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ABSTRACT

Seismologists customarily use coda waves to study the inhomogeneous
characteristics of the earth. However, P coda waves have seldom been stud-
led due to their weak signals and short duration time when the epicenter
distance is less than 100 km. In order to manifest the characteristics of the
P coda, a measurement of 2-D physical modeling was made by systemati-
cally changing the scattering attenuation and the intrinsic attenuation of
the medium.

Based on the experimental results, the decay rate of the P coda with
elapse time is independent of the scattering attenuation; in contrast, the
excitation level of the P coda is proportional to the scattering attenuation.
Moreover, the amplitude decay with the elapse time of P coda waves can he
satisfactorily interpreted by the model of energy transfer (Shang and Gao,

1988).
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1. INTRODUCTION

The decay rate of a coda wave 1s independent of the distance and the path between the
epicenter and a station. Similarly, it 1s independent of earthquake magnitude and receiver
station representing an average property ot the region containing the source and receiver (Aki
and Chouet, 1975). Since i1t 1s easy to completely and uniformly measure the coda QQ over a
large area, 1t 1s convenient to use coda waves to study the source characteristics and properties
of the geological structures and site etfects (Herraiz and Espionsa, 1987). Akt and Chouet
(1975) suggested that 1t 1s better to use the coda waves to evaluate the inhomogeneous proper-
ties of an area 1f the epicenter distance 1s less than 100 km. Essentially, the same things can be
done based on the P codas. Although some ot the characteristics of teleseismic P coda waves
have been investigated (Basham and Ellis, 1969; Greentield, 1971 Sato. 1984; Dainty, 1990
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Gupta and Wagner, 1992: Wagner and Langston, 1992), those P coda waves with an epicenter
distance less than 100 km are not very often used because 1t 1s difficult to accurately 1dentity
the P coda due to the possibility of their mixing with S-waves.

To understand the scattering ettect of heterogeneity and the attenuation ot the medium on
P coda waves, physical modeling experiments were conducted 1n this study.

2. EXPERIMENTS AND RESULTS

in an ultrasonic 2-D physical modeling experiment here, the characteristics ot the P coda
waves were observed. The detailed experimental setup and procedures are presented in Chang
(1995). A plexiglass plate and a duralumin plate were individually taken as a 2-D homoge-
neous medium. The former was specified with a strong intrinsic attenuation coetficient, was
taken as a soft and low velocity area, such as a sedimentary basin. The latter with a weak one,
was taken as a harder and high velocity one, e.g., an 1gneous area. The physical properties and
dimensions of the plates are shown in Table 1. A disk transducer PZT-4, inlaid 1n the plate,
was like a point source and generated P-waves 1nto the model. Chang (1995) describes the
characteristics of the transducer clearly. The holes were distributed randomly 1n the plate and
were used as scatterers in the present study.

Table 1. The properties of the plexiOIa% plate and duralumin plate.

Medium Demlty elocity (m/sec) Attenuation Loefﬂuent (1/m)
 eremd) P W 1ves S-waves

2300 | 1280 )7 leO’XH() /26*\498><1()- X fr0.243%
5270 | 3100 .29 £ 0.04 0.46 T0.18

The percentaoes of the volume ratio (VR) of the holes to the plate for the plexiglass
models were (.5, 1. 2 and 3.3 for increasing scatterer numbers, but the VR for the duralumin
models were 1.24 and 2. The dominant frequency of the source wavelet was 100 KHz and the
radius of the void scatterers was 0.1 cm tfor the plexiglass plate. However, as for the duralumin
plates, the dominant trequencies were 500 KHz, 200 KHz and 100 KHz with the radi of the
scatters being 0.1 cm and 1 cm. The radiant component and transverse component are mea-
sured for analysis. The values of scattering Q (Qs) of the plexiglass plate and duralumin plate
with variant scatterers could be estimated by the averaging wavetorm method (Hsieh and
Chang, 1996).

The seismogram of the transverse component in the plexiglass plate 1s shown in Figure 1,
and the amplitudes 1n the time window, 25-250 micro seconds, are used to calculate the root-
mean-square amplitude. Figure 2 shows that the root-mean-square amplitude ot the transverse
component in the plexiglass plate decays with the elapse time of the P coda waves for ditferent
scattering densities. The decay rates are almost similar tor all cases, thus indicating that the
decay rate 1s nearly independent of scattering attenuation. The excitation levels of the P coda
waves 1n the plexiglass plate are shown 1n Figure 3, noted that the excitation level 1s propor-
tional to scattering attenuation (1/Qs). Although the sources emit ditferent energies depending
on fiaving different driving frequencies and being ifaid in ditrierent prates, the varration of the
amplitudes with elapse time tor several cases in the duralumin plate are very similar 1f not




Fig. I. The seismogram of the transverse component in the plexiglass plate. VR
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Fig. 2. The root-mean-square amplitudes of the transverse components of the P
coda decay with elapse time 1n the plexiglass plate.attenuation for the
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Fig. 3. The excitation level of the P codas vs. the scattering attenuation (1/Qs) in
the plexiglass plate.
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Fig. 4. The root-mean-square amplitudes of the transverse components of the P
coda decay with elapse time 1n the duralumin plate, where a 1s the radius
of the scatter and F i1s the dominant frequency of the source wavelet.
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equivalent (see Figure 4). This indicates that the decay rate 1s also independent ot scattering

3. DISCUSSION AND CONCLUSIONS

The decay of S coda waves with elapsed time depends only on the intrinsic attenuation
(Frankel and Wennerberg, 1987; Shang and Gao, 1988; Hoshiba, 1991; Matsunami, 1991),
and on the basis of this study, 1t may be conciuded that the P coda waves are the same.

The theoretical curve of the P coda wave decay with elapse time can be computed by the
energy tlux method (Shang and Gao, 1988) when the source and detector are placed at the
same point 1n the 2-D model by the following equation :

iVt

Aot g -(V-1)y '™, (1)

where A  (t) 1s the envelop of coda waves, gs 1s the scattering attenuation coefficient, gr 1s the
Intrinsic attenuation coetficient,V 1s the velocity of the medium, and ¢ 1s the time. By using the
P-wave velocity and its intrinsic attenuation coefficient of the plexiglass and duralumin plate,
the theoretical decay curves (thick dashed lines) of the P coda waves depicted by Equation (1)
are shown in Figures 2 and 4, respectively. These figures show that the energy flux model can
describe the decay rate of the P coda very well, even though the energy flux model was origi-
nally used for the S coda waves. By comparing the decay rates of the P coda waves 1n Figures
2 and 4, it 1s noted that the decay rates in the duralumin plate are slower than those in the
plexiglass plate. This might be due to the fact that the intrinsic attenuation of the duralumin
plate 1s weaker than that of the plexiglass plate.

Figure 3 shows that the excitation level of the P coda waves 1s proportional to the scatter-
Ing attenuation. This result 1s the same as that found by Matsunami (1991), Aki and Chouet
(1973), Shang and Gao (1988) and Hoshiba (1991). They showed that the excitation level of
the S coda 1s proportional to the square of the scattering attenuation when the source and
detector are placed at the same point.

The present results can be applied to P coda waves generated from an artificial explosion.

The P coda excitation level is related to the P-wave scattering attenuation, while the decay rate
1s dependent on 1ntrinsic attenuation.
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