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SUMMARY 

The "structure - soil foundation" system can be represented as three sequentially connected 
elements: soil foundation, foundation, and above-ground structure. The age of hydro technical 
structures in Ukraine is 50-60 years or more, and their technical condition has deteriorated due 
to long-term operation. Their technical capabilities and reliability have declined because of 
improper maintenance. In addition, insufficient attention paid to environmental factors during 
operation has contributed to a decrease in the reliability of these structures. Owing to age, 
negative changes often occur in their technical condition. Atmospheric, chemical, and 
aggressive factors also contribute to the destruction of the hydro technical structures and their 
elements in water. This can lead to serious damage to both the structures themselves and the 
elements of the hydro technical systems dependent on them. An additional factor negatively 
affecting the condition of hydro technical structures in Ukraine was shelling with missiles, 
shells, drones, and other damages resulting from military operations. Therefore, there is a need 
to develop a device that can be used to study the relative static and variable deformation, 
plasticity, and creep of samples from various elements of engineering structures, materials, 
elements, and assemblies in hydro technical engineering, construction, and industry. 
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Introduction 
 
The most hidden and uncontrollable changes in the process of construction and operation of structures 
occur in the foundation soils. When assessing the stability of structures, processes that lead to the 
deterioration of soil properties, a decrease in strength, and an increase in deformability, which leads to 
an increase in absolute and relative deformations, and sometimes to the destruction of soil foundations 
and structures, are of great importance (Kuzmych et al., 2022b). Under the action of tangential stresses, 
local failure zones appear in the soil foundation, which, when the pressure from the structure increases, 
increase in size and form a sliding surface (Rokochinskiy et al., 2023a; Trus, & Gomelya, 2021). The 
uniform settlement of the entire structure does not cause additional stresses in the structures, but the 
difference in settlements of individual parts of the soil foundation particularly affects the strength of the 
foundations and buildings above the foundation. Experience shows that the difference in settlement 
increases with increasing absolute settlement. Deformations depend on changes in volume (as a result 
of compaction, swelling, etc.) and on the deformation of individual phases that make up soils (creep of 
the skeleton, compression of pore water, as well as inclusion of vapors and gases) (Bereka et al., 2021; 
Trus et al., 2022). An important factor that must be considered is the difference in the mechanical 
properties of the soil in different directions, or the so-called mechanical anisotropy (for example, 
deformation anisotropy, strength anisotropy, and swelling anisotropy), and sometimes the difference in 
filtration properties or filtration anisotropy. The anisotropy of the mechanical properties of soils is 
explained by their ordered structure with a preferential parallel orientation of particles in a certain 
direction (Gomelya et al., 2020; Vyzhva et al., 2011). 
 
Method and Theory 
 
Devices for measuring the deformations of structural elements (Kuzmych et al., 2022a), which contain 
a curvilinear strain gauge, are known. Strain gauge beam containing a curvilinear strain gauge with 
support legs. To increase the reliability of the device, two permanent magnets are used, one of which 
has a groove. One leg of the strain gauge was rigidly fixed to one of the magnets, and the other was 
freely installed in the groove of the other magnet. It has a base with side posts, a platform for mounting 
the posts mounted on the structure. Strain gauges were installed in the deformation areas of the base 
and posts. The disadvantages of known devices are that the study is conducted on laboratory samples, 
which differ significantly from the design in terms of defect structure, low accuracy of measuring 
relative deformation ε, and the limited class of materials under study. The closest analog is a measuring 
device that contains a curved strain gauge with support legs. When the sample is deformed, the distance 
between the magnets changes, which leads to deformation of the strain gauge, which is recorded by the 
measuring device (Onanko et al., 2022; Rokochinskiy et al., 2023b). The disadvantage of the known 
device is the low accuracy of measuring relative deformation owing to the small distance between the 
supporting magnetic feet, as well as the limited class of materials being studied. Therefore, there is a 
need to develop a device that can be used in the study of relative static and variable deformation ε = 𝛥𝛥𝛥𝛥

𝑙𝑙0
, 

plasticity, creep ε =̇ 𝜕𝜕ε
𝜕𝜕𝜕𝜕

 of samples of 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 ε obtained as a result of military operations. 
 
Results 
 
The goal is achieved because the proposed device includes a strain gauge element – an elastically curved 
strip (2), which is glued (welded) to an engineering design element (1) with a strain gauge (3) attached 
to this elastically curved strip, connected to a system for registering and recording an electrical signal 
(4). 
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The design and operation of the device are illustrated in Fig. 1 and Fig. 2. The schematic of the 
developed device is shown in Fig. 1. The device consists of an elastic bent strip (2), which is glued 
(welded) to an engineering structure element (1) with a strain gauge (3) attached to this elastically bent 
strip and connected to the system to register and record an electrical signal (4). 
 

  
Figure 1 Drawing of a device for measuring the deformation of engineering structure elements: 1 - 
engineering structure element, 2 - elastic bent strip, 3 - strain gauge, 4 - electrical signal registration 
and recording system. 
 
The device operates as follows. An elastic bent strip (2) with a strain gauge (3) attached to it was glued 
(welded) to an engineering structure element (1). A variable σ(t) or constant σ0 stress is applied to the 
engineering element (1), which leads to a change in the length Δl of the engineering element (1), and 
consequently, the deflection arrow λn of the elastic bent strip (2). The magnitude of this deflection λn 
was converted into an electrical signal by a strain gauge (3), which was recorded by a measuring device 
called a graph plotter (4). 
 
The relationship between the relative static deformation ε = 𝛥𝛥𝛥𝛥

𝑙𝑙0
 of an engineering structural element (1) 

and deflection arrow λn of an elastic bent strip (2) is described by the Chebyshev formula for a 
tensioning chain line (Kuzmych et al., 2022c; Trus, 2022): 
 

                                                                   ε = 𝜟𝜟𝜟𝜟
𝒍𝒍𝟎𝟎

= 𝟖𝟖
𝟑𝟑
∙ λ𝟎𝟎

𝟐𝟐−λ𝒏𝒏
𝟐𝟐

𝒍𝒍𝟎𝟎
𝟐𝟐 ,                                                                                    (1) 

 
where l0 – initial length of the engineering structure element (1), Δl – change in the length of the 
engineering structure element (1), λ0 – initial length of the deflection arrow of the elastic bent strip (2), 
λn – deflection arrow of the elastic bent strip (2) with the changed length of the engineering structure 
element (1). 
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Fig. 2 shows a graph of the dependence of the deformation of an engineering structure element (1) ε(λn) 
on the deflection arrow λn of an elastic bent strip (2) on the readings of the graph plotter measuring 
device (4), to which an electrical signal from a strain gauge (3) is supplied. 
 

 
Figure 2 Graph of the dependence of deformation of an engineering structural element ε(λn) on the 
deflection arrow λn of an elastic bent strip. 
 
Thus, the proposed set of features will allow, using the relationship in the form of a quadratic 
dependence Δl ∼ λ𝒏𝒏

𝟐𝟐  between the relative change in the length of the engineering structure element (1) 
Δl and the deflection arrow λn glued (welded) to the engineering structure element of the elastic bent 
strip (2), taking into account the fixation of this deflection arrow λn by a strain gauge (3) glued to this 
elastic bent strip, to measure both plastic and elastic deformations ε with an accuracy of 𝜟𝜟ε

ε
 ≈ 𝟏𝟏𝟏𝟏−𝟕𝟕. The 

highest sensitivity of the device was achieved for the small deflection arrows of the elastic strip λ𝟎𝟎
𝒍𝒍𝟎𝟎

=
𝟏𝟏𝟎𝟎−𝟐𝟐 ÷ 𝟏𝟏𝟏𝟏−𝟑𝟑. 
 
Conclusions 
 
1. The task of creating a device to measure the deformation ε of engineering structural elements was 
completed. 
 
2. The technical and economic advantages of the device over similar ones, which belong to the most 
progressive technical solutions, consist of simplifying the design and reducing the cost of the devices 
that implement the proposed method. In the possibility of periodic automatic, rather than continuous, 
control of the deformation ε of an engineering structure element. In increasing the accuracy of the 
measurements of the deformation ε of an engineering structure element by two orders of magnitude 
(elastic deformations ε with an accuracy of 𝛥𝛥ε

ε
 ≈ 10−7). In expanding the class of tested engineering 

structural elements, including non-magnetic elements. 
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