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ABSTRACT

The subject of our research was to study the current state of the Tsageri catchment, using georadiolocation and ultrasound
methods. Georadar Zond 12e was used in the research.. Georadar data were collected and processed with Prizm 2.7
regular Software. With the help of georadar, it is possible to highlight voids, cracks and weakened environment. It is also
possible to determine the degree of humidity of the environment. Antennas of different frequencies are used to study
different environment. By our research was used 1 MHz, 1.5 MHz and other frequencies antennas. Ultrasonic method is
also an effective tool for determining the mechanical parameters of the environment and itsl structure. In the presented
works, the ultrasonic equipment manufactured by the Swiss company PROCEQ, pulsed echo transmitter - Pundit PL-
200PE was used. Processing of the obtained material was performed by means of the Pundit - 200 and Pundit - 20PE
working program "PL-Link". Using ultrasonic equipment, it is possible to highlight voids and cracks in the environment
and study their geometrical parameters. as well as determining the mechanical characteristics of the environment. When
studying the same areas, the results obtained by radar and ultrasonic methods correlate quite well with each other in
terms of determining the structure and complement each other in terms of determining the mechanical parameters of the
medium and details of the structure.
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Introduction

Ultrasound corresponds to a mechanical wave propagating at frequencies above the range of human
hearing (conventionally 20 kHz). Ultrasound and sound waves propagate in fluids (gases and liquids) and
solids. In particular, the wave propagation depends on the intrinsic elastic properties of the medium as well as
on its mass density. In addition to its widespread use in engineering applications (e.g., defect detection /
evaluation, material characteristics, etc.), ultrasounds are also used in the medical field. In general, ultrasound
testing is based on the recording and quantification of reflected waves (pulse-echo) or transmitting waves [7].

A ultrasonic pulse-echo test concentrates on measuring the transit time of ultrasonic waves traveling
through a material and being reflected to the surface of the tested medium. Based on the transit time or velocity,
this technique can also be used to indirectly detect the presence of internal flaws, such as cracking, voids,
delamination or horizontal cracking, or other damages [7,9].

Each of the two types is used under certain conditions [4,5]. In our scientific research, we use acoustics
for geophysical and geotechnical research [1,3,5]. In this paper we present scientific-applied studies in the
field of geomechanics using acoustic methods [6].

Equipment and software for ultrasound examination

We used ultrasound equipment produced by the Swiss company (PROCEQ), https://www.proceq.com/)
for geophysical work, called Pundit PL-200 and Pundit PL-200PE. Ultrasonic testers (Pundit PL-200 and
Pundit PL-200PE) are used to study concrete, wood and stone materials and structures using non-damaging
acoustic control methods. Equipment and methods can be used: to study internal defects and cracks,
heterogeneities and voids in materials, to calculate material modulus, stiffness and Poisson's ratio.

Pulse Echo Transducer - Pundit PL-200PE



The Pulse Echo transducer is a shear wave transducer designed for single-handed and two-handed
operation. It is particularly suited to testing where access is limited to a single side.

The Pundit PL-200 offers three methods of transmission.

Ultrasonic research methods

In our case, we used ultrasonic sounding with piezoelectric 54 kHz sensors. Piezoelectric transverse
wave sensors with a frequency of 250 kHz were also used, and piezoelectric sensors with a frequency of 50
kHz were used for ultrasound tomography. With the help of sensors in such frequency ranges, it is possible to
study the structure of a solid and concrete at a depth of 50-60 cm, and in some cases even up to 1 m.

Performing ultrasound examinations

Ultrasound examinations were performed on the load-bearing piers and walls of the Tsageri catchment
(Fig. 1). Approximately 100 sites were selected in the vertical direction on the walls of the building where the
mechanical properties of the concrete were studied.

Fig. 1. a) Tsageri catchment. 1 - East wall, 2 - First (east) pier, 3 - Second (central) pier, 4 - Third (west) pier
and 5 - West wall. b) A picture of the ultrasound work on the load-bearing piers and walls of the catchment
dam.

About 100 areas were selected in the vertical direction on the walls of the building, where the mechanical
characteristics of concrete were studied. In addition, a network of profiles with a step of 0.05 m was carried
out on the piers and walls of the reservoir, using the tool. For the further processing of the obtained materials,
the values of the velocity parameters of the elastic waves were entered into the existing program, and as a
result, the elastic parameters of the reinforced concrete constructions were obtained. Since the velocities of P
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and S type elastic waves are theoretically and empirically related to the elastic parameters of the environment,
we can judge the presence of weakened, exhausted and relatively damaged zones within the investigated area.
Using the sensors designed to generate and receive longitudinal (P) and transversal (S) type of elastic waves
of the mentioned device, coverage (sensing) works were performed on the visually preserved and weakened
areas of the walls of the building.

With the obtained materials, the propagation velocities of P and S type elastic waves were determined,
both in concrete and in the blocks of granite stones near the aqueduct. Based on these velocities, the following
physical-mechanical parameters were determined for all tested objects: p - density, v - Poisson's ratio and E -
Young's dynamic modulus. Poisson's ratio was used to determine the quality of concrete. Its value is in the
range of (0.15-0.20) for normal quality concrete.

Data processing
Ultrasound waveform and tomographic (B-scan) recordings (Fig. 2) were processed using (PL-Link)
standard software.

Signal Curve H x

_ 22%
W7 41375 "

un
=

\
|” H |I|H|‘\||||\M H‘”H'\(\

H‘” |\||I ‘|||"Hl|"||\||‘UV Pl 2

Amplitude [%5]

=)

+

+
C_
s:_
::;__
—_—

_

—_—

J

dn
s

R S L 400 450 W 0 w0 & T 7o
Time [us]

DEO000 &a BO0000 &5

gpoooosw

[
z
Time [ps]

E
=
@

[SRA

1 ‘Ilh

500
04 05 06 07 08 L [ . . -100 0 100
Scan Distance [m] Amplitude [3] @

Fig.2. Ultrasound waveform (upper) and tomographic (lower) recordings.

On the records of oscillograms, the separation of longitudinal and transverse waves took place, their
velocities were determined and various elastic parameters were calculated on the corresponding profiles. T On
the processing and analysis of tomographic recordings (B-scans) took place us to identify possible voids,
heterogeneous and weakened areas in the concrete.

Results of ultrasound examinations

About 100 precincts were processed. The image presented for each precinct is indicated by brown lines
indicating the relevance of the tomographic images to the profiles. The yellow lines indicate the
correspondence of the longitudinal velocities and the Poisson ratio with the profiles. The probable damaged
areas localized by the velocity measurement are highlighted in blue, while the probable damage and weakening
localized at different depths in the concrete pavement are marked in red by scanning. Here we present two of
the location.
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Fig.3. Profiles and tomographic records of one areas of the catchment. (Plot #5. The western wall of the
second (central) pier of the reservoir).

Ultrasound testing works were performed on eight profiles at this site. Longitudinal (P) wave velocities
in different profile ranges vary from 4292 m/ s to 2455 m/ s, transverse 2541 m /s to 1483 m/ s, Poisson's
ratio (v) from 0,26 to 0, At 18 intervals, and the Ju ng modulus (E) - (11639-39857) in the MPa interval.

One and more measurements of ultrasonic wave velocities were performed on all profiles in this area.
They are made on concrete slab, on "poured concrete" and in the area of transition from concrete to tile. As
the transition from the upper profiles of the precinct to the lower profiles, a gradual change in the speed of the
ultrasonic wave will be observed. The velocity values are reduced in the vicinity of the third and fourth profiles.
The values of the Poisson's ratio change in the range of 0.21-0.28 in the areas of the top five profiles, which
probably indicates a weakening of the concrete structure in these areas. The velocity decreases particularly in
the vicinity of the eighth (bottom) profile, which probably means damage to the concrete at this site or
deterioration of its structure in this part of the pier [8].
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Fig.4. East wall (on the side of the dam) profiles of the first catchment tower and tomographic record of
some profiles. (Plot #5. The western wall of the second (central) pier of the reservoir).



At this site (Fig.5) ultrasonic measurements were performed on three profiles along the wall and on the
fourth profile on granite stones. Normal values of the Poisson's ratio (0.18-0.20) were be observed on all
profiles and almost all measuring points, indicating the stability of the mechanical parameters of the concrete
- its good condition. Ultrasound tomography (B-scan) was also performed on this incision. Deep lesions of
different nature were observed in the tomographic images of all profiles, at different depths, as indicated in the
images. In the tomographic images, in addition to the marked areas, dark colored areas was observed, which
should indicate their weakening [8].

Comparison of the data presented in the two precincts (Fig.3, Fig.4) shows that they are relatively
different precincts. The mechanical parameters of the bearing concretes in these areas differ from each other
and indicate different mechanical states of the different catchment areas.

Conclusion

1.Modern methods of ultrasound examination and tools used have been found to be effective in assessing the
condition of concrete structures constructing piers and walls.

2. The measurement results give different values of the elastic parameters. Tomographic scan images have
abnormal areas. These anomalous areas must be associated with changes in the structure of the concrete.

3. A sharp change in the values of the Poisson's ratio should also be associated with a change in the rigidity of
the material of the studied objects and its structure.

4. In general, it can be said that the results of the examination of the objects under study confirm that the
physical and mechanical parameters are more abnormal in the areas adjacent to the lower, blurred-erosive areas
than in the areas of concrete slabs above.

The results of checking the concrete mark on the supporting constructions of the research areas.
The purpose of the conducted research was to evaluate grade the used concrete on both the east and
west walls, as well as on the piers. The need for this arose after visual inspection of these structures revealed
defects. In modern conditions, it is possible to check the density (mark) of concrete products with different
types of field tools. One of these types of tools is the Schmidt hammer (photo 5).

!

“

Fig. 5. The appearance of the Schmidt hammer.

The advantage of this tool is that in a short time, the strength/grade of the concrete structure can be
determined without disturbing the integrity of the product.

The physical basis for the operation of this device is based on the amplitude of its reflection (recoil)
when a solid body is struck by a solid surface. Accordingly, the greater the density (strength) of concrete, the
greater the amplitude of its reflection and the data on the scale.

During the observation, measurements were made along the surfaces both on the slabs and on the

reinforced concrete structures on the south side and lower sections.
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Fig. 6. The results of checking the concrete mark on the east (a) and west (b) side of the first pier (schematic
sections).

For the slabs of the first pier, the grade of concrete varies mainly from 240 to 600, and from 210 to 340
on the south side and sides and washed-eroded sections of concrete. Above it, at a depth of 5-5.5 m from the
level of the bridge, on the western side, higher values were allocated within the range of 300-340. On the
lower, eroded-washed-faulty sections, its value is low here too (within 200-240).

On the basis of the research conducted with the Schmidt hammer on the surfaces of the retaining walls
and piers of the dam and the analysis of the obtained results, the following can be concluded:

1. The concrete grade is characterized by higher values for the slabs placed outside the walls and piers than for
the rest of the construction surfaces and areas without it.

2. Particularly low values of the concrete grade were revealed for the eroded-washed sections of the eastern
and western walls, as well as in the lower sections of the piers.

In our opinion, the change in such a wide range of concrete grades does not correspond to either the old or the
new norms of construction. Their causes can be: discrepancy of the cement brand, its insufficient concentration
or flaws in the construction technology.

Georadiolocation research

Georadiolocation method has high spatial resolution [10]. There is no limitation on the daily surface and
on the surface of different types of artificial cover, as well as in water surface or underwater research.
In our work, georadiolocation research was carried out in the following ways:
1. Hydrogeographic survey from the water surface in the basin.
2. Underwater research from the bottom of the pool to the surface of the water
3. Vertical survey along walls and supporting piers.
Georadiolocation along the terrain on the daily surface.
The selected georadiolocation method and their varietis allowed us to obtain a continuous georadiolocation
cut, which reflects the structure of the ground, the structure of the reinforced concrete structure and the study
of the underwater space to the maximum possible depth, which is determined by the electrophysical properties
of the soil, concrete and water.
The number of profiles, their location, length and orientation for each object under study was carried out
independently, taking into account the type of surface and technogenic factors.
Georadiolocation studies were carried out with profile and area planning.
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For our article, the part of the profile study that was implemented on the pool walls and supporting piers is
interesting.

Georadiolocation method is based on the registration of electromagnetic (EM) nanosecond pulses propagation
in the studied environment and further processing taking into account the electromagnetic properties.
Screened antenna blocks with frequencies of 300, 900, 1000 and 1500 MHz were used in georadiolocation
studies.

Georadiolocation equipment and software.

A certified "ZOND-12e Advance" (Ltd. "RadarSystemlInc", Riga, Latvia) with screened antennas was
used for geophysical research. Management of geo-radar, data processing, visualization of georadarograms is
performed with the help of certified computer program «PRISM v.2.60» (Ltd. «Radar System Inc»). This type
of georadar is certified in the European Union. It has antennas of different frequencies to penetrate to different
depths and to conduct different types of research. In this article, we are interested in comparing the results
obtained with ultrasound and georadiolocation equipment, so we will consider only the vertical planning along
the walls and supporting piers conducted with 1 and 1.5 gigahertz antennas.

Fig. 7. 1 GHz antenna and 1.5 GHz antenna with its own odometer wheel.

Surface georadar surveys of walls and piers are carried out with the help of a 1000 MHz antenna. A 1500
MHz antenna has also been used for testing on the second pier. During research with this method, the antenna
was removed from the surface of the wall by a minimum distance and moved along it.

Fig. 8. a) Georadar research process along the second pier (using 1000 MHz antenna), b) low-threshold dam
condition investigation process using 1000 MHz antenna.
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During the georadio-radar profiling of the low-threshold dams located at the base of the first and second
barrier shields, the geophysical team, with the help of a crane, descended to the level of the dam and moved
the 1000 MHz antenna along the inclined surface from the ground up, along its entire length, by means of a
designated cable-rope with markings of meters (Fig. 8).

Results of georadiolocation investigation

The results of the main georadiolocation survey are presented in the form of georadiolocation section
profiles. The types of wave EM fields correspond to different types of concrete, as well as reflect their
uniformity and moisture content. Along the supporting piers and walls, the location of the iron reinforcement
grids and metal elements supporting the walls is characterized. Below, the results of the georadiolocation
survey are described according to the respective areas.

Georadiolocation investigation results of the walls and piers of the dam

The results of the georadiolocation survey of these objects are presented in the form of cuts on Figures
9-15. Diffraction effects of waves characteristic of armature rods are clearly visible on them (diffraction
hyperbolas, Fig. 9). With this method and with the help of the antenna, the location of the reinforcement rods
arranged in the profile was well defined.

According to the type of arrangement of reinforcement rods, two types of reinforcement were identified:
walls (a) and piers (b) Fig.9). The first type of reinforcement is characterized by the arrangement of small-
diameter iron reinforcement rods close to the surface in the form of a grid (type 1). This type is typical for the
concrete slabs on the walls and the sections towards the bottom of the pier.

The second (type 2) is characterized by an irregular and deep placement of the reinforcement rods. The

amplitude of the change of the EM wave field on this type of constructions is characterized by low intensity,
technological boundaries, flaws and layering will be observed in the concrete structure.
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Fig. 9. Fragments of geolocation slices obtained with the help of 1000 and 1500 MHz antennas. The drawing
shows two types of reinforcement of concrete structures: eastern wall (a) and piers (b).

Type 1 and 2 intervals are separated by vertical arrows on georadiolocation cuts Prl and Pr2 of the
eastern wall. The numbers next to the arrows show the appearance of reinforcements.
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Fig. 10. Georadiolocation slices Pr1 and Pr2 taken along the eastern wall.

Corresponding reinforcement types (1 and 2) were not identified on the profiles (Pr3 and Pr4) obtained
for the above-water sections of the first pier. Depending on the nature of the wave field, the second type of
reinforcement can be seen here.
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Fig. 11. Georadiolocation slices Pr3 and Pr4 obtained along the first pier.
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Sections of type 1 and 2 reinforcements are separated along the georadiolocation cuts Pr5 and Pr6
obtained along the surfaces of the above-water parts of the second pier. The arrows on these slices are
conventionally marked as dots, because the effect of individual reinforcement was not sufficiently reflected
on them. In order to clarify their boundaries, additional georadiolocation surveys were conducted along these
profiles using a 1500 MHz antenna (Figure 12).
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Fig. 12. Georadiolocation slices taken along the second pier (Pr5 and Pr6).

Sections of type 1 and 2 reinforcements are separated by vertical arrows Pr7 and Pr8 along the
georadiolocation slices taken along the surface of the third pier's above-water part. The types and intervals of
these reinforcements are almost similar to the results of the survey of the second pier (Fig. 13).
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Fig. 13. Georadiolocation slices taken along the third pier (Pr7 and Pr8).
On georadiolocation slices (Pr9 and Pr10) obtained during the survey of the above-water part of the
western wall, the reinforcement intervals of type 1 and 2 were well distinguished. They are separated by
vertical arrows (Fig. 14).
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fig. 14. Types of reinforcement found along the western wall along Pr9 and Pr10.

Along the second pier, in its above-water part, we additionally conducted geolocation studies with the
help of a 1500 MHz antenna. On the georadiolocation profile (Pr5) obtained by this method, the diffraction
hyperbolas caused by the presence of reinforcement rods clearly appeared (Fig. 15). These georadarograms
also showed intense, disturbing reverberation waves, which must be due to insufficient (not tight) contact
between the antenna and the surface of the pier during investigation.
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Fig. 15. Georadiolocation profile (Pr5) obtained by means of 1500 MHz antenna along the above-water part
of the second pier.

Based on the georadiolocation studies, we can conclude the following:
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1. Georadiolocation research method and selected equipment proved to be effective for researching the
condition of Lajanur Dam structures located in Tsageri district. In particular:

2. We investigated the condition of the underwater and above-water parts of the supporting piers and the
eastern and western walls, their washing depth, the arrangement and frequency of the horizontal bars of the
reinforcing mesh of reinforced concrete structures. This part of the research is directly related to the topic of
our paper.

3. We were given the opportunity to study the condition of the downstream located in front of the shutter
shields, the configuration, depth and width of its damaged bottom.

4. Condition of low-threshold dams 1 and 2 under shutter shields.

5. Ground structure of the three areas surrounding the derivation channel and the filtration areas under the
ground.

Conclusion

1. As a result of the ultrasound work, different types of damaged strength and weakened areas of the structure
were identified on the piers and supporting walls. Damaged areas were mainly detected near the water surface,
in the lower (489-492m) sections of the piers and walls, in the vicinity of washed-eroded areas and also at
different heights. The entire vertical section of the eastern and western wall structures is characterized by a
weakened structure. Here, the value of Poisson's ratio is significantly increased on the profiles sampled in the
interval from 504m to 489m.

2. A relatively better quality concrete structure was found on the north side of the first pier, in the vicinity of
the shutter shield along the vertical cut of the entire wall. This is confirmed by the results of both the Schmidt
hammer test and the ultrasound survey.

3. The slabs placed outside the walls and piers are characterized by high concrete grade values. Their change
is within 260-600. Particularly low concrete grade values were found for the eroded-washed areas of the
castern and western walls, as well as in the lower sections of the piers. In these sections, the grade of concrete
varies between 150-220. The causes of these anomalies can probably be: incompatibility of the cement brand,
its insufficient quantity or technological violations made during the construction.

4. With the georadiolocation method, the solution of a wide range of engineering and technical tasks can be
successfully implemented at various sites and facilities. It can be used in other regions as well, for the purpose
of research and diagnosis of the state of hydrotechnical structures of this type.

5. The results of the radiolocation and ultrasound research of the above-water part of the supporting piers and
walls are quite well correlated. In addition, these two methods complement each other. Ultrasonic and Schmidt
hammer research provides additional information on the mechanical parameters of reinforced concrete for
piers and walls. And georadar allows to quickly determine inhomogeneities and defects in reinforced concrete
supporting piers and walls.
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KoMiuiekcHoe ncciieioBaHue 0eTOHHBIX KOHCTPY KLU
YJAbTPa3ByKOBBIMH U I¢0JI0KAMOHHBIMU METOAAMH

H.A. BapamamBuiu, b.3. Acannaze, M.H. /I:xaxyramsuiu, B.B. Iltazynos

Pe3rome

[IpenmeroM HaIIero MccieOBaHUs ObLIO H3yYeHHE COBPEMEHHOI0 cocTosiHUSA BoocOopa Llarepu meronamu
reopaJroiIoOKalluy U YIbTpa3Byka. B uccnenoBanusax ucnonb3oBaics reopagap Zond 12e. /lannble reopagapa
cobupasuch U 00padaThIBaIMCh C TOMOIIBIO MTaTHON MporpamMmel Prizm 2.7. C momonipto reopanapa MOXHO
BBIJICTUTH MYCTOTHI, TPEIIMHBI ¥ OcallIieHHYI0 cpefy. Takke BO3MOXKHO ONpe/elieHHe CTEeHN BIIAKHOCTH
OKpYXKalollel cpenbl. AHTEHHBI pa3HBIX YaCTOT UCTIONB3YIOTCS JUISl HCCIIeNOBaHUs pa3HbIX cpel. [Ipu Hamem
WCCIIeOBaHUI OBUTM MCTONB30BaHbl aHTeHHBI 1 Mrl'n, 1.5 Mrl' u Ipyrux 4acToT. YIbBTpa3ByKOBOW METOA
TaKKe sBisieTcs 3pPEeKTHBHBIM CPEICTBOM ONPEACICHUSI MEXaHUIECKUX MTapaMeTpOB OKPYXKAOIIEH Cpeabl 1
ee CTpoeHHs. B mpencTaBieHHBIX paboTax HCIOIB30BAJIOCH YIBTPAa3ByKOBOE 00OPYHIOBaHHE MPONU3BOACTBA
mBednapcekoit pupmel PROCEQ, nummynbceHsiii axomnepenatank - Pundit PL-200PE. O6pabotky nonydeHHOro
Marepuraia IMpOBOJAMIM C MTOMONIBI0 padounx mporpamM Pundit-200 u Pundit-20PE «PL-Link». C momoripto
VIABTPa3ByKOBOTO 00OPYIOBAHHS MOXKHO BBIJIGIUTH ITyCTOTHI M TPEHIMHBI B OKPYXKAIOIIEH cpefie U U3y4UTh UX
reoMeTpUYecKre MapaMeTphl, a TaKKe ONMPENeNUTh MEXaHUYCCKHE XApaKTEPHCTUKU OKPYKAIOIIEH CPEebl.
[lpu wuccnenoBaHMM OMHUX W TeX K€ YYACTKOB pE3YJbTaThl, TONYyYEHHBIC pPaJHONOKAIUOHHBIM U
VIABTPa3ByKOBBIM METOJIAMH, JIOCTATOYHO XOPOIIO KOPPEIUPYIOT MEKAY cOo0Oi B YacTH OINpEIeIeHUs
CTPYKTYpPBI U JIONONHAIOT APYT ApYyra B YacTH OIPENETICHUS MEXaHHYECKUX [1apaMeTpoB CPEAbl U JeTaieit
CTPOEHUS.

KarwueBbie ciioBa: Tomorpadus, ynbTpa3ByK, TeOpaioIOKaIys, Teopaaap, Hepa3pymaromuii KOHTPOITb.
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