Wave Solutions in Vertically Varying Media

*Spherical & plane wave solutions considered thus far are valid only within
homogeneous space, or smoothly varying media.

«For vertically inhomogeneous media new solutions are found by solving
boundary value problems, where there is continuity of traction and
displacement across media discontinuities. i.e. stress & displacement are
transmitted and surfaces remain in contact.

*We consider reflection and refraction of SH waves at a welded
discontinuity.
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System of Equations
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and transmission (T) coefficients depend on the angle ojf incidehce of the wave with
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Snell's Law is General
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Example — Northridae Earthauake

Recorded Ground Velocities
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A, Rock Sutions
W Vi Deashy Thickness Depth
(kmsec) Thmisec) (gfem) km) (km)
1.8 L0 A | 05 0.0
4.0 20 24 1.0 0.5
35 32 27 25 15
63 36 8 23.0 40 |
6.8 39 29 13.0 270 |
78 4.5 33 400
Sol MQ&R& 1. Soil Siations |
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3 1l 1.0 2.1 0z ga| 3%
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Example: Bolinas
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Reflection & Transmitted Energy - Waves Incident from
Below
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Snell's Law is General
a_ p
dx o,

a, 2
Ifa,>a, j>i

Ifa,<a, j<i

_sin(i) _sin(j) _sin(k) _ otc

Direct Wave

20



Alternative Solution Technique

Suppose x, h, and a are given. How can we solve for p, arrival time (T) and
the reflection transmission coefficients?

Shooting rays

Xgiven = h- tan(i) Find value of i that gives desired distance
sin(i
p = ( ) Calculate the ray parameter
o
T= px + 77h Calculate arrival time and other parametes

(e.g. transmission & reflection coefficients

This seems more difficult, but there is a clear advantage in more complicated
problems.

Reflection

X

T=PpXx+2nz
- X xi2-2 ¢ ¢
2Ra Ra

X +4z°  AIx*+47° a
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Alternative Method

Xgiven = 2h- tan(|) Find value of i that gives desired distance
— Sm(l) Calculate the ray parameter
a
T=pPX+ 277h Calculate arrival time and other parametes
(e.g. transmission & reflection coefficients)
Head wave
Arrival Time
T = px+ 252 Cross-over distance
1/2
X X 1 1
1/2 —=—+2—-——|
X 1 1 a  a, o o
=—+ 2 2 - 7 zZ
a, o o
x* (@, — o) — 472 (azz _0‘12)
Critical Distance alal alal
tani) =P =X ,
o2 Xz(az—al) :4zz(az+a1)(a2_a1)
p 1 1
X, =271—=27—
n ﬂz[l 1}“2 X =27 (@, +a)
2 p2 c
BB o,
=2z A
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Typical Traveltime Curve

=
-
E /__./'
= =
o -
= b
= /_./
o
| /T/
e
2z - - |
== -
L
/__./ | |
> .
| ! distance
P I
critical crossover
distance distance
How does it change for a source not at the surface?
©
© e
! ,/‘l/
2z-h i |
o _,—-/4'”/ |
& — ! |
fI L
| J distance
P |
critical crossover
distance distance

23



Seismic Refraction

Seiswmic cuble

e

Geoghone aruy

Energy souree

| Timing start signal

Magnetic tape recorder (or computar)

Power source (battery)
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Hidden Layer Problem

1 S| i
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Both low velocity and hidden (thin) layers are complications
that cannot be resolved from only first arrival time data.
Secondary arrivals or amplitudes need to be employed.

Dipping Layer Problems

Slo,
e M2
=T Apae AT
b2 b
.9%
> S
) &
Py r
£
Dipping away from source - refraction rays Dipping toward the source - refraction rays
get progressively longer - lower apparent get progressively shorter - higher apparent
velocity walocity

LN/
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Dipping Layer Problems
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Reflection image courtesy of
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Homework 4

m 7

B,

How do we set up this problem to find arrival time and wave
amplitude?
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=(h-z)-tan(i) + - tan( j)

_ (h _ Z)- tan(i)+z- tan(Sinl(%Sin(i)))

2

x:(h—z)-tan(i)+z-tan(sin1(%sin(i))) Find i

1

— M Calculate ray parameter
o,
— Calculate arrival time
T=px+n, (h-2)+n,z
T p)= M Calculate transmission coefficient
M, + 1,n, for amplitude
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How about the setup for first multiple arrival?

X

A4
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