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On Seismic Waves Generated by Explosions (1)
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Susumu I1zukA

Abstract
1. Imtroduction

It has been tried by many investigators to research the structure of upper parts of the
crust precisely by the explosion seismological method and to estimate stress accumulation at
depth from velocity changes of seismic waves generated by an explosion.

For the purpose of further investigations, various fundamental considerations and ex-
periments must be studied, that is, the determination of optimum charge amounts, the effects
of shot depth, geological conditions of shot hole, observed wave groups, the predominant period
of waves generated, variations of the amplitude and the form of seismic waves through different
media, and so on.

There are two research groups of explosion seismology in Japan. One is the Research
Group for Explosion Seismology (RGES) and the other is the Research Group of Seismic Ex-
ploration (RGSE).

The investigations of crust and upper mantle structure in the Japanese islands have been
performed by the members of RGES. On the other hand, the RGSE have studied experimentally
and theoretically on the seismic waves generated by a very small explosion.

The present experiments correspond to the case of intermediate scale explosions in
comparison with the ones carried out by above-mentioned two research groups. As the first
step, the following three subjects are discussed in the present paper:

1) the characteristics of wave groups observed

2) the predominant periods in the initial motions

3) the dispersion of surface waves
2. Experimental Procedure

The positions of shot points and observation station on this experiment are shown in Fig. 1.
All detonations were made under water of Japan Sea and only one observation station was
placed on a small island, Awashima, Niigata prefecture. The vertical component transducer
(fo = 3.5 cps) was used and, through pre- and main amplifier, connected with the magnetic
tape recorder.

Charge amounts and epicentral distance, 4, in each shot are shown in Table 1.

3. Experimental Results and Discussion
(1) Classification of wave groups and its rise and fall

By analizing the seismograms, three wave groups are recognized as follows.

A-group: remarkable phases continuing the initial part of vibrations, probably con-
sisting of body waves (mainly refracted P-wave).
B-group: at 4 = 120km, it appears clearly, small amplitude, probably surface waves.

C-group: it appears in the range of 4 = 30~80km, having almost constant period,
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relatively large amplitude, low group velocity, and certainly surface waves.

(2) The predominant periods in the initial motions

The predominant periods in the initial motions for the both cases of charge amounts 50

kg and 100 kg are examined by Fourier analysis. Itshowsabout 0.2 secin the range of several tens

kilometers of the epicentral distance in both cases.

The relation between charge amounts and the predominant period in the initial motions

is shown in Fig. 5.

(3) Dispersion of wave group C

The periods of this wave group are mostly limited within 0.1-0.2 sec and it is not dis-

persive. Its group velocity shows a value of 1,300-1,400 m/sec, lower than the sound velocity

in water ( = 1,500 m/sec).

From these facts, it is inferred that wave group C corresponds to the Airy-phase.

(4) Time-distance curve

The time-distance curve shows that underground structure in this region is composed of

the following three layers.
Ist layer—apparent velocity 5.7 km/sec
2nd layer—apparent velocity 6.4 km/sec
3rd layer—apparent velocity 7.8 km/sec

It certainly scems that 3rd layer is under Moho-discontinuity.

4. Conclusion

The main results of present experiments are as follows:

1) In case of under water explosion, we can obtain the records with high accuracy in the

range of several tens kilometers of the epicentral distance, only for 50 kg in charge amounts, if

noise-level at the observation station is sufficiently low.

2) The wave records can be classified into three groups. These are called A, B, and C wave

groups. Wave group A consists of body waves, and B and C are supposed of surface waves.

3) The predominant period of the initial motions is about 0.2 sec.

4) Wave group C is not dispersive and its group velocity is slower than the sound velocity in

water, so that this group seems to be the Airy-phase.

5) It is inferred the underground structure in this region is composed of three layers.
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