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SUMMARY 

 
 

This work describes the main methods and tools of geotechnical control with the help of which the 
safety of the hydraulic structure is maintained. The principle diagrams of the structure of the equipment 
and the places of their specific application are given. The given tools of geotechnical control are 
distributed according to their intended purpose, for example, vibrating piezometers are used as filtration 
control and measuring equipment, rebar dynamometers control stress indicators in the reinforced frame 
of concrete structures, inclinometric garlands together with extensometers reflect the stresses that occur 
in the soil massif. 
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Introduction 

 

Any geotechnical project is hypothetically dangerous, and any earthwork is at risk of encountering the 
unexpected. Such circumstances cannot be avoided when it comes to working with materials of natural 
origin. The Dniester Pumped Storage Power Plant (PSPP) is one of many such projects being built in 
difficult geological conditions. Key structures are influenced by various factors. Under certain 
conditions, unpredictable deformations may occur. There is also a risk of unforeseen deformations 
during the operation of the pumped storage power plant (Zyhar et. al., 2021a, 2021b) To prevent the 
occurrence of adverse events, a network of monitoring sensors was installed in the foundations of the 
main structures of the Dniester PSPP, which were consolidated into a system called «Complex 
automatic control system of structures» (hereinafter referred to as ACSS). Schematic diagram of the 
device of the system is shown in Figure.1. 
 
Control sensors are installed in the soil mass, also in critical places of concrete structures. Rob-wpe 
borehole extensometers, vibration wire in-place inclinometer, vibrating wire piezometer are installed in 
the soil massif. For concrete structures, the main focus is on the work of the reinforcing frame of the 
structure; rebar strain meters are used for these purposes. The conditional location of the sensors is 
shown in Figure 2. 
 

 

 

Figure 1 Schematic diagram of the device 

of the ACSS system 

Figure 2 Location of the main installation locations 

of geotechnical control sensors 
 
Data, Method and Results 

 

Embedded reinforcing strain gauges are designed to determine the deformation of reinforcement and 
are installed directly in building structures. When fabricating the structure, the sensor should be 
positioned parallel to the reinforcement and secured by welding or wire or nylon ties. The simplicity of 
the device and the robust design make it possible to monitor the state of the structure over a long service 
life of the structure. The reinforcing strain gauge consists of a short piece of a high-strength steel rod 
drilled along its longitudinal axis and a sensitive element with an oscillating string placed in the cavity. 
On both sides of the steel bar, pieces of reinforcement are welded, transferring the load to the sensitive 
element. Even with slight deformations of the steel bar, the tension force of the string changes. When a 
string is excited by an electromagnetic coil, the frequency of its oscillations will depend on the tension 
force. The measuring coil transmits information about the vibration frequency of the string to the 
converting device. (Geokon, 2019a) Figure 3. 
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Vertical, horizontal multipoint downhole MEMS inclinometer several MEMS sensors, guide roller, 
telescopic tube and housing inclinometer. The body is attached to the structure or embedded in the 
direction which assumes vertical/lateral movement. The Corps exercises position and direction control. 
Due to the fact that the measuring range of the level sensor MEMS sensor is no more than ±10 degrees, 
it can be installed vertically or horizontally direction according to the calibration method. Settling and 
heaving lead to a change in the angle of the sensor with hull displacement. The value of this change is 
given in mV. Figure 4. When multiplying the transformed sine by the base strain gauge (L), you can 
easily calculate the amount of displacement. The amount of displacement, that is, the distance that was 
the movement is made, is the difference between the original measured value and current measured 
value. Allows for remote measurements, or work in automatic mode, using data logger. The 
inclinometers are made of stainless steel, which ensures their water resistance and corrosion resistance. 
They are used to measure angular or horizontal displacements in the underlying soils, as well as during 
dynamic measurements in real time. (Geokon, 2019b) 
 

  
Figure 3 Structure and installation examples 

Rebar Strain meters end "Sister Bars" 

Figure 4 Structure and installation examples of 

Wire In-Place Inclinometer 

 
The string borehole rod extensometer includes an anchor cover, extension rods, protective tubes and 
string displacement sensors. The vibrating transducer measures the amount of settlement or heave and 
changes the frequency-coded signal as the amount of displacement changes in the ground layers. 
Anchors connected to the rods are mounted in the well. Anchors and rods tied to stable ground move 
up and down as movements occur in the well. The movements change the tension of the string inside 
the string pickup. When the string tension changes, the excitation occurs and the string pickup sends 
out a frequency-coded signal. The signal is received and displayed on the string pickup reader. One 
measuring well Ø100 mm can contain from 1 to 6 anchors of a string borehole rod extensometer. The 
number of anchors depends on the diameter of the well and the type of anchor. Anchors can be of the 
following types: submersible reinforcing anchors (embedded in cement mortar) for rocky soils and 
hydraulic anchors for bulk and soft soils. Fiberglass rods of anchors Ø6 mm are cut to the required 
length on site. The String Borehole Rod Extensometer is used for deep wells with expected ground 
movement. Protective tubes made of nylon prevent the rods from coming into contact with cement or 
rocks. (Geokon, 2019c) Figure 5. 
 
Piezometers are designed to measure the pore pressure of water. The sensitive element is a metal string. 
The sensor has a cylindrical stainless-steel housing, at the end of which there is a porous filter. The water 
passes through the filter and exerts pressure on the membrane, which transmits force to the string, 
increasing or decreasing its tension. Two electromagnetic coils inside the pickup excite the string and read 
the resonant vibration frequency from it. The read signal is processed by a data logger. The sensor has a 
built-in thermistor for thermal compensation. [Geokon, 2019e] Figure 6. 
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Figure 5 Construction and installation 

examples of Rod Extensometers 

Figure 6 Structure and installation examples 

of Vibrating Wre Piezometers 

 

Raw information from sensors is read by Datalogger and sent to the data collection server. The data 
collection server stores and generates reports in the form of a tabular structure. The next step is the user 
software, which polls the server already. In this user software, correction of calibration certificates of 
sensors is made, as well as visualization of information on the monitor screen in the form of graphs and 
curves. Fragment of the program window (Bancomzvjazok, 2022) Figure 7. 
 

 
Figure 7 Temperature readings of inclinometric sensors in the user interface environment 

 
Conclusions 

 

Complex automatic control system of structures has proven itself well during operation. The main 
advantage of this system is the ease of installation, information content, allows real-time surface 
analysis of the geotechnical state of the structure. Respond promptly to threats and dangerous 
phenomena. Which can potentially affect the operation of the energy facility. For the correct operation 
of the system, highly qualified personnel of various professions, electrical engineers, IT managers, 
geologists, hydraulic engineers, and surveyors are required. 
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