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SUMMARY 

 

This work is devoted to the development of a device for measuring the longitudinal and transverse 

velocities of ultrasonic waves in hydro technical structures. The main purpose of the inspection of 

structures is to identify unacceptable defects, damage, and deformations of their structures for timely 

repair, restoration, or strengthening, as well as to limit operations. This prevents the premature exit of 

a building from an operating state or an accident. In addition, the specified goal is to accumulate 

statistical data necessary for the development of recommendations for increasing the operational 

reliability of concrete and reinforced concrete hydro technical structures. A probabilistic assessment 

of the reliability of dams made of soil materials according to the criteria of stability of the upper and 

lower slopes within the framework of the parametric theory of reliability involves the construction of 

a relationship between the marks of the levels of the upper and lower buffets and the values of the 

calculated coefficients of stability of the upper and lower slopes of the dams. In order to obtain 

experimental data, to carry out the above-mentioned assessment, experimental studies of the elastic 

parameters of the materials that make up hydro technical structures and the rocks that form their basis 

were conducted using the developed device. 
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Introduction 

 

The main goal of engineering-geological research is to obtain data for the quantitative assessment of 

the joint operation of hydro technical structures (HTS) and the soils that make up the basis, to 

establish the presence, and to identify the causes of changes in the geological environment during the 

operation of the hydro technical structures, in particular (Trokhymenko et al., 2020): 

• changes in the stress-strain state of the soil massif, its temperature and water regimes; 

• emergence and development of engineering-geological processes in the field of interaction of 

the structure with the geological environment; 

• the presence and development of uneven deformations of the base soils. 

 

The finite element numerical method implemented in Midas GTS NX software package was used to 

determine the coefficients of the stability reserve of the slopes at different water levels. This software 

complex uses the strength reduction method (or force reduction method) to assess the stability of the 

slopes (Onanko et al., 2022a). A significant advantage of this method in contrast to traditional 

methods (for example, the method for circular cylindrical sliding surfaces using the method of 

inclined interaction forces – the Mozhevitinov method, the Tertsagi method, the Cray method, the 

weight pressure method, the Fellenius method, the Spencer method, the American Corps of Engineers 

method, and others) is that the slope failure process is determined without prior assumptions about the 

failure planes (Kuzmych et al., 2023b). The strength reduction method is a direct method that involves 

a gradual reduction in the values of the shear parameters (ϕ, с) on the soil of the slopes before the 

onset of failure (Onanko et al., 2012). The initial data are soil density, including in a suspended state, 

porosity coefficient, coefficient of internal friction, specific adhesion, modulus of deformation, and 

Poisson's ratio (Trus, & Gomelya, 2021). 

 

Known devices for measuring the longitudinal VP and transverse VS velocities of an ultrasonic wave 

(USW) combine echo signals that emit and receive an acoustic pulse. The disadvantage of the known 

devices is related to the error caused by the visual superimposition of echo signals on the oscilloscope 

screen (Kuzmych et al., 2023a). The closest analog is a well-known method for measuring the 

propagation time Δt of an acoustic pulse, in which an acoustic pulse is emitted and received (Onanko 

et al., 2020). The arrival time t1 of the latter is determined by isolating one half-wave λ1/2 of the 

acoustic pulse by fixing its zero crossing. To increase the accuracy of the measurements, the arrival 

time t2 of the second half-wave λ2/2 is determined by fixing its crossing through zero, and the 

propagation time Δt of the acoustic pulse is determined from the indicated arrival times, considering 

the ratio of the number of half-waves λ2/2 between them and the number n of half-waves λ1/2 from the 

beginning of the pulse to the first of the specified half-waves Δt = t2 - t1 (Trus et al., 2022). The 

purpose of our development of the device is to increase the accuracy and reliability of measuring the 

longitudinal VP and transverse VS velocities of USW, while ensuring the possibility of its use for 

measuring thin components of HTS with a thickness of h ≈ 1 mm. Our development allows us to 

experimentally determine the elastic constants of the materials that make up HTS and their base. It 

refers to the devices for measuring the longitudinal VP and transverse VS velocities of USW in HTS 

materials (Kuzmych et al., 2023a). 

 

Method and Theory 

 

The set goal is achieved by the fact that the device for measuring the longitudinal VP and transverse VS 

velocities of the passage of USW in HTS with the help of calibration marks generates and measures 

USW with the help of a serially installed frequency meter (1), frequency divider generator (3), 

generator of rectangular pulses (4), and piezoelectric transducer (5), which is installed on a sample of 

HTS material (7) through fused quartz buffer (6), resonant amplifier (8), and two-beam oscilloscope 

(9) (Onanko et al., 2022b). Simultaneously, the rectangular pulse generator (4) is directly connected to 

a two-beam oscilloscope (9) (Vyzhva et al., 2011). According to our development, the device 

additionally contains a frequency synthesizer (2), installed after the frequency meter (1) and 

connected directly to the oscilloscope (9). In this case, a two-beam oscilloscope (9) with inputs U1 and 
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U2 was used. USW is sent to the U1 input and calibration marks generated by the frequency 

synthesizer (2) are applied to the U2 input (Onanko et al., 2021). The frequency f of USW passage in a 

sample of HTS material (7) is determined by the equation f = fCM/n, and the velocity of USW passage 

is determined by the equations VP = 2·h/T = 2·h·f = 2·h·fCM/nP and VS = 2·h/T = 2·h· f = 2·h· fCM/nS 

(Kuzmych et al., 2023c). Our development was implemented using a device whose block diagram is 

shown in Figure 1. 

 

 
Figure 1. The device consists of: frequency meter (1), frequency synthesizer (2), frequency divider 

generator (3), rectangular pulse generator (4), piezoelectric transducer (5), fused quartz buffer (6), 

sample of the measured HTS material (7), resonant amplifier (8), two-beam oscilloscope (9) 

 

Results 

 

The device operates as follows: harmonic, highly stable sinusoidal oscillations, which are used as 

calibration marks, from the output of the frequency synthesizer (2), are fed to the frequency counter 

(1) to measure the frequency and start the frequency divider generator (3). The choice of the 

frequency division coefficient is determined by the amount of ultrasound attenuation in HTS material 

(7). Rectangular negative pulses from the output of the frequency divider generator (3) trigger the 

probing rectangular pulse generator (4), which produces negative pulses of greater amplitude for the 

excitation of USW in HTS material (7) using a piezoelectric transducer (5). The generator (4) also 

forms rectangular pulses to start the sweep generator of the two-beam oscilloscope (9). USW 

propagates through a fused quartz buffer (6), reflected from the boundary buffer-sample and sample-

air, transformed a second time by a piezoelectric transducer (5), and the electrical signal enters the 

input of the resonant amplifier (8). Amplified reflected signals are applied to the first input U1 of the 

two-beam oscilloscope (9) and observed on the screen in the form of a decaying sequence of echo 

pulses U.  

 

The second input U2 of the oscilloscope with a synchronous sweep of both beams is fed highly stable 

harmonic oscillations, which are used as calibration marks UCM, from the output of the frequency 

synthesizer (2). By changing frequency of the calibration marks fCM of the harmonic oscillations of 

frequency synthesizer (2), between the corresponding maxima of echo pulses U on the screen of two-

beam oscilloscope (9), the same number of calibration marks n UCM are placed and at the same time 

the maximum of each echo pulse U is combined with the maximum of harmonic oscillations UCM. The 

amplitude of echo pulses U in HTS material with a thickness of h ≥ 1 mm is sufficiently large for 

registration. Thus, the measurement of time Т of USW passage in HTS material is reduced to the 

measurement of frequency of the placed calibration marks fCM and the calculation of the number of 

periods of these marks n between the corresponding maxima of echo pulses according to the equation 

T = 1/f = n/fCM. 

 

As a result of conducting experimental studies with the help of the developed device and performing 

systematic calculations, the calculated coefficients of stability of the upper and lower slopes were 
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obtained, depending on the water levels in the upper and lower basins and the angle of internal 

friction of the soils of the dam body and base, which are significantly heterogeneous, as well as the 

isofields of maximum plastic deformations. The deformed grid for the three sections of HTS and the 

relative shear stress for the three sections at the most unfavorable moment of HTS condition are 

shown in Figure 2. 

 

 
Figure 2. Deformed grid for three sections of HTS (left); relative shear stress for three sections at the 

most unfavorable moment of HTS condition (right) 

 

Conclusions 

 

The technical and economic advantages of our development over similar ones, which are related to 

the most advanced technical solutions, include simplifying the design and reducing the cost of devices 

that implement the proposed method. 

 

The task of creating a device for measuring the longitudinal VP and transverse VS velocities of an 

ultrasonic wave in HTS material with a thickness of h ≥ 1 mm was completed. 

 

An examination and assessment of the technical condition of concrete and reinforced concrete hydro 

technical structures was conducted, which included a study of the condition of reinforced concrete and 

concrete structures (concrete and reinforcement). 

 

Based on the results of the experimental application of the developed device, the coefficients of 

stability of HTS structural components were determined at different water level marks, and their 

visualization was performed using Midas GTS NX software complex. 
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