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DEVELOPMENT OF THE SUSPENSION S-WAVE LOGGING SYSTEM
(Report No. 2)

Kimio OGURA and Sumio NAKANISHI

Abstract

Suspension S-wave logging is a new technique for measuring S-wave velocity that is
carried out with a single sonde into which are built both the vibration source and the receiving
unit. The sonde is simply lowered into a borehole with no necessity of fixing it to the borehole
wall. In order to develop this technique into a practical system, €Y Corporation excavated
a 400 meter test well at its Urawa Research Institute. The authors have used this well to
conduct numerous experiments with the system. This report uses the data obtained from
these tests, and also from in situ measurements taken using this equipment to demonstrate that
the system may be used for practical purposes. _

First, let us briefly summarize the functioning of the system itself (See Figure 4).
Into a single sonde are built an indirect excitation source and two sets of floating geophones.
The system includes a recording device that has a wave memory function. Each of the two
sets of geophones consists of a horizontal and vertical floating geophone. The two sets are
spaced one meter apart.

Each measurement operation is carrled out in 3 steps. (See Figure 5):

(1) Vibrations are radiated in a given direction that is designated N, the “normal”
direction. . The two horizontal geophones, which face in the same direction, pick
up the vibrations. These waveforms are then stored.

(2) Vibrations are sent in the reverse direction, designated R. The resultant
waveforms are also picked up by the horizontal geophones, and are stored.

(3) Vibrations are again sent in direction N. These are picked up by the
vertical geophones and stored.

The three waveforms are simultaneously transferred to recording paper by an elect-
romagnetic oscillograph. Waveforms that show up as mirror-images of one another are easily
identified as S-waves. The average velocity between the two components can be calculated
from the time difference between them. The vertical components are used to measure P-waves
and tube waves in order to assist identification of S-waves.

Measurements in the 400 meter test well began in May, 1979, and were completed in
January of this year. Experiments are now under way with the object of dealing with a
number of problems that must be solved in order to develop the system for practical use.
These experiments include studies of different types of vibration sources, comparative efficiency
of geophones and of vibration sources that simultaneously radiats P-and S-waves, and eval-
uation of the changing capacity for measuring S-waves in different layers, at different depths and
with different borehole diameters.
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By January 1980, about 1,600 records from 19 differerent logging experiments had
been obtained. It is not possible all the data thus obtained here. Instead, we will cite a few
records that have been used for specific objectives as illustrative examples.

Figure 6 shows examples of measurement records taken in different fine sand layers
in order of increasing depth. Good S-wave records were obtained in all cases, regardless of
depth. It may also be noted that by using recordings made from two geophones, the velocity
over the interval between them can be accurately determined. .

If S-wave velocity in the layer where the vibration source is located increases, observed
amplitude decreases. An example of a record illustrating this is shown in Figure 7.

This phenomenon serves as a major factor in limiting the measuring range of the system.

The experiments, however, confirmed that the system is capable of simply and accurately mea-
suring S-wave velocity up to speeds of around 1 km/sec.  The data also indicates that frequency
of S-waves changes with velocity in different layers. The greater the S-wave velocity, the
higher the observed frequency (See Figure 10).

In carrying out measurements, such things as changes in borehole diameter, the pre-
sence or absence of a casing, etc. constitute significant factors to be considered. In the case
of borelole diameter, a minor tendency for S-wave amplitude to decrease with diameter increases
was noted (see Figure 11).  Of course, this has no effect on measured S-wave velocity. Where
a casing is used, the effect is the same as with the plate hammering or downhole method. If
the casing is soft (i.e., PVC casing), S-wave velocity is somewhat higher (by several hundred
meters per second), but when the casing fits well against the borehole wall, the presence
of a casing does not interfere with S-wave logging (See Figure 2).

Examples (1) and (2) in Figure 13 compare wave records taken by the traditional plate
hammering method to suspension S-wave velocity records made both in the 400 meter test well
and in other areas. These examples clearly show a good correspondence between S-wave
velocity measurements taken by the two systems. Furthermore, no discrepancy can be noted
between results obtained by this system and previous findings concerning the relationship between
N-value and S-wave velocity.

Thus, it is clear that by using this new system, measurements can be taken in for-
merly inaccessable depths easily and accurately, making possible the accumulation of a large
volume of useful information.

That this system may be practically used up to depths of 400 meters has already been
confirmed (See Figure 20). However, in principle, there is no reason why it cannot be used
at greater depths. ' _

This system is capable of taking measurements semi-automatically at 1-meter intervals
at the rate of 100 meters per hour. It is expected that this performance level is capable of
generally satisfying the present requirements in civil engineering, earthquake engineering, etc.

Much work remains to be done in improving the sensitivity of this system to weak
or higher velocity S-waves, or in the upgrading of measuring accuracy through the introducton
of eletronic data processing techniques.  However, the authors believe that all the fundamental
information required for future development has already been obtained.
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