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Abstract. In recent years, there has been a steady growth in industrial and
civil construction, especially in large cities. Construction is often carried
out in increasingly difficult geotechnical and hydrogeological conditions.
This contributes to the emergence of new production technologies and di-
agnostic methods. The use of non-destructive testing methods allows you
to quickly obtain information about various characteristics of an object
without disrupting the process of its operation. This is especially true for
hidden work, since access to the research object is practically closed, and
its opening may entail undesirable consequences for the operation of the
entire structure.
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1 Introduction

When inspecting piles, the most productive and easy-to-use method is the surface acoustic
method, known in foreign literature as the Impact echo method (IEM). The IEM method
consists in shock excitation of an elastic wave of the acoustic frequency range in the
inspected pile and registration of echo signals.

The surface acoustic method has been used for pile diagnostics for over 40 years.
During this time, extensive experience in pile inspection has been accumulated. In the
simplest case (a pile without defects or discontinuities), the IEM data obtained under the
conditions of the long wavelength limit shows only a forward signal and a pulse reflected
from the end of the pile. This method is the most productive and easiest to use. It is
advisable to use it in cases where there is free access to the pile head and it is necessary to
carry out prompt diagnostics of a sufficiently large number of piles [1-8].

Basically, these experimental studies are devoted to the determination of the
mechanical characteristics of the material by observing the features of wave propagation
on samples in the soil, and do not touch on the range of issues related to the interaction of
the rod. Therefore, within the framework of this work, a study was carried out of the
phenomena observed during the inspection of piles, on rods in the form of driven and
bored piles [9-10].
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2 Research program

In the course of the experiment, to determine the lengths, two types of piles were studied -
driven and bored (bored). Pile length measuring device - CIIEKTP 3.

3 Experimental results

To ensure the reliability of the results obtained, before driving and shearing off the head
after failure when driving driven piles (Fig. 1, 2), their length was measured with a tape
measure and amounted to 8 m.

Fig. 1. Measurement process (driven piles): a — pile field; b — pile surface; ¢ — sensor installation; d —
blow produc
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Fig. 2. Layout of driven piles

Before measuring the length of the bored piles, the design and as-built documentation was stud-
ied. The design length of the piles should be 9 m.
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Fig. 3. Measurement process (bored piles): a — pile field; b — pile surface cleaning process; ¢ — level-
ing the surface of bored piles; d — measurement process
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Fig. 4. Results of measuring the length of driven piles by the IEM method

As can be seen in Figure 4, according to balanced reflectograms obtained during the study of
driven piles, the average length is in the range of 5.3 ... 5.9 m.
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Fig. 5. Results of measuring the length of bored piles by the IEM method

As can be seen in Figure 5, according to the balanced reflectograms obtained during the
study of bored piles, the average length is in the range 0of 8.9 ... 9.2 m.

4 Conclusion

Numerous field measurements were carried out on piles [11]. The main purpose of the re-
search was to study the records of acoustic vibrations of piles from the position of field
control to assess the possibility of separating the effects associated with the propagation of
a plane wave (the pile itself) and the influence of the enclosing soil, and expanding the
range of problems solved by the acoustic method.

Based on the results of the conducted field experiments, the following conclusions can
be drawn:

1. Controlling the acoustic field allows you to meet or not to fulfill the conditions of the
long-wavelength limit. This makes it possible to study only the pile itself or the additional
enclosing environment.

2. In order to distinguish between reflections associated with the pile itself and with the
enclosing soil, at each measurement it is necessary to control the vibration spectrum, since
the fulfillment or non-fulfillment of the conditions of the long-wave limit depends on the
frequency composition with which it was possible to excite the fluctuations in this meas-
urement.

3. If the conditions of the long-wavelength limit are not met, the registration of reflec-
tions from the boundaries in the host environment allows solving a number of additional
tasks, for example, determining the depth of pile burial into the reference horizon, tracking
the groundwater level, determining the depth of an artificial embankment, monitoring the
quality of filling pipe piles, etc.

4. f there is no data on the core velocity of the longitudinal wave, the technique of dif-
ferent-frequency excitation allows its estimation by observing reflections from boundaries
with a known position in depth.

5. In the case of working on real piles, the concept of a "long" rod should have a broad-
er meaning than follows from the theoretical premises. A rod can be considered “long” if
the length is more than ten times the radius of the rod and at least 1 or 2 wavelengths fit in
the length.
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