*.40606
~241516
~a 42231
"0‘02795
~o 43240
~o 43594
“woft3874
~a %098
-e44276
o4 4018

«T72728

026221

202769
~el11043
*>019930
~425976
-430250
~s33350
-e35644
«e3T7365
~+38670
-e39667
~o40434
“o41027
wy 41487
“.#134@
“waf4 2123
~o42340
“oly 2911

o 42644

-l 2748
2 10494
»23613
«0CT724

~al247T4

~e20822
~226415

—¢ 30308

~a33090
~.35116
~e36612
“o37727
~e38565
-+39199
-239679
-2 4004%
~e&(}324
~e 40537
-e40701
~o40826
wol4Q922
- 40996

« 68125

« 10000
¢10C00
« 10000
« 10000
10000
« 10000
¢10000
10000
» 10000
» 10000
» 10000
« 10000
« 10000
¢ 10000

«15000

« 185000
«15600
«15000
+15000
«15600
« 15000
«15000
+ 15000
+ 15000
« 15600
« 15000
« 15000
«15000
«15000
«15000
« 15000
e 15000
« 15000
0 1500¢C
215000
e 20000
« 20000
« 20000
¢ 20000
220000
« 20000

220000

« 20000
«20000
220000
020000
«20000
« 20000
«200Q0
¢ 20000
20000
« 20000
» 20000
» 20000
«20000
020000
025000
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140000
1,50000¢
1.60000
1470000
1.800060
1490000
200000
000000
0100090
« 20000
¢30000
«40000
« 50000
e 60000
« 70000
« 80000
» 20000
1400000
1410000
1.20000
1e3000¢0
le 40000
1450000
1,60000
170000
1.80000
1490000
2400000
Ce0006GO

+ 10000

+ 20000
« 30000
e 40000
« 50000

« 60000

¢ 70060

«80000

» 50000
1.00000
1.10000
1.20000
1.30000
1440000
1.50000
1.60000
1, 706000
-1¢ 80000
190000
2400000

“¢35084
“~s35193
~e35271
35326
“035365
“e35393
~e35413

«60250

e13211
~e 06439
~+16679
~e22632
~e26313
~e28678
~s30234
‘c31275
“031978
“032456
~e32783
~¢33008
~033162
~e33248
~“e33342
“933392
“.33427
~933451
~033468
~e3347¢

»57372

+1069%
~s0T895
~e1728¢%
*.22605
‘025803
~927810
“'29091
~+29923
~s30468
~+30827
~¢31066
~e31224
-¢31329
~+31399
“931446
“e31477
“s31498
“031512
~s31521
“031527

o}

«35000
35000
«35000
«35000
35000
35000
«35000
«40000
«40000
+40000
+ 40000
« 40000
« 40000
040000
40000
+40000
240000
« 40000
+40000
40000
2400600
«40000
« 40000
40000
«40000
+40000
40000
¢ 40000
¢ 45000
e 45000
« 45000
+45000
+45000
+45000
+45000
«45000
« 45000
+ 45000
» 45000
245000
245000
«45000
e45000
¢ 45000
245000
+ 45000
245000
045000
+45000
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000000
«10000
20000
« 30000
0 40000
+50000
«60000
¢ 70000
« 80000
90000

1,00000

110000

1420000

1.30000

1440000

1.50000

1,60000

170000

1480000

190600

2400000

0400000
+ 10000
« 20000
« 300060
« 40000
« 500600
«60000
« 70000
+ 80000
«90000

1.000600

110000

120000

130000

140000

1450000

1.60000

170000

1,80000

1.90000

2400000

000000
«10000
20000
« 30000
« 40000
« 50000
e 60000

1.00000
«40731
«+09830

~+05121

~e11349

-¢13007

“e12432

“010908

~¢0%9110

~e07372
~-«05837

“004551

- 403507

- 02679

-e02033

~+01534

‘001153

~-+00864

-+00645

‘000481

-+00358

1.00000
«40046
08612

~ 06669

~¢13045

~el4712
~¢14052

-912387

“t10421

- o085C8

~ 06804

-e05362

- 004180

-003231

- 002482

~o,01897

~e01445

“001097

-~ 000831

- 000628

- +00474

1.00000
239621
«07618

-.08128

-.14795

~¢16586

~015920

1.00000
094243
+82058
«68210
55020
243468
«33832
«26040
«19873
¢15068
+11366
«08538
« 06393
e 04774
« 03558
e 02647
+01966
001459
+01082
« 00801
+ 00593

1.00000
+ 96221
«85160
071824
«B8T735
47028
«37090
« 28929
222375
017195
e13148
210014

« 07603

« 05758
« 04353
« 03285
«024T6
«01864
01402
« 01054
200792
100000
«98323
« 88594
075962
«63113
¢51331
041121
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+B7403
87403
«874073
«87403
«8T7403
«87403
«87402
«87403
«87403
« 87403
+87403
87403
«87403
«87403
+874G3
«87403
«87403
087403
+87403
+87403
« 87403
«88369
+88369
+88369
288369
+88369
«88369
«88369
«38369
+8B369
« 88369
« 88369
«88269
« 88369
+88369
+88369
« 88369
e 88369
« 88369
« 88369
«B8369
+88369
«89311
«89311
+89311
«89311
«89311
+89311
«89311

e 70711
« 70711
« 70711
« 70711
e 70711
« 70711
« 70711
« 70711
« 70711
« 70711
« 70711
e« 70711
wT0711
e 70711
« 70711
«70711
+ 70711
«707112
« 70711
+ 70711
«70711
+ 68825
«68825
«+ 68825
« 68825
+68825
«68825
«68825
«5882%5
+ 68825
«6882%
«68825
+68825
«6882%
« 68825
«68825

" «68825

+ 68825

« 68825

«68825
« 68825
«68825
« 66667
« 66667
066667
« 66667
«66667
e 66667
« 66667

000000
000000
000000
000000
000000
000000
000000
000000
000000
000000
0.,00000
0400000
Ce000GO
0«00000
000000
0¢00000
0400000
000000
000000
0008000
0.00000

«035000

« 05000

«05060

«05000

«05000

«35000

+05000

« 05000

+05000

. «05000

«05000
«05000
+ 05000
005000
«05000
+ 05000
« 08000
+05000
«05000
- +05000
« 05000
« 10000
« 10000
+10000
« 10000
+» 10000
+« 10000
« 10000
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¢ 70000
« 80000
« 90000
1,00000
1,10000
1.20000
130000
1.,40000
150000
160000
170000
1800600
1.90000
200000
0,00000
« 10000
e 20000
« 30000
« 40000
50000
« 60000
¢ 70000
+ 80000
90000
1.,000600
1,10000
1.20000
1,30000
1.40000
150000
1.60000
170060
1,80000
1.,90000
200000
000000
« 10000
« 200090
¢ 30000
+ 40000
«50000
« 60000
« 70000
+« 80000
¢ 90000
1,00000
110000
1.20000
130000
140000
150000
1.60000
170000
1.80000
190000

‘014159
~412044
~ 409953
~o08065
~ 06444
-~ 405095
~+03997
~+03118
“002420
-001872
~e01444
~e01112
- +00854
~ 400655
1,00000

039405

«06806
=o09520
~«16608
~e18634
~e18044

~+16240.

~e14001
-e11740
-¢09659
had 00?840
~-+06301
-~e05026
~+03987
-+03150
~¢02480
~e01947
~¢01526
~+01194
~+00933
100000

239339

«06127
-+10868
~+18485
-2084%
- 420418
~+18628
~216302
“013887
~e11615
-~ ¢09589
- 07842
~+06368
-~e05144
~+04138

~e03319

~402655%
‘002120
‘001691

+32580
25600
219989
e15532
«12023
«09280
« 07145
005492
«04215
«03231
02474
001893
+01448
«01107
1400000
1,00498
« 92276
+80534
+68078
56327
245906
+ 37005
« 29588
223512
.+ 18596
« 16655
+11517
« 09030
+ 07069
205525
« 04314
+03366
202624
«02045
+01593
1.00000
1.02700
296124
85440
« 73537
61945
51401
+42192
¢34358
027810
« 22409
e 17994
e 14410
e11515
«09188
«07321
+ 05828
e 04636
«03685
002928

«89311
«89311
«89311
«89311
w8%9311
«89311
«89311
«89311
«89311
«89311
«89311
«89311
«89311
89311
290222
090222
090222
+90222
+90222
090222
«90222
«90222
90222
«90222
«90222
090222
090222
«90222
« 90222
«90222
090222
290222
90222
«90222
«90222

- 991100

«91100
+921100
+91100
«91100
«91100
291100

91100

«91100
091100
091100
«91100
«9110¢
«91100
«91100
+91100
¢91100
«91100
¢91100
091100

066667
«66667
066667
066667
066667
o66667
66667
066667
066667
66667
e 56667
e 56667
e 66667
066667
064169
564169
0664169
e64169
064169
64169
s 64169
064169
064169
64169
«54169

«64169

s64169
e 64169
e 54169
e64169
« 64169
564169
064169

064169

064169
«61237
e61237
e61237
061237
61237
e$1237
261237
e61237
e51237
061237
«51237
«61237
«61237
61237
061237
«61237
061237
«651237
e61237
061237

«10000
«10000
+10000
« 10000
«10000

+10000

« 10000
10000
« 10000
« 10000
«10000
«10000
« 10000
« 10000
«15000
« 15000
+15000
+ 15000
¢ 15000
15000
« 15000
«15000
¢ 15000
«15000
« 15000
« 15000
« 15000
« 15000
« 15000
«15000
+ 15000
15000
«15000
« 15000
« 15000
« 20000
« 20000
« 20000
20000
« 20000
20000
¢ 20000
220000
+ 20000
¢ 20000
« 20000
« 20000
« 20000
« 20000
« 20000
« 20000
« 20000
20000
¢ 20000
« 20000
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2euGl00
0406000
« 10000
¢ 20000
» 30000
« 80000
«50000
« 60000
« 70000
+ 80000
«90000
1.00000
1.10000
120000
130000
1.4G000
150000
1,60000
1. 70000
1.80000
190000
200000
020000
e 10000
s 20000
« 30000
« 20000
50000
«6GG00
e 70000
« 80000
« 90500
1.00000
110060
1,2000¢C
1.300G0
140000
150000
160000
170000
1.80000
190000
2000000
0,0000¢0
010000
020000
030000
« 40000
« 500600
« 860000
s 70000
080060
290000
1.,00000
1.10000

-o01347
1.00000

«29354

205520
-e1220%
-~e 20634
~e23220
~e23023
-e21310
~01894]
~¢16400
~el13951
~ell719
o 09754
-o0BOBS
’095#37
o OHH43

-e(03622

-o02948
-~202296
*301956
1.00000

«39386

« 04925
-¢13565
*.22462
-e25T37
- o 25840
~.34263
~e21899

~e19270

-9 166066
-2lG241
-012062
-s10151
“908502
”397095
~205906
- 04908
-~ 04068

~o03369

'002788
100000

e39419

«04338
~eldB29
-e24532
~e28350
~e28816
-e27438
- 425138
-~ 22469
-el19749
-~el17157

202326
108000
104892
1.00056

« 90573

« 79374

068078

«537523

+ 480868

+ 39886

32891

« 27004

022096

¢ 18035

e 14691

«131%49

09707

«0T879

o D639C

05180

e 04197

+ 03400
100000
107051
1,06G12

« 95843

« 85482

aTGB20

«54179

+564620

046128

38737

« 32392

« 27000

022451

e 18634

« 15444

«12786

¢ 10577

«0BT44

«07225%

« 05967

204927
1.00000
102198
108006
1312467

2918652

«e81560

«T1363

«61798

053110

+ 5395

»35643

e3279%

291100
«F1980
« 91940
« 91940
+91940
« 91940
e 91940
«91940
+51940
«91940
« 91940
« 21940
«91%40
+ 91940
+9194640
«91940
291940
021940
« 91940
e 91940
091940
291940
092741
e92TH1
e 92741
292741
«e92741
e92741
92741
«22741
«92741
e92741
+92741
«9274]
e 927461
292741
«D2741
22741
292741
292741
e 92741
« 92741
092741
293522
« 93522
« 93522
¢ 93522
093522
e 93522
2923522
93522
093522
«?3522
«93522
«93522

«61237
2577535
«5T773%
577359
057735
«5TT38
057135
877385
« 37735
« 57735
« 57135
+ 57738
+3T7785
0 5TT35
e3TT35
«57735
e 87735
057735
e5T735
37735
e DTT35
«B3TT35
+53452
e 53452
e53652
«53052
053452
653452
053452
«53452
e53452
053652
253652

538452

«53652
«33652
293452
¢53452
» 53452
« 53652
«53452
e« 53452
33452
248038
« 48038
« 48038
« 48038
e 48038
«48038
+ 480328
048038
« 48038
e 4BO 38
+ %8058
e 48038

e 20000
e 253500
« 25000
» 25000
« 25000
« 2%000
225000
« 25000
+ 25000
« 25000
« 25000
025000
« 25000
225000
¢ 25000
e 25000
e 25000
« 25000
« 285000
e 25000
e 25000
+ 25000
« 30000
« 30000
¢ 30000
« 30600
« 30000
« 30000
» 30000
+«30000
« 30000
« 30000
30000
« 30000
« 30000
« 320000
» 30000
» 30000
« 306000
+« 300600
« 30000
« 30000
» 30000
+35000
¢ 35000
« 35000
» 35000
» 35000
¢ 35000
» 35000
» 35000
« 35000
+ 35000
« 35000
+« 35000

(CONTDo



120000
130000
140000
1,50000
160000
1, 70000
180000
190000
200000
000000
«10000
¢« 20000
« 30000
« 40000
« 50000
« 60000
¢ 70000
« 80000
« 20000

1,00000

1,10000
120000
1.30000
140000
1.50000
1,60000
170000
1,80000
1.90000
200000

0400000

» 10000
20000
« 30000
« 40000
« 50C00
« 60000
¢ 10000
« 80000
290000
1,000090
110000
120000
130000
1440000
150000
1,60000
1.,70000
180000

190000
2400000

~el14781
~a12656
-o10787
~409163
~e07764
~e06566
~ 405545
“004678
-~ 603942
1.00000

039252

«03505
~216536
~226834
~e31195
-¢32036
".30878
~-e28668
« 425986
~e23178
~ 020441
~917884
~¢15556
“013473
~a11632
~e100C19
- 908614
-~ o0T397
«o06345
- 05439
1.000C0

«36597
~ 400190
- 220475
~ 430653
~e34754
~e35299
-~e33B55
-e31386
“'28473
-e25459
~e22538
~+19813
~a217331
~-215105
~«13131
-e11393
-4¢09871
~o08544

- 907389
-906387

e 27767
223470
015812
«16707
214078
+11855
09979
« 08398
o 07064
1.00000
le11244
111849
1.06511
298142

«88514

« 78673
069214
e60447
52509
«45435
+39199
«33745
«29003
024897
021352
018299
215675
013421
211488
« 09831
1400000
1413630
1415534

1,10875 -

102827
«93306
«83443
« 13878
«64951
«56817
269522
243051
37353
032364
«28013
224228
020943

. e18096
+15631

213499

11653

093522
093522
93522
093522
93522
093522
093522
093522
«93522
094220
e94220
094220
094220
094220
094220
094220
«94220
094220
«24220
094220
«94220
054220
94220
294220
%4220
094220
«34220
094220
094220
« 94220
294896
«94896
254896
094896
294896
+94896
94896
94896
294896
094896
094896
« 94896
094896
94896
294896
294896
096896
94896
e 94896

054896
094896

+ 48038
+48038

+ 48038

+ 48038
+ 48038
s 48038
¢ 48038
«48038
e 48038
040825
«40825
« 40825
240825
240825
040825
240825
40825
e 40825
« 40825
+ 40825
« 40825
« 40825
«40825%
« 40825
40825
« 40825
e 40825
« 40825
o 40825
« 40825
«30151
«30151
«30151
«30151
«30151
«30151

" 30151

«30151
«30151
«30151
«30151
e30151
«30151
+30151
»30151
¢30151
230151
30151
230151

#30151
306151

+ 35000
+« 35000
«35000
«35000
«35000
« 35000
«35000
« 35000
« 35000
« 40000
« 40000
+ 40000
+ 40000
+40000
+ 40000
+ 40000
« 40000
« 40000
« 40000
» 40000
240000
« 40000
«40000
« 40000
e 40000
« 40000
« 40000
« 40000
«40000
« 40000
+ 45000
« 45000
245000
+ 45000
« 45000
« 45000
« 45000
« 45000
+45000
245000
« 45000
« 45000
« 45000
» 45000
245000
«45000
¢45000
«45000
+ 45000
« 45000
+ 45000



C

C RAYLEIGH WAVE PROPAGATION

z

—

L

000000
+ 10000
« 20000
¢ 30000
¢ 40000
50000
260000
« 70000
+ 80000
290000

1.00000

1.10000

1.20060

1430000

1440000

150000

160000

170000

1.80000

190000

200000

0.00000
« 10000
¢ 20000
« 30000
« 40000
« 50000
« 60000
« 70000
-« 80000
« 90000

100000

1.100G0

120000

130000

1.40000

150000

1460000

1.700C0

1.80000

1,90000

2400000

0.00000
«10000
¢ 20000
« 30000
+ 40000
¢50000
«60000

Y
Vo

1400000

040731

+0983Q
~-¢05121
‘011349
-~¢13007
~-e12432
-410908
«+09110
«o07372
-+05837
-¢04551
~e 03507
-o02679
-402033
-¢01534
-e01153
-400864
-e00645
-e00481
« 400358
1.006000

+ 40046

¢08612
~e06669
~e13045
-e14712
~¢14052
~-e12387
~el0421
-408508
-+06804
~e05362
~¢04180
~e03231
-2(2482
-«01897
“ 001445
- ¢01097
~o,00831
~ 00628
-o004T4
1.00000

¢39621

«0T618
~-+08128
-014795
-¢16586
-615920

al
Wo
100000
094243
«82058
+68210
055020
«43468
033832
26040
«19873
+15068
«11366
008538
«06393
+ 04774
«03558
+02647
«01966
¢01459
+01082
« 00801
+ 00593
1. 00000
«96221
«85160
« 71824
«58735
+ 47028
37090
+28929%9
¢22375
017195
«13148
« 10014
«07603
« 05758
+04353
«03285
002476
e01864
001402
«01054
«00792
100000
«98323
+ 88594
« 75962
63113
+51331
«41121

APPENDIXeeoC

v-»

VOIGT SOLID KeGeBHATIA

Y
w

+ 78615

«33977

+ 09417
~e 05902
‘016216
“e23524
~+28889
~e32932
~¢36039
«e38463
~e 40377
~e41902
“¢43126
“e44114
e 44915
~e45568
=-s46101
- 46538
- 46896
47191
-ebT433

« 76789

«31959

o 07766
~+07130
-¢17055
-e24022

. =+29092

-432879
~+35765
~¢37996
~e39741
~-941118
«e42213
-e43087
«e43790
~e44355
“e44812
“045182
«,45483
-e 45727
«“o45926

74828

30154

006435
-e08006
~“s17541
~e24178
’.28970

B

«87403
+87403
287403
«87403
«87403
«87403
+8T7403
o 87403
+ 87403
87403
+87403

"o 87T403

«87403

- «87403

+87403
87403
«87403
87403
87403
oBT7403
+AT4073
088369
+B8369
+ 88369
« 88369
«88369
+ 88369
«88369
+88369
288369
«88369
88369
«88369
«88369
88369
«B8369
«B88369
«88369
+88369
+BB369
«88369
«B8369
«89311
«89311
«89311}
289311
«89311
«89311
«89311

i

e 70711
+ 70711
e 70711
« 70711
«T0711
«70711
«70711
¢ 70711
» 70711
¢ 70711
«70711
070711
e 70711
+ 70711
e 70711
s 70711
s 70711
« 70711
« 70711
# 70711
e 70711
« 68825
« 68825
¢ 68825
68825
« 68825
« 68825
« 68825
« 68825

e 68825

« 68825
« 68825
068825
68825
« 68825
« 68825
«68825
« 68825
«68825
« 68825
« 68825
« 68825
066667
066667
« 66667
« 66667
o 66667
066667
« 66667

o

000000
0400000
0400000
0400000
0400000
0«00000
0.00000
000000
000000
000000
000000
000000
0400000
000000
000000
000000
0« 00000
000000
000000
000000
000000,
« 05000
+05000
+ 05000
« 05000
«05000
+ 05000
«05000
+ 05000
« 05000
« 05000
«05000
« 05000
" «085000
« 05000
« 05000
+ 05000
« 05000
+ 05000
+ 05000
« 05000
«05000
¢ 10000
« 10000
« 10000
« 10000
+ 10000
« 10000
«10000
(CONTD s




« 700090
¢ 80000
090000
100000
110000
1.20000
1430000
140000
1,50000
1,60000
170000
1.,80000
190000
200000
000000
10000
+ 20000
« 30000
040000
e 50000
e 60000
« 70000
« 80000
« 90000
100000
110000
1,20000
1430000
1.40000
1450000
1. 60000
" 170000
180000
1,90000
200000
000000
«10000
¢ 20000
+ 30000
«40000
50000
« 60000
« 70000
« 80000
+« 90000
166000
1.10000
1420000
130000
1440000
1450000
160000
170000
180000
1490000

~e14159
~ 012044
« 406953
««08065
-~ o 06444
= 405095
- 403997
~«03118
-e02420
~-o01872
- 201444
-a01112
« 400854
- 00655
1.00000

«39408

+06806
~+09520
~+16608
~e18634
~ 018044
“-16240
‘014001
‘011740
- 309659
- 407840
-e06301
-+05026
~+03987
“.03150
~oe02480
«+01947
-+01526
-¢01194
-+00933
1,00000

¢39339

« 06127
-e10868
-+18485
- 020849
~ 620418
~e18628
~-e16302
-+13887
~e11615

*-09589‘

~407842
- 06368

~-a05144
-«04138

~-+03319
~-+02655
~¢02120
-«01691

32580
025600
+19989
015532
12023
09280
+07145%
205492
004215
03231
e 02474
+01893
+ 01448
01107
1.00000
1,00498
292276
« 80534
o 68078
256327
+45906
37005
«29588
«23512
«18596
214655
+11517
« 09030
+07069
+05825
« 04314
203366
202624
202045
+»01593
1,00000
1,02700
+ 96124
+85440
e 73537
061945
«51401
42192
34358
« 27810
222409
« 17994
«14410
+11515
+09188
«07321
«05828
+ 04636
403685
002928

~e32521
=e35203
-437260
=e38855
-o40102
-eh1083
=e41860
w 42478
-o42971
~o43364
~e43680
-«43933
-o44137
-o44300

272728

+28517

«05364
~o 8597
‘017742
~e 24060
“e28587
~931918
“e34415
=~e36314
~e37773
~«38905
~¢39789
~e40481
~e 41026
~e0 1457
~e41798
-¢ 42068
-e42283
~oh2454
- 42590

070494

027002

+ 04493
~s08967
~417720
~-e23726
~e28001
~e31124
~e33448
~+35202
~e36540
«237568
~¢38364
~-e38983
~439466
«o39844
“e 40140
-~e40373
~e 40556
-~ 40700

«89311
«89311
¢89311
089311
289311
«89311
+89311
89311
«89311
089311
«89311
«89311
«89311

89311

090222
290222
+90222
a%90222
«90222
«90222
«90222
«90222
«90222
«90222
090222
«90222
090222
290222
+90222
«90222
«90222
e 90222
«90222
+90222
90222
91100
+91100
+91100
+91100
+91100
¢91100
091100
«91100
+91100
«91100
91100
91100
291100
91100
«91100
91100
«91100
«91100
091100
31100

066667
2 666567
66667
« 66667
¢ 66667
e 66667
+ 66667
« 66667
e 66667
066667
066667
e 66667
066667
066667
064169
e 64169
064169
e 64169
+ 64169

«64169

064169
e 6415658
0641569
«e54169
e 64169
e 641569
064169
« 64169
064169
«b4169
+ 54169
« 564169
e 64169
+ 64169
e 64169
061237
«61237
e61237
61237
e61237
61237
e 61237
061237
«61237
«61237
061237
061237
061237
«61237
«61237

"e61237

61237
61237
61237
061237

+ 10000
+ 10000
+ 10000
« 10000
+ 10000
¢« 10000
+« 10000
« 10000
+ 10000
« 10000
« 10000
« 10000
« 10000
¢« 10000
« 15000
« 15000
» 15000
+ 15000
- «15000
« 15000
« 15000
« 15000
+ 15000
« 15000
« 15000
« 15000
« 15000
« 15000
+ 15000
« 15000
« 15000
» 15000
+ 15000
« 15000
+ 15000
220000
« 20000
« 20000
« 20000
20000
+20000
20000
« 20000
« 20000
« 20000
« 20000
« 20000
« 20000
«20000
20000
« 20000
« 20000
+ 20000
« 20000
« 20000
{CONTDa oo



200000
0400000
« 10000
30000
¢ 20000
040000
«5000C0
«50000
« 70000
+ 80000
90000
1.,00000
1,10000
1420000
1,30000
140000
1,500Q0
160000
170000
180000
1690000
2,00000
0.00000
« 10000
20000
+30000
Q“OGOO
+50000
«60000
¢« 70000
+ 80000
«90000
1. 00000
1410006
1420000
1430000
1440000
150000
- 1460000
170000
1480000
190000
200000
0400000
« 10000

¢ 20000

¢ 30000
+ 40000
«50000
« 60000
¢ 70000
«80000
+« 90000
1.00000
110000

-¢01347
100600

«39354
~¢12205

«05520
'020434
~e23220
-923023
-¢21310
“oe18941
« 916400
-+13951
‘111719
-e09754
~+08065
-906635
-205437
- 06443
-e03622
~¢02948
«~s02396
~e01946
1.,000600

«393886

204925
~+13565
-e22462
“e25737
“025840
-024263
‘.21899
“019270
-el16666
-e1424]
~e12062
~e10151
~-¢08502
~ 07096
~ 005906
~ 04905
« 904068
~e03369
~e02788
100600

39419

«04338
~el14929
~e24532
"028350
-«28816
~e27438
‘025138
'022469
- 919749
=o17157

e 02326
100000
1,04892

«90573
100056

079374

«68078

057523

48088

«39886

032891

27004

022096

«18035

«14691

«11949

« 09707

«07879

+06390

«05180

+04197

+03400
1.00000
1,07051
104012

295843

«85482

0 14620

+64179

56620
046128
« 38737
032392
« 27000
022451
«18634
s 15444
012786
« 10577
«08744
« 07225
« 05967
« 06927
1.00000
1,09198
1.08006
1,01247
0918562
«81560
071363
«61795
«53110
«45395
038643
¢32795

~e40814

68125

« 25560
-+09180

03759
-e17538
~e23236
-~e27266
-¢30190
~e32350
~¢33969
~e35194
~e36129
~e36846
-~¢37399
~e37827
~e38159
~e3B416
~e38617
~938773
~e38895
~¢38991

065626

e24145

«03107
~e(9288
~e1T244
“e22635
~e26423
-e29152
-e31156
-232646
~e33765
‘034612
~¢35257
-¢35750
“e36128
~e36418
~e36642
~e36815
~e36948
“037051
-~937131

¢63055

022762

«02533
-+ 09298
~916841
~¢21918
“025462
~027998
~e29846

T ~931209

~e32226
~¢32989

091100
91940
¢ 91940
091940
91940
+91940
91940
091940
091940
«91940
091940
91940
091940
091940
¢ 91940
091940
291940
091940
291940
¢91940
091940
¢91940

292741

92741

92741

022741
292741
092741
092741
e 92741
092741
92741
92741
« 92741
092741
092741
092741
092741
«92741
092741
082741
092741
92741
+93522
«93522
93522
093522
293522
093522
«93522
93522
«93522
«93522
093622
293522

61237
¢57735
«577356
057735
«57735
57735
«57735
«37735
«57735

«57735

«57735

57735

57735
«57735%
057735
« 57735
«57735
057735
057738
+57735%
57735
257735
53452
53452
053452
53452
053452
« 53452
253452
e53452
053452
053452
053452
53452
053452
e53452
e 53452
«53452
053452
053452
e53452
053452
53452
« 48038
+ 48038
048038

«48038.

48038
« 48038
248038
« 48038
« 48038
«48038
« 48038
48038

+ 20000
+25000
«25000
25000
225000
+ 25000
« 25000
225000
025000
25000
25000
25000
025000
¢ 25000
« 25000
25004
0 2500C
02500¢C
0 2500C
«2500(
« 25000
225000
+30000
+ 30000
«30000
+ 30000
230000
+ 30000
«30000
+ 30000
«30000
» 30000
+ 30000
«30000
30000
30000
« 30000
« 30000
30000
230000
+30000
30000
¢ 30000
¢35000
35000
35000
» 35000
35000
35000
¢33000
«35000
«35000
35000
¢« 35000
« 35000
(CONTDewe



0

120000
1,30000
1.40000
150000
1.60000
1.70000
180000
1.90000
2,00000
0,00000
« 10000
+ 20000
« 30000
+ 40000
« 50000
« 60000
« 70000
+« 80000
« 90000
1.00000
110000
120000
1430000
140000
1.50000
160000
170000
1.80000
190000
2.00000
0.00000
« 10000
« 20000
« 30000
« 40000
« 50000
« 60000
« 70000
« 80000
+90000
1.00000
1.10000
120000
1430000
1440000
1450000
1460000
170000
180000
1.90000
2400000

~e14781
‘012656
‘010787
~ 409163
- o07764
- 06566
- e05545
—-e04678
~ (03642
1,00000

039252

+03505
~e16536
—~926834
~¢31195
~ 432036
-~+30878
~¢28668
~e25986
~e¢23178
~e20441]
~417884
°c15556
~al3473
~e11632
~¢10019
-~+08614
*i07397
~+06345

-~ 405439

1400000

¢365%97
~-+00190
-~ 420475
-~ 430653
~o234754
~e35299
“o33855
~+31386
*028473
~e25459
~e22538
~¢19813
“017331
-+15105
~«¢13131
~+11393
“009871
~e08544
~¢07389
~+06387

027767
23470
»19812
216707
214078
«11855
« 09979
«0B8398
« 07064
1,00000
1el1l244
1.11849
1.06511
098142
«88514
o T86T3
«69214
e 60447
«52509
045435
«39199
33745
+ 29003
« 24897
e21352
«18299
« 15675
«13421
«11488
« 09831

1400000

1,13630
1415534
1410875
1,02827
+23306
83443
« 73878
064951
256817
049522
«43051
¢37353
032364
028013
024228
¢20943
018096
015631
013499
¢ 11655

~e33564
-~s34001
“034332
~¢34585
~o347T7
wge34925
-¢35037
~¢35123
-¢35190

060250

21259

«01888
«~o09354
~o 16474
-e21234
*024534
-926879
~e28575
“029817
~e30736
-e31419
~e31931
~e32315
~e32604
~e32822
~¢32987
~e33112
-e33207
~e33279

' ~e33333

«57372

018478
~«e 00094
=410595
-e17103
~e21370
-e24270
~-e26291
~-e27724
~e28751
e 29495
~“¢30036
-30432
~e30722
~«30936
“031094
“031210
~931296
~e31359
“031406
“~e31441

e 93522
293522
« 93522
093522
093522
¢93522
093522
093522
093522
094220
«24220
094220
094220
04220
e94220
94220
«94220
094220
094220
094220
« 94220
e 94220
094220
094220
+94220
094220
0924220
094220
2964220
94220
« 94896
e 54896
« 94896
+ 94896
024896
094896
¢ 94896
« 94896
094896
+94896
e 24896

094896

» 94896
« 74896
94896
094896
94896
» 94896
94896
94896
094896

ERROR LC~2 IN STATEMENT 0021 + 00 LINES

« 48038
« 48038
« 48038
e48038
+48038
s 48038
e 48038
« 48038
« 48038
« 40825
«40825
« 40825
+ 40825
« 40825
« 40825
040825
« 40825
+ 40825
040825
e 40825
« 40825
2 40825
+40825%
« 40825
o 40825
« 40825
« 40825
040825
+ 40825
240825
v 30151
+30151
« 30151
030151
¢30151
30151
+30151
¢ 30151
v 30151
¢ 30151
«30151
30151
030151
« 30151
»30151
+ 30151
¢30151
30151
30151
30151
« 30151

«35000
35000
«35000
«35000
«35000
35000
«35000
«35000
+ 35000
«40000
«40000
«40000
«40000
« 40000
«40000
«40000
+40000
«40000
«40000
«40000

.«40060

« 40000
«4C000
« 40000
+ 40000
« 40000
«40000
«40000
+ 40000
+40000
« 45000
«45000
«45000
« 45000
« 45000
« 45000
« 45000
« 45000
« 45000
«45000
245000

"« 45000

¢ 45000
+ 45000
« 45000
« 45000
« 45000
« 45000
+ 45000
« 45000
e 45000



c ¢

¢ ¢
IL=
L=
L=
L=
iL=
2L®

L=
ZL=
AR
ZL=
L=
ZL=
ZL=
L=
ZL=
ZL=
L=
ZL=
IL=
ZL=
ZL=
ZL=
ZL=
ZL=
L=
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WAVE PROPAGATION ATTENUATION Z KeGeBHATIA

o—

000000
: « T78615851=
000000
¢ 31854851=
000000
«0756181=
000000
-e0413981=
0400000
-s0897581=
0400000
-¢10230S8]=
0400000
“0097455I=
000000
-+0852751=
000000
~e0710651!=
0400000
~+0573851=
0400000
~e0453485]=
0.00000
-+0352881=
0400000
”002714513
000000
-e0206981=
D+000060
-e0156781=
0400000
-+0118181=
0.00000
~90088681=
0400000
~¢0066381=
000000
~e00494851=
0400000
~20036851=
0«00000
«e00273S1=
«05000
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«48038
«35000
+ 48038
035000
048038
¢35000
«48038
« 35000
+ 48038
« 35000
248038
+35000
+ 48038
35000
248038
35000
+48038
35000
«48038
«35000
« 48038
+35000
«48038
35000
«48038
35000
+48038
35000
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ZL=
L=
L=
L=
ZL=
L=
L=
ZL=
ZLs=
L=
L=
IL=
ZL=
FAR
L=
ZLe
ZL=
L=
ZL=
.=
Zi=
L=
ZL=
2L
L=
ZL=

14700 - +04016
1,700UW0=
1,800
1¢800W0O=
149090
1,900W0O=
22000
2¢000W0O=
04000
0+000W0O=
«100
¢ 100W0O=
200 « 86674
¢ 200W0="
300 ¢« 18065
¢« 300W0=
e 400
« 400W0=
500
«500UW0=
0600
2 600WO=
« 700
e TO0WO=
« 800
¢« 8004W0O=
« 900
« 200WO=
1000
1, 000W0s=
1100
. 14 100WO0=
1,200
14200W0=
1e300
1,300W0O=
1,400
14400W0=
1.500
1.500W0=
14600
1460QWO=
1,700
1,7004W0=
1.800
1.800W0=
1,900
e 900WO=
24000
24000W0s
0«000
04000W0=
« 100
¢ 100WO=
200

03215
e 02574
«02060
079814

+89688

+67638
57258
47765
039469
32408
« 26497
021603
17577
014283
»11595
¢ 09407
«07629
206185
05013
04063
« 03292
202668
+81905
94435
92386

~e01267
«051710U0=
-e01016
«04140U0=
“000814
«03315U0=
~¢00652
«026530U0=
244388
1.00000U0=
10937
1412371U0=
~e05151

1408594U0=

«912019
«97809U0=x
~914130
«84745U0=
~e13907
«71739U0=
-012644
+59846U0=
-e11015
+4945100=
~¢09356

0 4060400=
~e07821
#33199UQ=
-e06472
227066U0=
~-e05319
022023U0=
~-e04352
«178950U0=
~403549
+14528U0=
~+02889
211787UO=
~202348
+09558U0=
~e01906
207749U0=
*001547
«06281U0=
~-e01254
«0509CU0=
-+01017
«04125U0=
”000824
«03342U0=
045026
1.00000U0=
209678
1415299U0=
~e06989

35000
-e01827S]=
«35000
~oe01464S]=
«35000
-e0117381=
¢35000
- o Q09408
«40000
e6025051=
+40000
¢1484551=
«40000
~¢06992S5]=
040000
«~el16314851=
«40000
~01917981=
40000
~¢18877S1=
« 40000 '
-21716385]=
240000
~e149518]=
«40000
~-e1269951=
240000
~91061651=
+40000
~+0878551=
« 40000
-e07220S1=
« 40000
~+05907S5 1=
« 40000
—~o04818S5S1=
+40000
~-e0392151=
+40000
. ~e0318781=
+ 40000
“e025885]=
«40000
-+02100S1=
«40000
~e0170351=
»40000
~¢013281S51=
+40000
-e(111951=
«45000 ,
¢57372S1=
«45000
012331SI=
045000

093501
+93501
093501
93501
094220
094220
«94220
094220
94220
094220
94220
e94220
94220
094220
+94220
¢94220
094220
94220
094220
94220
094220
094220
«34220
094220
094220
¢ 94896
034896
94896

«48038
35000
« 48038
+«35000
«48038
«35000
048038
¢35000
«40825
« 40000
«40825
«40000
e 40825
« 40000
«40825
+ 40000
«40825
+ 40000
040825
« 40000
«40825
+ 40000
«40825
« 40000
« 40825
240000
240825
« 40000
«40825
« 40000
40825
+ 40000
040825
+ 40000
«40825
«40000
«40825
+40000
«40825
+ 40000
« 40825
40000
» 40825
+40000
«40825
« 40000
e 40825
«40000
40825
+ 40000
«30151
+ 45000
e30151
45000
«30151
(CONTDewe)



.ZLB
Zi=
ZL=
PAR
iL=
L=
PAR
2l =
L=
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¢« 200W0=
¢ 300
¢ 3004W0=
e 400
+ 400WO=
500
s 500W0=
+ 600
0600WO§
« 700
e TOOWO=
«800
+800W0=
900
« 900WO=
1000
10000“0’
1.100
1,100W0=
14200
1,200W0=
1,300
1,300W0=
1,400
1.400W0=
1500
1,500W0=
1.600
1.600W0=
1e700
1.700W0=
1800
1.800W0=
1900
1.900W0=
24000
2+ 000W0s

+83953
73338
62606
52695
+43958
«36458

224830
020433
+16796
+13796
«11327
209297
+07629
+ 06259
205135
» 04212
«03455

«30125

1.12796U0=
~“e13908
1.02500U0=
~¢15885
«8954100=
~e15482
«76438U0=
“e14042
«64337U0=
~e12253
+93669U0=
~e10453
«44513U0=
~s 08795
«36780U0=
“007334
«30316U0=
~e06082

e 2494T40=
~s05025
+20506U0=
-e04142
+16844U0=
-e03408
«13829U0=
-402801
«1135100=
-e02301
«09314U0=
~+01889
+07642U0=
‘001550
+06269U0=
-01272
«05143U0=
~e01044
«04219U0=

-¢0890551=
+45000
~91772151=
+ 45000
~-e202415]=
« 45000
-el972781=
45000
~41789251=
«45000
-el1561351=
«45000
-21331951=
+45000
~91120681=
+45000
«e09346S1=
« 45000
- 0775081
45000
~206403S5]s
+45000
~e0527751=
«45000
-o04342S1=
« 45000
~e0356951=
« 45000
~e0293251=
«45000
-e(2407S51=
«45000
~«01976S51=
.450Q0
~¢0162151=
«45000
~e0133051=

054896
94896
294896
+94896
¢ 94896
» 94896
« 94896
094896
94896
¢ 74896
s 94896
094896
094896
«94896
«94896
« 94896
94896

294896

¢ 45000
‘¢30151
«45000
«30151
« 48000
¢30151
«45000
«30151
+45000
¢30151
«45000
«30151
« 45000
«30151
045000
«30151
+45000
«30151
« 45000
30151
«45000
«30151
245000
«30151
+ 45000
«30151
« 45000
«30Q151
«45000
«30151
+ 45000
«30151
« 45000
«30151
« 45000
«30151
« 4500
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2491344
1664552
1427956
1e12366
1.064365
e 99750
0906861
«94939
093598
092627
1e64552
1412366
099750
¢« 94939
292627
«91347
090567
90058
«839705
+89453
1227956
«99750

93598

091347
«90286
« 89705
+89352
089123
e 88965
«88852
1,12366
024939
+91347
« 900856
e 89453
«89123
+88923
« 88794
88705
«B88641
1.04365
e92627
090286
«89453
« 89064
«88852
« 88724
288641
« 88584

T

+ 10000
« 20000
¢ 30000
« 40000
« 500090
« 60000
« 70000
«8C000
+90000
1.00000
« 10000
« 20000
« 30000
« 40000
«50000
« 60000
« 70000
« 80000
90000
100000
« 10000
+ 20000
« 300600
« 40000
« 50000
« 60000
+ 70000
« 80000
¢e90000
1.00000
« 10000
« 20000
« 30000

» 40000

+50000
«60000
« 70000
+ 80000
290000
1.00000
« 10000
« 20000
30000
+ 40000
50000
«60000
« 70000
# 80000
50000
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+885413
2497454
1e68002
1430639
lel4722
106553
1401841
«98892
096929
«95561
e 94570
1,68002
1.14722
1.01841
296929
094570
093263
092466
091945
«e91586
«91328
130639
1401841
095561
«93263
«922180
«921586
e91226
+90992
+ 30831
«90715
114722
+ 96929
«93263
91945
+91328
«90992
+90788
«90656
90565
290500
1406553
224570
«92180C
«91328
+90932
290715
«90585
«90500
«90442
«90400
3403118
1712012
1433127
1416907

1.00000
+10000
« 20000
»30000
+ 50000
50000
«60000
« 70000
+ 80000
+ 90000

1.00000
«10000
20000
« 30000
+ 40000
+50000
«60000
s 70000
«80000
290000

100000
« 10000
« 20000
+« 30000
«40000
« 50000
+ 60000
» 70000
+ 80000
290000

1,00000
« 10000
« 20000
« 30000
+40Q00
« 50000
« 50000
« 70000
« 80000
«90000

100000
« 10000
20000
» 30000
240000
« 50000
«60000
¢ 70000
» 80000
+ 90000

100000
+ 10000

020000

+ 30000

«40000

40
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8o
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1.08582
1.03780
1.00775
«98775
97380
296370
171201
1416907
1.,03780
298775
«96370
+ 95039
094226
93696
93330
93067
1:33127
1.03780
«97380
«95039
+93935
« 93330
092963
092724
+92560
052443
116907

98775

«9503¢
293698
093067
492724
a92517
092382
092289
092223
1.08582
«96370
«93935
+93067
092663
e92443
«92310
292223
092164
292121
3.08264
le74108
1435387
1.18892
1,1042¢
1.05543
le02486
1.,00452
99034

«50000
«60000
70000
« 80000
50000
1.00000
¢ 10000
+ 200080
+30000
« 40000
«50000
« 50000
« 70000
¢« 80060
+ 90000

1.00000

+« 10000
«20000
30000
e 40000
+50000
«6Q0000
« 70000
+ 80000
+ 206000
1.00000
0 10000
+20000
« 30000
« 40000
« 50000
«60000Q
« 70000
+ 80000
90000
1,86000
»10000
« 20000
«30000
« 40000
+ 50000

«60000

« 710000
« 80000
« 920000
1400000
» 10000
20000
+ 30000
+ 40000
« 50000
+60000
+ 70000
« 80000
« 90000

fo

3o



098007
1474108
1.,18892
1,05543
1.00452

«98007

096652

095826

095286

«94914

094647
1435387
1,05543

¢99034

096652

095530

094914

094541

094299

94132

294012
1.18892
1.00452

«96652

095286

094647

« 94299

¢94088

093951

« 93856

«93789
1.,10426

298007

« 95530

e 94647

094236

294012

093877

093789

093729

293685
3412863
176705
1437407
1,20665
1,12073
1.07117
1404015
1.01951
100511

099469
176705
1,20665
1.07117
101951

1,00000
10000
+20000
30000
40000
«50000
+60000
« 70000
+«80000
«90000

1.00000
«10000
«20000
30000
+40000
50000
«60000
« 70000
« 80000
« 90000

1.00000
« 100600
+ 20000
« 30000
« 40000
50000
«60000
¢ 70000
80000
90000

1.00000
¢« 10000
« 20000
+30QG0
« 40000
530000
« 60000
« 70000
« 80000
« 90000

1.00000
« 10000
« 20000
30000
« 40000
«50000
60000
« 70000
« 80000
90000

1,00000
+ 10000
20000
+ 30000
40000

40
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99469
+98094
097256
«96708
096331
+96060
1437407
1.07117
100511
498094
+96955
«96331
«95952
495706
195536
+95415
120665
1.01951
298094
« 96708
196060
95708
295491
298352
« 95257
295188
1212073
« 99469
+96955
+36060
#05642
» 95415
95278
+95188
95127
«95083

«50000
260000
» 70000
+ 80000
+ 90000
100000
« 10000
+ 20000
+30000
«40000
+50000
#60000
270000
» 80000
«90000
1.00000
«10000
+ 20000
+30000
40000
50000
+60000
« 76000
«80000
»90000
1. 00000
«10000
+20000
+30000
40000
« 50000
60000

« 70000 .

+80000
+ 90000
1.00000

fo

go
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