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Abstract. Monitoring the technical condition of hydraulic facilities is crucial for ensuring their safe
operation. This process usually involves monitoring environmental variables (e.g., concrete dam levels,
temperature, piezometer readings), as well as geometric and physical variables (deformation, cracking,
filtration, pore pressure, etc.), the long-term trends of which provide valuable information for facility
managers. Research of the methods for analyzing geodetic monitoring data (manual and automatic) and
sensor data is vital for assessing the technical condition and safety of facilities, especially when applying
new measurement technologies. The age of hydraulic structures in Ukraine is 50—-60 years and more,
and their technical condition has deteriorated due to long-term operation. Their technical capabilities
and reliability have decreased due to improper maintenance. In addition, insufficient consideration of
environmental factors during operation has contributed to a decrease in the reliability of these structures.

Most reservoirs and hydroelectric power plants were built in the mid-20th century and have
been under constant operation. Due to significant operational life, negative changes often occur in
their technical condition. Atmospheric, chemical, and other aggressive factors also contribute to the
destruction of hydraulic facilities and their elements in water. This can lead to serious damage to
both the facilities and the elements of hydraulic systems dependent on them. An additional negative
impact factor on the condition of hydraulic facilities in Ukraine is missile and drone shelling and
other damage as a result of military operations. Therefore, there is a need to develop a device that
can be used when monitoring relative static and variable deformation, plasticity, and creep of samples
from various elements of engineering structures, materials, elements, and assemblies in hydraulic
engineering, construction, and industry.
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Relevance of the research. The factor are tools that significantly improve the work of

influencing the environment is the technical
condition of the hydraulic facility. Maintaining
the structure in proper condition is an important
aspect. It ensures the safety of the territories
adjacent to the hydraulic facility. Maintaining
the facility properly also eliminates the risk
of environmental disaster and river pollution.
Many existing hydraulic facilities are old, and
their planned service life has exceeded [1-3]. It
often happens that in cases of visible damage to
the structure or its modifications, it is necessary
to re-determine the static dimensions of the
structure and calculate the necessary stability.
To effectively detect damage, it is important to
conduct a regular assessment of the technical
condition of hydraulic facilities [4-6]. This
is necessary for the proper functioning of the
structure. Methods for assessing the technical
condition developed by scientists using visual
analysis and field measurements, as well as the
latest technology, in particular laser scanning,
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specialists in the hydraulic field [7-9].

Deformations of soil foundations of hyd-
raulic facilities, as a possible factor influencing
the deformation processes of elements of
engineering structures of hydraulic facilities,
depend both on changes in volume (as a result
of compaction, swelling, etc.), and on the
deformation of individual soil phases (soil
skeleton drift, of pore water compression, as
well as inclusions of vapors and gases) [5—8]. An
important influencing factor is the difference in
the mechanical properties of the soil at different
positions of the sample during the study, or the
so-called mechanical anisotropy (for example,
deformation anisotropy, strength anisotropy,
swelling anisotropy), and sometimes the
difference in filtration properties, or filtration
anisotropy. The anisotropy of mechanical
soil properties is explained by their ordered
structure with a preferential parallel orientation
of particles in a certain direction [2—4].
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Analysis of recent research and
publications. There are known devices for
measuring deformations of structural elements
[10-12] containing a strain gauge beam, which
in turn contains a curved strain gauge element
with support legs. To increase the reliability
of the device, it has two permanent magnets,
one of which is a groove. One reference line of
the strain-element is rigidly fixed to one of the
magnets and the other is freely mounted in the
groove of another magnet and it has a base with
lateral racks and a platform for mounting the
racks, installed on the structure. Tensometric
sensors are installed in the deformation areas of
the base and racks [13].

The disadvantages of known devices are that
they can only be used on laboratory samples,
which are significantly different from the design
in the defective structure, the low accuracy of
measurement of relative deformation ¢, and a
limited class of the studied materials. The nearest
analogue is a measurement device containing
curvilinear strain-element with reference lines
[14-17]. When deforming the sample the distance
between the magnets changes, which leads to
deformation of the strain-element, which is fixed
by a measuring device [18-21]. The weakness
of this device is the low accuracy of measuring
relative deformation due to the small distance
between the reference magnetic lines, as well as
the limited class of studied materials.

Purpose of the research is to increase the
sensitivity and reliability of measuring the

. . . . Al
relative static and variable deformation € :l_ ,

0
plasticity, creep azéé of the samples of
t

the studied materials and the possibility of
studying these processes in various elements
of engineering structures directly during their
operation after shelling with missiles, shells,
and drones; expanding the class of engineering
structures that are tested after deformations &
occurred as a result of military operations.

Materials and methods of the research.
Field and laboratory experimental studies of
monitoring deformations of structural elements of
hydraulic facilities were carried out when using a
developed device for measuring deformation € of
engineering structure elements.

Results of the research and their
discussion. The goal is achieved by the fact
that the proposed device has a strain element —
an elastically curved strip with a strain sensor
on it, which is connected to the electrical
signal registration and recording system. The
elastically curved strip is glued (welded) to an
engineering structure element.

The design and operation of the device is
explained by the drawing in Fig. 1 and Fig. 2. The
design of the developed device is shown in Fig. 1.
The device consists of an elastically curved strip,
with a strain sensor on it, which is connected to
the electrical signal registration and recording
system. The elastically curved strip is glued
(welded) to an engineering structure element.

Fig. 1. Design of a device for measuring the deformation of engineering structure elements:

1 — engineering structure element, 2 — elastic bent strip, 3 — strain sensor, 4 — electrical signal registration
and recording system
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Fig. 2. Diagram of the dependence of an engineering structure element deformation g(A,) on the
camber of arch A, of an elastic bent strip

Fig. 2 shows a diagram of the dependence
of the deformation of an engineering structure
element &(A,,) on the camber of arch A, of an elastic
bent strip. Deformation readings are obtained
by a graphing measuring device, to which an
electrical signal from a strain gauge is supplied.

The device works as follows. An elastic bent
strip with a strain sensor on it is glued (welded)
to the engineering structure element. A variable
o(f) or constant ¢, deformation stress is applied
to the engineering structure element, which leads
to a change in the length A/ of the engineering
structure element, and, consequently, the camber
of arch A, of the elastic bent strip. The magnitude
of this bent A, is converted into an electrical
signal by means of the strain sensor and recorded
by a measuring device, a graph plotter.

The relationship between the relative static

Al
deformation €= m of the engineering structure
0
element and the camber of arch A, of the elastic
bent strip is described by the Chebyshev formula
for a tensioning catenary [22-25]:

Al 8 A -\
I, 3 IR
where /; is the initial length of the engineering
structure element, A/ is the change in the length of
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the engineering structure element, A, is the initial
length of the camber of arch of the elastic bent
strip, A, is the camber of arch of the elastic bent
strip with the changed length of the engineering
structure element.

Thus, the proposed system of features provides
the possibility of high-precision measurement of
both plastic and elastic deformations & based on
the quadratic dependence Al ~A’ between the
relative change in the length of the engineering
structure element A/ and the and the camber of
arch A, of the elastic bent strip glued (welded)
to this element. The measurement of the values
of the camber of arch , is made when using a
strain sensor mounted on the specified strip. The
proposed approach allows achieving a relative
accuracy of deformation measurement at the

A
level is —=~10". The highest sensitivity of the
€

device is achieved when the cambers of arch of

the elastic strip are small % =107 +107,
0
Conclusions. The task of creating a device
for measuring the deformation ¢ of engineering
structural elements was completed. The technical
and economic advantages of the device over
the most progressive similar technical ones are
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in simplifying the design and reducing the cost of the deformation of an engineering structural
of devices implementing the proposed method. element twice (elastic deformations & with an
They make it possible to perform a periodic
automatic, rather than continuous, control of

the deformation & of an engineering structural  class of tested engineering structural elements,
element, increase the accuracy of measurements  including non-magnetic ones.

A
accuracy of 28 2107 as well as expand the
€
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Anomauia. Konmpono 3a mexHiuHum cmanom 2i0pOmMexHiuHUx cnopyo Mae eupiuiaivHe 3HauyeHHs OJis
3abesneuenns ix besneunoi excnayamayii. Leil npoyec 3a36uuail 6KIIOYAE BIOCMENCEHHS 3MIHHUX HABKO-
JUWHBO20 cepedosuua (Hanpuxaao, pieui OGemoHHoi dambu, memnepamypu, NOKA3AHHL N’ €30Mempis),
a maxodic 2eomempudHux i QizuuHuUX 3MiHHUX (Oeghopmayis, po3smpicKyeauHs, Qitbmpayis, noposul
MUCK MOWo), 00820CMPOKOET MEHOEHYIl AKUX HA0Aomb YIHHY THDopmayito 0aa mMeHnedxcepie 00 exkmis.
Jocnioscenns memooie ananizy 0aHuUx 2e00e3utHo20 MOHIMOpUH2Y (PYUHO2O0 Ma asmomMamuiHo2o) ma
OaHUX OAMYUKIB € JHCUMMEBO HEOOXIOHUMU Ol OYIHKU MEXHIYHO20 cmaHny ma be3nexu 06’ ckmis, 0coo-
JUB0 NPU 3ACMOCYBAHHI HOBUX MeXHONO0RIU eumiptosannsa. Bik ciopomexniunux cnopyo 6 Yxpaini cmano-
sumv 50—60 poxis i 6inbute, a ix mexHiUHUL CMAaH NOSIPUWUBCS Yepe3 MPUBATY eKCRIyamayiro. Ix mexuiuni
MOCIUBOCMI Ma HAOIIHICMb 3HUSUTUCA Yepe3 HeHanedcHe obcayeosysannsa. Kpim mozo, nedocmamus
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yeaza 00 akmopie 308HIWHb020 cepedosuya Ni0 4ac eKCNIyamayii CRpusia 3HUNCeHHIO HAOIUHOCMI
YUX KOHCMPYKYILL.

Binvwicms 6odocxosuwy i eiopoerekmpocmanyiti 6yau nodyoosawi 6 cepeduni 20 cmonimms i 3 mux nip
NOCMIUHO BUKOPUCMOBYIOMbCA. Yepes 6iK 6 iX mexHIuHOMY Cmawi 4acmo 8i00Y8aUCs He2amueHi 3MiHU.
Ammocepni, Ximiuni ma azpecusHi paxmopu maxoxc CHpUAIOmMs pYUHYSaAHHIO 2i0pOMeEXHIYHUX CNOPYO ma
ix enemenmis y 600i. e mooice npuzeecmu 00 CepUuo3HUX NOULKOONCEHb SIK CAMUX CROPYO, MAK I 3A1EeANCHUX
810 HUX elleMeHmig 2I0pomexHiuHux cucmem. Jo0amxosum hakmopom He2amugHo2o 6NIU8Y HAd CIAH 2i0po-
MeXHIYHUX cnopyo 8 Yxpaini cmanu obcmpinu pakemami, CHApsOamu, OPOHAMU MA THULT YULKOOICEHHS.
00epacani 8HACIIO0K BOEHHUX Oill. Tomy uHuKaia nompeda 8 po3podoyi npucmpor, wo Modxce OYmu GUKo-
pucmaHuil npu QOCHIOHNCEHHI BIOHOCHOI CMAMUYHOI ma 3MiHHOI deghopmayii, niacmuyHocmi, no83y4ocmi
3PA3KI6 3 PIZHUX eleMeHMI8 [HJUCEHEePHUX KOHCMPYKYIL, Mamepianie, elemMeHmis, y3iie )y 2iopomexHiyi,
0y0i6HUYMBI, NPOMUCTIOB0CL.

Knrouosi crosa: oegpopmayis, ciopomexuiuni cnopyou, tHiceHepHi KOHCmMpPYKYii, meH300amuux, npucmpiil
0715 BUMIDHOBAHHS
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