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S¥NOPSIS

The . effect of medium immediately surrounding the explosive
source on the properties of the primery compressional waves has
been studied by means of three dimensionzl model.An &2proximate
theory for radiation from a single harmonic line source of P-
waves on the axis of the solid circular embedded in an infinite
homogeneous solid medium has been developed.The results obtained
in toth time and frequency domain are greatly dependent on the
characteristics of the medium around explosion.A varying degree
of seismic risk is evaluzated with the size of the cavity radius
and medium surrounding the source.

INTRODUCTION

An 1mpact of characteristics of the medium surrounding the
source on seismic risk has been considered by few investigators
in the past.A review of physical properties of the medium has been
made in relation to the change of dynamic parzmeters, both with the
aid of observed data and theoretical analysis. We studied some
of the parameters such as coupling and source function by means
of laboratory three dimensional models.

EXPERIMENTAL PROCEDURE

The basic three dimensional model was comprised of cubic-
block of Plaster of Paris,30 cm. on an edge. Explosive charges
were cast in a spherical capsule, weighing 100mgm each. The
charge was centered in each experiment and the sphericzl symmetry
of source was maintzined by overcoming a few of the factors
such as moisture. The signzsl from an explosion was detected by
capacitance probes, amplified and displayed on an oscilloscope
for recording. The block model was shielded with aluminium foil
so that no electrical transients are picked up. The experiments
were carried with explosive cavity around the charge of radii,s,
0.0.31cm 2.0.79%cm 3).2.54cm. Except 2=0.31cm which was contained
shot, other two were surrounded by air and sand respectively. The
seismograms,Figure 2, show the vertical component of motion from
a)contzined shot,b)shot in eir cavity,a=.79cm,c)shot in sand filled
cavity,a=.79cm,d55hot in air cavity,a=2.54cm,e)shot in sand fi
cavity,a=2.54cm, The velocities of P-wave in sand and Plaster
Paris were measured to be0Q.28km/sec and 3.3km/sec respectively.
The vertical timing lines were 50microsec apart on each record.
The oscilloscope sensitivity used is indicated at the right of

each record.

OBSERVATIONS AND THEORY .
An examination of seismograms obtained from sand filled-
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cavities,Figure 2c and 2e, revealed only small variations in
emplitude and a steady increase in the period of first half-
cycle of the primary P-wave for increasing value of the cavity

radius,

The Sharp-Blake(1952) theory is applied in interpreting the
data. The displacement for a single harmonic line source of P
waves on the axis of the solid medium is determined to be
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where
a=cavity radius
20

B= .
L8, and agfeﬁ,fb. are P-wave velocity,density and rigidity
two media respectively.

The response functicn was,T,calculated w%th a=.31,.79,1.27,
1.91, and 2.54cm;3cz.=.70km/sec, ¢, =1.1gm/cc” for sand;x, =3.3km/
sec, €, =1.5gm/cc” for Plaster of Paris. The plot is shown in
Figure 1. The theoretical result from Figure 1 is that the geometric
effect of shooting in a spherical cavity is to shift the spectrum
of the outgoing wave towards lower frequencies. The peak value
of response function is independent of cavity radius.

The peak radial stress transmitted to the medium according
to Nicholls and Duval(1963) is equal to (1+n)P./(1+nR) where
n=constant=5, E=ratio of characteristic impedafice of explosion
and medium. In our experiments the peek radizl stress in the
redium was calculated as 9.2 kilobars.

The equivalent cavity radius is calculated according to the
formule given by Blake(1952):
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where
S
= period of pulse
The results of equivalent cavity radius are illustrated in Tabletl.
For sand-filled the radius of equivalent cavity is smeller than the
cavity radius,a,(i.e.b &) wheras in air this is not the case.

FREQUENCY SPECTRA 4
The fourier primary wave spectra of the five seismograms
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are shown in Figure 3. Figure3la shows the amplitude spectrum of
a coupled shot in Plaster of Paris. The dominant frequency of
P-wave is zbout 20KHZ.

The effect of replacing a2ir by sand in a cavity of radius
0.7%cm on the frequency content and amplitude of the P-wave
can be examined by comparing the spectra of Figures 3b and3lec,
For sand, the peak amplitude is about twice that in zir wheras the
dominant frequency is reduced by a factor of nearly two.

The fourier spectra in Figures 34 andle are shownfor a shot
in a cavity of radius 2.54cm surrounded by z2ir and sand respect-
ively. The peak amplitude in sand is almost ten times as large
as in air wheras the dominant frequency is half its value in air.

The decoupling effect of shooting in air and the increased
coupling obtained insand filled cavities are demonstrated in
Figure 4, which shows the spectra for air and sand cavities when
all the amplitudes are normalized to the spectrum of a coupled
shot. Figure 43 shows an amplitude minima at 30XHZ for sand-
filled cevity of radius 0.79cm, wheras Figure 4D does not show
the sharp minima for sand-filled cavity of radius 2.54cm.

The P-wave spectrum can be significantly altered by surround-
ing the source with 2 materiazl with properties different from
those of the principal medium in which the signal is recorded.
Even for small cavities the inhomogeneity is effective, as long
as the cevity is big enough so that not all of the material in
it is involved in the nonelastic region around the explosion.

The low velocity medium surrounding the source such as sand

may significantly alter the character of the P-wave by consider-
able enhancement of the lower frequency part of the amplitude
spectrum.
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PIGURE 2. Seismogram records for a)0.31lcm b)0.7Sem with zir
¢)0.7%m with sand d)2.54cm,with air e)with sand.

TABLE 1

Record Cavity Pulse Zquivalent Medium
_Number Radius Width Cavity Redius

a. Q0.31¢em JTmicrosec. l,6cm Plagterof Paris
b. 0.7%m 25 2.4ca Air cavity

c. Q.7%cem & M 0.835¢cx Sand cavity

d. 2.54cm 39 ¢ 3.8ca Alr cawvity

e. 2.54cm 79 1.3ez Sand cavity
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