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Abstract

Source locations of elastic shocks caused by micro-fractures in
various rocks subjected to bending stress were determined by a new
experimental system, which consists of piezo-electric type transducers,
amplifiers, dual-beam synchroscopes and moving cameras. In hetero-
geneous rocks, elastic shocks markedly increase before a main rup-
ture. In the earlier stage, sources of elastic shocks locate at random
in a rock sample. In the later stage, they concentrate in one or more
limited regions in the sample, and the shock activity in other regions
decreases. Just before rupture, one of the highly active regions extends
in the direction perpendicular to the applied tensile stress. In rocks

~ with homogeneous structure, however, rupture takes place suddenly
without the above-mentioned micro-fracturing process. These results
observed in laboratory are very helpful to understand the process of
foreshock occurrence in earthquakes.

1. Introduction

In previous papers (Mogi, 1962a, 1962b, 1962¢c, 1963a, 1963b, 1967h),
we have systematically studied micro-fracturing behaviors of various
rocks and other heterogeneous brittle materials subjected to external
stresses, by observing elastic waves of shock type accompanying micro-
fractures. We called these elastic waves of shock type caused by
fractures elastic shocks. One of the purposes of the previous studies
of elastic shocks was to clarify .the mechanical process of rock failure.
Another purpose of the studies was to get a clue to understand the
earthquake generation mechanism, from the standpoint. of the fracture
theory of earthquakes in which earthquakes are thought to be caused
by brittle fracturing of the earth’s surface layer. These laboratory
studies of elastic shocks have led to the physical understanding of some
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important features of earthquakes. The present study is a continuation
of these previous studies.

Our previous studies (e.g. Mogi, 1962a) and studies by other workers
(Obert and Duvall, 1942; Vinogradov, 1962; Watanabe, 1963; Suzuki and
Hamaguchi, 1966; Nagumo and Hoshino, 1968; Scholz, 1968a) have been
mainly devoted to the time and the magnitude distributions of elastic
shocks in the fracturing process. However, systematic studies of other
interesting features, such as radiation patterns and source locations of
elastic shocks, have been left undone up to now. New experimental
devices used in the present study have made it possible to investigate
these features of elastic shocks. In this paper, source locations of elastic
shocks in the fracturing process in various rocks subjected to a bending
stress are discussed.

Recently, Scholz (1968b) tried to determine source locations of
elastic shocks prior to rupture of a granite specimen, by use of initial
motions of S-waves. He remarked a clustering of micro-fracturing on
the eventual fault plane. In his study, however, a total of twenty-two
shocks only were located and results were accompanied by appreciable
errors, so that detailed features in source locations in the fracturing
process were not clear.

The present experimental procedure by use of initial motions of
P-waves is very simple and provides accurate results. By this new
technique, a large number of source locations in successive stages in
fracturing process have been determined for various rock specimens with
different structures.

Source locations observed in the present experiment help us to
understand the process of fracture propagation prior to rupture, and
also the process of foreshock occurrence in earthquakes.

2. Experimental procedure

2-1. New technique for measurement of elastic shocks

A failure of a rock sample is preceded by anomalous increase of
deformation and usually by the occurrence of elastic shocks caused by
micro-fracturing. According to a previous study (Mogi, 1962a), the
process of occurrence of elastic shocks is characterized as a stochastic
process, so that the occurrence of each shock cannot be predicted. These
elastic shocks are very high frequency elastic waves, although they
contain also a low frequency part. The predominant period of an elastic
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shock accompanying micro-fracturing of 8 millimeter length may be
roughly estimated 1 g sec from (velocity of crack propagation) X (crack
length). Scholz (1968b) pointed out such very high frequency waves in
elastic shocks. In general, amplitudes of elastic shocks vary widely.

In previous studies except for Scholz’s ones, elastic shocks were
recorded by an electromagnetic oscillograph after high amplification of
signals from piezo-electric type transducers. The system was suitably
applied to investigations of some features, such as the magnitude-fre-
quency relation and the time distributions of elastic shocks. However,
the frequency range in the system is too low to observe wave forms of
elastic shocks and to detect differences in arrival times of elastic shocks
within small rock samples.

The synchroscope-moving camera system used in the present study
makes it possible to observe such very high frequency waves and to
detect a small time difference, such as 1 zsee. The present experimental
arrangement is schematically shown in Fig. 1. The transducers used in
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Fig. 1. Experimental system for measurement of elastic shocks caused by micro-
fracturing.

the present study are lead-titanate-zirconate compressional mode disks,
10mm in diameter and 3 mm thick. To observe completely an initial
part of a signal, transducers for triggering of synchroscopes and cameras
were situated close to a source region, and transducers for observation
of signals were placed at a distance from the source region. Amplification
was achieved by pre- and main-amplifiers of which frequency response
was flat from 10kz to 1 Mhz. Signals traced in two Iwasaki DS-5158
dual beam synchroscopes were photographed by Borex H16M moving
cameras which had been ready for a shot. Just after photographing,
a single frame of a film was moved and the cameras were ready for
the next shot. Two traces were recorded in a single frame and one
micro-second difference in arrival time between two traces was detect-
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able. For time recording, a watch was photographed on the same film

and the time in seconds can be read from it. The applied load and the

deformation of samples were measured hy meters of electric-resistance
strain gage type and they were continuously recorded together with
pulses showing the occurrence of elastic shocks.

This system is very suitable for our present purpose in the following
respects :

(1) Almost all shocks, which are larger than a fixed magnitude, can
be observed for short or long time experiments.

(2) A micro-second time difference between two traces is detectable,
so that source locations of elastic shocks in a small sample can be
determined accurately.

(3) By suitable setting of transducers for triggering synchroscopes,
the wave shape of elastic shocks including an initial motion can
be observed.

(4) Multi-trace observations are possible by increase of channels in the
same system.

(a) Kaech frame shows two (b) Each frame shows two traces
traces from the same transducer by from different transducers P; and Py
different magnifications. in Fig. 3.

Fig. 2. Examples of records of elastic shocks observed in bending experiment of
a granite specimen. Arrival times in seconds are indicated by the watch photographed
in each frame.
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Some examples of observed signals are represented in Figs. 2(a) and (b).
The two traces in each single frame in Fig. 2(a) are records of the
same signals with different magnifications. Such observations with dif-
ferent magnifications have been made for discussions of magnitudes of
elastic shocks with very different magnitudes. Two traces in each frame
in Fig. 2(b) show records of the same shocks from different transducers
situated at different places. From differences of arrival time of P-waves
between two traces, locations of sources are determined in millimeters
in many cases. Furthermore, by this experimental technique, radiation
patterns of elastic waves, frequency spectrum and other features can
also be investigated.

2-2. Determination of source locations of elastic shocks

In the present study, a bending stress has been applied to rock
samples. Initially the stress was applied with a relatively high rate
and then the stress rate gradually was decreased. Before rupture, the
stress was held at a nearly constant value. This mode of loading is
suitable for studying the fracturing process prior to rupture.

The sample shape and the loading system are shown in Figs. 3 and
4. By this application of a uniform moment to the central part of the
sample, the upper and the lower sides are stressed in compression and
tension, respectively. Since the tensile strength of brittle rocks at
atmospheric pressure is about one-tenth of the compressional one, frae-
tures take place only on the tensile side in the central part, particularly
in the surface layer. Thus, if the stress gradient in depths is ignored,
this experiment is. essentially equivalent to a simple tension test, in
which the tensile stress on the surface layer is uniform in the ecentral
part of the sample. Observations in combined stress systems will be
made in the next studies.

(a) Ome dimensional case

At first, one dimensional locations of sources of elastic shocks in
a direction of tensile stress (OL) have been observed. Locations of
transducers are shown in Fig. 3. P, and P, are transducers for measure-
ment of signals and P, is a transducer for triggering a synchroscope-
camera system. A delay of arrival times of shocks at P, and P, from
P. makes it possible to observe initial motions of elastic shocks. Examples
of signals observed at P, and P, in the fracturing process in a granite
sample are shown in Fig. 2(b). Since the velocity of P-waves is known,
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Fig. 3. The sample and transducers
used in studying one-dimensional source
locations of elastic shocks in rocks subjected

to bending stress. P; and P,: transducers R
for shock observation; P:: transducers for Fig. 4. The sample and transducers
triggering synchroscopes and cameras. used in studying two-dimensional source

locations of elastic shocks. P; and P,:
transducers for shock observation; P::
transducers for triggering synchroscopes
and cameras.

locations of sources in the OL direction can be determined from the
difference in arrival time of P-waves between two traces.

(b) Two dimensional case

Two dimensional locations of sources can be determined by applying
the above-mentioned method to two directions. Test specimens used in
the present study are shown in Fig. 4. Measurements for the OL
direction are similar to that in the one dimensional case. Locations in
the direction to perpendicular to OL are measured from the difference
in -arrival times between P, and P,. Strictly speaking, two dimensional
locations of sources of elastic shocks can be calculated from these two
differences in arrival times in consideration of velocity distribution. To
obtain a delay time at P, and P,, paraffin blocks were stuck on both
sides of the rock sample. For the visco-elastic properties of paraffin, the
paraffin blocks do not affect seriously the stress distribution, but they
act as good mediums for propagation of elastic shocks. Similarly, three
dimensional source locations can be determined by applying the method
to three directions. \

2-3. Materials used
Three granites, an andesite, a trachyte and three marbles were used
in the bending experiment. Their mechanical properties and petrographic
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features are described in previous papers: Inada granite, Shirochoba
andesite, Mizuho trachyte, Yamaguchi fine-grained and coarse-grained
marbles (Mogi, 1964); Mannari granite (Mogi, 1965); Kitagi granite (Mogi,
1962a). Mechanical structures of the granites, the andesite and the coarse
grained marble are considerably heterogeneous and those of the trachyte
and the fine-grained marble are nearly homogeneous. Measurements
were made on four or five specimens for each rock. Compression tests
were done on Saku-ishi tuff (Mogi, 1965) which is porous and non-uniform
in structure.

3. Experimental results

As seen in Figs. 2(a) and (b), observed elastic shocks are quite
similar to earthquake waves in shape. In some cases, the S-phase cleary
can be identified, but in many cases the phase is not clear. The pre-
dominant periods of initial parts of elastic shocks observed at P, and
P, were in the range from 5 ps to 10 gs, but this range may not indi-
cate periods at sources, because of marked attenuation of high frequency
waves in rock samples.

The processes of the increase of elastic shocks prior to rock failure
were ascertained by the present experiment. The results agree with the
previous conclusion (e.g. Mogi, 1962a) that the elastic shock activity
is higher in more heterogeneous rocks. This feature will be discussed
again below, in consideration with source locations of elastic shocks.

As an example of the pattern of increase of elastic shock activity,
the frequency curve and the axial and lateral strain curves in a
Saku-ishi tuff sample subjected to uniaxial compression are shown in
Fig. 5. In this compression test, a new sample shape reported in a
previous paper (Mogi, 1966) was used to eliminate stress concentration
at the end of rock sample. As discussed by Scholz (1963a), the ac-
cumulated frequency of elastic shocks and the non-linear part of the
volumetric strain (4V/V),, increase in parallel before rupture. This is
consistent with the fact that elastic shocks ocecur due to micro-fracturing
in rock.

3-1. One-dimensional source locations of elastic shocks

a) Yamaguchi“maﬂrbles with different grain sizes . S
Three marbles with different grain sizes have been studied. Their
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Fig. 5. Frequencies of elastic shocks
(above) and strains (below) as functions of
applied stress, in a uniaxial compression
test of Sakuishi tuff. = and N: frequency
and accumulated frequency of elastic
shocks; ¢; and € axial and lateral strains; . Fig. 6(a) and (b). Source locations of
(4V]/V)ne: non-elastic volumetric strain. elastic shocks in the OL direction as funec-

tions of time in Yamaguchi marbles. (a):
fine-grained marble; (b): coarse-grained
marble. ¢ and e: stress and strain at the
tensile side of specimen.
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grain sizes are about 0.2, 2, and 5mm in diameter. The mechanical
structure of fine-grained marbles is regarded as homogeneous in the
investigated scale (e.g. Mogi, 1962a), and that of coarse-grained marbles
is appreciably nonuniform. According to previous studies, fracturing
behaviors are dependent on the structural heterogeneity, so that it is
expected that the fracturing process systematically varies with grain
sizes. o
Figs. 6(a) and (b) show typical experimental results for the fine-
grained marble (YF) and the coarse-grained marble (YC), respectively. Each
upper figure indicates locations of sources of elastic shocks in the OL
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direction as functions of time. Different diameters of circles show
different magnitudes of elastic shocks. Lower figures show the applied
stress and the strain as functions of time. In the fine-grained marble
with a homogenecus structure, any remarkable elastic shocks do not
occur prior to a main rupture. In the coarse-grained marble, however,
a number of elastic shocks continued to occur up to a main rupture.
In this case, sources of elastic shocks do not locate at random, but with
a tendency which seems to suggest the propagation of cracks. It is
noteworthy that the occurrence of elastic shocks is not continuous up
to the main rupture. Fracturing behaviors of the medium-grained marble
were intermediate between the above-mentioned extreme cases. These
results are consistent with the previous conclusion that the shock activity
prior to the main rupture depends on the structural heterogeneity.

b) Mizuho trachyte (@ homogeneous silicate rock)

As a nearly homogeneous silicate rock, the Mizuho trachyte with
uniform structure, has been studied. Three examples of experimental
results are represented in Fig. 7. A bending stress was applied very
gradually before rupture, as in marbles. Only a few elastic shocks
were observed before rupture, and the main rupture took place suddenly
without any direet connection to preceding shocks. Observed elastic
shocks are small in number, but they seem to be rather large in magni-
tude. However, the number of shocks was too few to discuss the
magnitude-frequency relation of elastic shocks in this homogeneous rock.
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¢) Granites (heterogeneous silicate rocks)

As heterogeneous silicate rocks, Inada, Kitagi and Mannari granites
have been studied in detail. In general, the process of occurrence of
elastic shocks before rupture is devided into the following three stages ;
(A): Initial stage in which any appreciable elastic shocks do not occur.
(B): In this stage, elastic shocks begin to occur and their sources locate
randomly in the specimen. (C): The last stage in which sources of
elastic shocks concentrate at limited regions. Some typical examples
are explained below. '

c-1) A single fracture zone ‘
Fig. 8 shows a typical simple pattern of source locations. Elastie
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shocks begin to occur at a stress level and increase with the increase
of the applied stress. In this stage (B), sources of elastic shocks locate
at random in a direction of tensile stress. In the next stage (C),
sources begin to concentrate at a region and they continue to occur at
the region up to the main rupture. Activity in other regions decreases
gradually with time, and just before rupture, source locations of elastic
shocks are completely limited to the above-mentioned region where the
main rupture will oceur. The total frequency distribution of sources
in the OL direction has a single sharp peak.

c-2) Double fracture zones

In this case, the total frequency distribution of sources in the OL
direction has two peaks at I and II zones (Fig. 9). The micro-fracturing
process is also divided into stages A, B and C. In stage B, sources of
elastic shocks nearly randomly distribute, and at stage C,, they concen-
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Fig. 10. Frequency curves of elastic shocks originated from the whole
region (above), I zone (middle) and II zone (below). Stages A, B and C corre-
spond to those in Fig. 9.

trate to I and II zones, and source locations at the last stage C, are
limited to I zone.

In Fig. 10, frequency curves of elastic shocks originated from I
and II zones are represented together with the total frequency curve.
The total frequency curve may suggest apparent stationary occurrence
of elastic shocks except for the last stage (C.). However, the lower
two curves indicate significant changes of the fracturing process. In
stage B, the elastic shock activity markedly increased in II zone, but it
was very low in I zone. At stage C,, the activity gradually decreased
in II zone, but began to increase in I zone. At the last stage (C,), the
activity completely decayed in II zone, but increased rapidly in I Zone.
The micro-fracturing activity in I zone was built up to the main rupture.
Thus, adjacent zones closely interact on each other. This phenomenon
will be discussed again in a later section.

c-3) Triple fracture zones

The pattern of source locations in Fig. 11 is more complex. The
total frequency distribution of sources in OL direction has three marked
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peaks at I, IT and III zones. The source distributions in the stages
(2) and (3) are shown in Fig. 12. The most active region

(1),
located at I zone in the initial stage (1), at II zone in the middle stage
(2) and at III zone in the last stage (8). Thus, the active region sys-

tematically displaced with time in the 6ﬁ direction. The observed
macroscopic fracture pattern approximately agrees with locations of these
. active zones, as shown in Fig. 12.

In Fig. 138, the energies released by elastic shocks in I, II and III
zones are shown as functions of time. The actiivity in I zone abruptly
increased in the stage (1) and systematically decreased in the following

With

stage. This curve is similar to a typical earthquake swarm curve.
decay of the activity in I zone, III zone became markedly active. The
activity in II zone seems to show a pattern intermediate between the

adjacent zones I and III.
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3-2. Two-dimensional source lo-
cations of elastic shocks

|
E The two-dimensional distribu-
i‘:> tions of sources of elastic shocks
! have been studied for the above-
: mentioned various rock types. The
Fig. 12. Distributions of sonrces of results of heterogeneous silicate
elastic shocks in the OL direction' in the rocks, which are characterized by
(1), (2) and (3) stages, and their total . . ..
distribution. A lower figure shows an a high elaStlc shock activity, are
observed main crack pattern. very helpful to understand the
fracturing process prior to rup-

ture. Three examples are described below.

a) Inada granite (I4)

Fig. 14 shows the one-dimensional source locations as functions of
time. This is a typical pattern of source locations in heterogeneous
silicate rocks, as mentioned above. The two-dimensional source locations
in successive stages are represented in Fig. 15. In stage B, sources
distributed at random in the stressed region. At this stage, the location
of the following main rupture cannot be predicted. In stage C,, sources
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of elastic shocks began to occur concentratedly in a limited region.

Stresses at the tensile side are
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Fig. 15. Two-dimensional source loca-
tions of elastic shocks in successive stages
in Inada granite (I4). Stages B, C;, C,
and C; correspond to those in Fig. 14.

In

stages C, and C,;, the source region developed in the direction perpendi-
cular to the applied tensile stress up to the main rupture.

The successive development of the active area before the main
rupture is represented with the main crack pattern in Fig. 16. The
highly active areas, the shaded areas in this figure, successively migrated
outward, and an area where the activity had been markedly high in a

preceding stage became relatively calm in the following stage.

This
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Fig. 16. Successive development of the source region of elastie shocks in the stages
C,;~C; and an observed main crack pattern.

feature in the fracturing process is seen in the seismic activity in fields,
as will be: mentioned in a later section. In Fig. 16, the main fracture
pattern observed after the experiment is compared with the source
locations of elastic shocks. This result suggests that the above-mentioned
development of the source region indicates the successive propagation of
rupture.

b) Inada granite (I5)

The one-dimensional source locations in this case was described in
c-1) in the preceding section (Fig. 8). The areal distributions of sources
in successive stages are shown in Fig. 17. In stage B, the activity of
elastic shocks was markedly high and source locations were also at
random and any linear locations suggesting the future development of
fracturing could not be found. In the next stage (C,), some weak
concentration of sources took place at the center of the investigated
area. The concentration of sources in the limited area became evident
in the following stage C,, and the source area developed to the whole
width of the sample in the last stage C;. In Fig. 18, the successive
development of the source area in stages C, and C; is shown with the
main fracture pattern observed after the experiment. The curved shape
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of the source region in stage

C, corresponds well to the ob- : Granite “5)A

served fracture pattern. 5 M . .‘Z.e..'
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and 20. The process is also Ci .. - :
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and C, but the elastic shock % v

activity is noticeably lower in . .’

andesites than in granites. .

The concentration of sources Ca ‘

of elastic shocks to a linear :&

zone perpendicular to the 5
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was also found, but the degree ]
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somewhat lower than that in 4’: .

granites. A regular distri- . 3’

bution of sources along a line . -4 =2 o 2 4 &

was observed in stage C.. Tk inem

Further study of fine patterns - TFig. 17. Two-dimensional sources locations

1 . larif of elastic shocks in successive stages in Inada
of source locations may clarify granite (I5). Stages B, C;, C; and C; correspond

the fracturing process in more to those in Fig. 8.
detail.

4. Discussion

4-1. Micro-fracturing process prior to rock failure

The previous papers (e.g. Mogi, 1962a) showed that studies of elastic
shocks caused by micro-fracturing provide fundamental information on
the mechanism of rock failure. In these previous studies, however, the
number and the energy of elastic shocks originating from the whole
sample, without any consideration of source locations, have been discussed.
In the present study, the source locations of elastic shocks in successive
stages of fracturing have been obtained.

With consideration of source locations of elastic shocks, the micro-
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in Shirochoba andesite (S2). A total distribution of sources is shown by a curvé in the
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Fig. 20. Two-dimensional source locations of elastic shocks in successive stages in
Shirochoba andesite (S2). Stages B, C;, C; and Cs correspond to those in Fig. 19.

fracturing process of rocks subjected to an increasing stress is devided into
three stages A, B and C. In stage A, any elastic shock activity is not
observed, because the stress level is too low to cause micro-fracturing.
In the next stage (B), elastic shocks occur randomly in the specimen,
without appreciable concentration of their source locations. In stage C,
many sources concentrate in one or more limited regions, and the activity
in other regions decreases. Micro-fractures in one of the active regions
develope to the main rupture. .

These three stages are all observed in heterogeneous rocks, such
as granites, but stages B and C are not observed in rocks with uniform
structures, such as fine-grained marbles and Mizuho trachyte.

In most cases, the main crack was a tensile one perpendicular to
the direction of the applied tension. All micro-cracks are also tensile
ones perpendicular to the applied tension, because initial motions of
P-waves of elastic shocks are clearly directed outward at P, and P,
which are situated in the direction of the applied tension. Thus, the
observed successive development of the source region just before rupture
suggests the process that the main rupture takes place by developoment
of a densely cracked region in that direction.

In stage C, interaction between adjacent fracturing regions was
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Fig. 21. Epicentral distributions of foreshocks, a main shock, and
an aftershock region, in Kita-Izu earthquake (1930), Iturup earthquake
(1968), Aleutian earthquake (1965) and Chilean earthquake (1960).

sometimes observed, as mentioned above. This process is shown typically
in Fig. 10. The activity in I zone begins to increase with the decrease
of the activity in the adjacent zone II where the micro-fracturing
activity was high in the preceding stage. This process may be under-
stood as follows. The micro-fracturing activity in II zone under increasing
stress decreased by the stop of crack propagation caused by some barriers,
so that higher stresses were needed for further propagation of cracks
in IT zone. In this stage, another crack I which was stronger than II
at the preceding stage began to propagate. Such compensative oceur-
rence of elastic shocks in adjacent regions is very interesting, because
a similar feature is seen in earthquake occurrence.

4-2. Relation to earthquake phenomena

(i) The observed micro-fracturing process prior to rupture is very
suggestive of the foreshock phenomena in earthquakes. In non- -uniform
structures, the foreshock activity prior to & main shock. may increase
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Tig. 22. Epicentral distributions of earthquake (M>4.0) during three suc-
cessive periods in Matsushiro earthquake swarm (Data from the Seismological
Bulletin of Japan Meteorological Agency).

with the following processes: with the increase of stress, the foreshock
activity gradually increases in a wide area (stage B) and then sources of
foreshocks concentrate in a limited region near the epicenter of the
main shock (stage C). Such concentrative occurrence of foreshocks just
before the main shock was found in several cases for which foreshock
locations are known. Fig. 21 shows examples of epicentral locations of
foreshocks, a main shock, and aftershocks (Mogi, 1967a). However, the
above-mentioned foreshock phenomenon cannot be expected in' homo-
geneous structures.

In relation to earthquake prediction problems, it is very important
to note how foreshocks just before a main shock are diseriminated from
other shocks. Further detailed study of elastic shocks may provide
some clue to solving this problem.

(ii) The migration feature of fracturing activity, shown in Fig. 16, is
also found in earthquakes. In the recent Matsushiro earthquake swarm,
marked expansion of source region has been observed (Hagiwara, 1967).
Fig. 22 shows epicentral distributions of larger shocks (M >4.0) in three
successive periods. The highly active region migrated into the south-
west and the north-east. directions. The region which was active in the
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initial period became calm in the following stages, and the active regions
migrated outward in the NE-SW direction. This feature is very similar
to that in source regions of elastic shocks, which is shown in Fig. 16,
and so this feature may be explained as the fundamental one in fracture
propagation.
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53. EAOREEBEIZ BT % Elastic Shocks 0BRSS AG (1)

wEmes R A H R

FRERBBCHEME T L, R ot > @ik (Elastic Shocks) 235641,
FRMNTFCEN L TEREICE S5, FORERBIEAOME L BERMRETTILE TT
e LI TH B, ThETHE, ZOBREFET S0, £ LT, Elastic Shocks DIFES
TRVE—OBKICER L, FiZ, EEEELERSAOMNEEHL PR T LPEETH
5. AHOITTIX, ZOoOEZBRIOIZHASERRSLCHIEECOVWTHRSR, Thi Ay TRESME
RDIERE BT, AEERAEERORETOMTRRET R 7S, TOREDERDOTRE
% 5iB21%, Elastic Shocks OBFESMEBEL T, ROWICHEISH 5.
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