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Abstract 

Modern construction projects represent complex engineering structures that vary in purpose, materials, height, the regulatory 
period of service, purpose and features of operation. Oftentimes, there is a need for reconstruction of old buildings and structures. 
It requires the development of technologies, methods, and special equipment for the inspection of buildings and constructions, as 
well as for the quality control not only in the course production but also at the construction site. The use of control devices allows 
solving problems of contractor’s non-compliance with the requirements of the project and the consequences of incorrect 
installation which in its turn may lead not only to economic losses but also to the damage to the health and lives of people. The 
paper deals with the diameter of the control task rebar for reinforced concrete structures by adopting the full-scale-model test 
approach. The main method of the non-destructive testing of the selected eddy current. As a result of the algorithm application, a 
full-scale-model test approach was developed with a simulated “drive-object control” line in the package Ansys Maxwell XV. 
© 2016 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of ICIE 2016. 
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1. Introduction 

Over the past few decades, the construction industry has made a significant step forward. Building technology is 
developing at a very fast pace. Control of the current state of buildings, made of reinforced concrete composite 
materials, is very topical issue at the moment [1,2]. Every year, improved control standards that must be followed 
during the construction of building structures. During the construction of the structure, compliance with the 
geometric parameters of reinforcing bar is key [3]. Diameter mismatch can lead to premature failure in service 
object [4]. At the same time, it is imperative to use non-destructive testing methods to obtain information about the 
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structure and composition of an object, without the use of penetrating tool [5,6]. Control of the technical state of the 
object is a separate area, which covers a huge range of issues associated with the maintenance, diagnosis and 
maintenance of buildings and structures. For the development of measures to restore the performance of structures 
necessary to carry out control operations surveys to identify the causes of premature wear and reducing their load-
bearing capacity. In this regard, urgent is the development of methods and control approaches of these parameters, 
as well as perform visualization of rebar [7,8]. Approaches based on the eddy current method, which relates to non-
destructive testing methods [9]. 

All NDT methods have one important advantage - the absence of mechanical damage to the facility during his 
examination [10]. They are based on an analysis of the effects of radiation on the controlled object, nature study, 
propagation in it of electromagnetic and elastic vibrations, study the structure of materials by conventional and 
electron microscopes. NDT methods are based on the observation, recording and analyzing the results of the 
interaction of physical fields (radiation) or substances subject to control, and the nature of this interaction depends 
on the chemical composition, structure, structure of the state of the controlled object, etc [11]. The use of non-
destructive testing equipment to solve the problem of non-compliance by contractors of the project requirements and 
the consequences of improper installation [12]. 

By the nature of the interaction of non-destructive methods are divided into active and passive [13,14]. In the first 
case, the registration is performed waves arising in the object [15]. The second measurement is the intensity of the 
transmitted or reflected by the object of the acoustic signal. The most common and promising are active methods. 
Depending on the physical phenomena underlying the methods of active control, they are divided into four main 
types: acoustic, magnetic, eddy current, radio wave [16,17]. In the work as the core, eddy current method is adopted. 
Its main advantages are high performance control, accuracy and penetrating power. 

Operation of this method lies in the threading of the object control the electromagnetic field, while in the control 
object are excited by the eddy currents and the removal of the results of the measuring coil (Figure 1). The 
alternating current that passes through the selected frequency of the exciting coil creates a magnetic field around it 
and fixed the measuring coil. When the coil is placed near a conductive object excited by the eddy currents. The 
parameters of the magnetic field recorded by the measuring coil are the initial data for determining the diameter of 
the rebar [18,19]. 

 

Fig.1. The principle of the eddy-current converter. 

2. Statement of the problem 

The object of research and monitoring in this study is the rebar’s [20]. Rebar rolling-metal bar made of hot-rolled 
products, used to reinforce concrete by the perception of tensile stresses during operation. Geometric model of 
interaction eddy current converter is shown in Figure 2. 
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Fig.2. The geometric model of the object of study 

The configuration of coils in figure 2 is made in such a way that when it detects a reinforcing bar in overlying 
concrete matrix eddy current sensor positioned so that its longitudinal plane was perpendicular to the plane of the 
transverse control object [21,22]. Thus at the measuring coils lying on both sides of the object of control flows, and 
thus the readings are equal, and the measuring coils lying directly on the object, they will also be equal to control. 

3. Development of the measuring device 

To implement the chosen method of non-destructive testing is suggested to use a measuring device, a block 
diagram is shown in figure 3. 

 

Figure 3. The block diagram of the measuring device. 
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The measuring device includes: OPC - mini PC for controlling the measurement process and store measurement 
data for later processing, DAC - DAC that implements the functions of the master oscillator of the probe signal, PA 
- power amplifier provides an amplified signal to the DAC output to the required level , D - a switch for selecting 
the radiating coils of the matrix precision electromagnetic converters (Magnetic System), MA - multichannel 
measuring amplifier emf signals received from the coils outputs unused for an electromagnetic radiation field, ADC 
- a multi-channel analog-to-digital converter for converting the electrical signal is digitized to record the OPC in the 
memory. In addition, the timing diagram shows the structural element SS, intended for synchronizing the operation 
of the digital to analog converter DAC, the switch D, analog-to-digital converter ADC. 

4. Development of the algorithm for determining the full-scale-model tests 

Given the lack of a number of specific parameters, such as the electrical conductivity of the concrete, the real gap 
h (Fig. 2) between the eddy current transducer and the object under test, as well as the diameter of the rebar, it is 
proposed to solve the problem to use full-scale-model tests approach implementation [23], which allows you to 
perform processing so as to be adequate to the experimental results. In accordance with the task algorithm for full-
scale-model tests it has been developed, is shown in Figure 4 [24,25]. 
 

 

Fig.4. The algorithm implementing the method of full-scale-model tests 
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The algorithm implementing the method of full-scale-model tests experiment to determine the diameter of the 
reinforcement bars of reinforced concrete structures allows to perform the calculation under the conditions described 
in the absence of data on the diameter of the test object and the distance between the eddy current probes and 
rebar[26,27]. To implement the proposed algorithm, the model of the electromagnetic system "drive-object control" 
shown in Figure 5. 

 

Fig.5. The model of the electromagnetic system "converter object-control" 

An example of the simulation results when the diameter of the object of control are shown in Figure 6. 
 

 

Fig.6. An example of simulation results of the object control 
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5. Conclusion 

The algorithm of realization of full-scale modeling approach as the basis for program and device for determining 
the diameter of reinforcing bars in reinforced concrete elements of building constructions. To obtain primary 
information about the electromagnetic field is proposed and studied the original design of the magnetic system, 
representing a matrix of high-precision electromagnetic transducers. The measurement results are processed in a 
computer model, which is configured so that the result of simulation of electromagnetic fields in the points of 
sensors location coincide with the results of direct measurements.

Acknowledgements 

The results obtained with the support of the grant RFBR  16-33-60177 " Investigation of the process of 
structure formation of ash porous glass in the annealing step using homogeneous and discrete models " using 
equipment entre for collective use "Diagnosis and energy-efficient electrical equipment" (NPI). 

References 

[1] GOST 14014-91, Instruments and measuring transducers, Digital voltage, current, resistance, 1991. 
[2] GOST 26.020-80, Fonts for measurement and automation, Faces and basic dimensions, Moscow, 1980. 
[3] Sh.V Ahmedov, D.V. Shaikhutdinov, N.I. Gorbatenko, Y.R. Krevchenko, To select appropriate functioning of the device highly accurate 

measurement of the valve parameters, Modern problems of science and education. 1 (2015). URL: http://www.science-education.ru/121-
18963. 

[4] I.A. Stetsenko, S.V. Ahmedov, I.S. Grushko, High Precision Device for Diameter Rebar Control in Reinforced Concrete Products, Procedia 
Engineering. 129 (2015) 754 758. 

[5] Sh.V. Akhmedov, D.V. Shaikhutdinov, N.D. Narakidze, N.I. Gorbatenko, Device for controlling the parameters of reinforcement in concrete 
structures, in: Proceedings of XIII International Scientific-practical conference, Engineering and scientific applications based on technologies 
NI NIDays. (2014) 326–328. 

[6] N.I. Gorbatenko, M. Lankin, D.V. Shaikhutdinov, K. Gazarov, A. Kolomiets, Electromagnetic induction system for testing ferromagnetic 
shape memory alloys, in: Proceedings of the 6th International Forum on Strategic Technology, IFOST 2011. (2011) 194–196. 

[7] D.V. Shaikhutdinov, N.I. Gorbatenko, K.M. Shirokov, Facility for Measuring Magnetic Parameters of Articles from Sheet Electrical Steel on 
the Basis of National Instruments Technologies, Metal Science and Heat Treatment. 56 (2015) 618–620. 

[8] N.I. Gorbatenko, V.V. Grechikhin, D.V. Shaikhutdinov, Measuring and Actuating Devices Based on Shape Memory Ferromagnets, Metal 
Science and Heat Treatment. 56 (2015) 609–613. 

[9] A.M. Lankin, M.V. Lankin, N.I. Gorbatenko, D.V. Shayhutdinov, Determination of weber-ampere characteristic for electrical devices based 
on the solution of har-monic balance inverse problem, International Journal of Applied Engineering Research. 10 (2015). 

[10] D.V. Shaykhutdinov, N.I. Gorbatenko, S.V. Akhmedov, R.I. Leukhin, Device For Control Of Magnetic Properties Of Electrical Steel For 
Industrial Production Management System, in: Proceeding of 2015 International Siberian Conference on Control and Communications: 
SIBCON 2015, Omsk. (2015). URL: http://ieeexplore.ieee.org/xpl/login.jsp?tp=&arnumber=7147329&url=http%3A%2F%2 
Fieeexplore.ieee.org%2Fxpls%2Fabs_all.jsp%3Farnumber%3D7147329. 

[11] D.V. Shaikhutdinov, N.I. Gorbatenko, K.M. Shirokov, Facility for Measuring Magnetic Parameters of Articles from Sheet Electrical Steel on 
the Basis of National Instruments Technologies, Metal Science and Heat Treatment. 56 (2015) 618 620. 

[12] D.V. Shaykhutdinov, N.I. Gorbatentko, S.V. Akhmedov, M.V. Shaykhutdinova, K.M. Shirokov, Experimental and Simulation Tests of 
Magnetic Characteristics of Electrical Sheet Steel, Life Science Journal. 10 (2013). URL: http://www.lifesciencesite.com/lsj/life1004 
/361_22173life1004_2698_2702.pdf. 

[13] A.M. Lankin, M.V. Lankin, N.I. Gorbatenko, D.V. Shaykhutdinov, Determination of weber-ampere characteristic for electrical devices 
based on the solution of har-monic balance inverse problem, International Journal of Applied Engineering Research. 10 (2015) 6509. 

[14] A.M. Lankin, M.V. Lankin, N.I. Gorbatenko, D.V. Shaykhutdinov, Determination of Weber-Ampere Characteristics of Electric Devices 
Using Solution of Inverse Problem of Harmonic Balance, Modern Applied Science. 8 (2015) 247 261. 

[15] D. Shaykhutdinov, A. Lankin, N. Narakidze, V. Grechikhin, K. Shirokov, N. Gorbatenko, Complex Predict Fault Diagnostics of 
Electromagnetic Actuators Based on the Principle Component Analyses, Research Journal of Applied Sciences. 10 (2015) 555 557. 

[16] A.M. Lankin, M.V. Lankin, V.V. Grechikhin, D.V. Shaikhutdinov, Determination of Magnetic Characteristics of Alternative Current 
Electrotechnical Devices Using the Method of Full-scale-model tests, Research Journal of Applied Sciences. 10 (2015) 695 700. 

[17] D. Shaykhutdinov, A. Lankin, S. Janvarev, N. Gorbatenko, D. Schuchkin, Application of Tensor Methodologies for the Description of Non-
Linear Processes in Electromagnetic Drive, Research Journal of Applied Sciences. 11 (2015) 798 800. 

[18] D. Shaykhutdinov, N. Gorbatenko, R. Leukhin, Development of a computer-based stand for research of the methods of sensorless control of 
electromagnets DC, Research Journal of Applied Sciences. 12 (2015) 845 847. 



2398   I.A. Stetsenko et al.  /  Procedia Engineering   150  ( 2016 )  2392 – 2398 

[19] D.V. Shaykhutdinov, R.I. Leukhin, K.M. Shirokov, Automated Stand for Intelligent Actuators Regulators Setup Parameters, Procedia 
Engineering. 129 (2015) 749 753. 

[20] D. Shaykhutdinov, A. Lankin, S. Janvarev, N. Narakidze, R. Leukhin, K. Shirokov, Development Multiprocessing Mathematical Model of 
Electromagnetic AC Drive, Research Journal of Applied Sciences. 12 (2015) 812 814. 

[21] N. Gorbatenko; M. Lankin; D. Shaykhutdinov; K. Gazarov, Electromagnetic induction system for testing ferromagnetic shape memory 
alloys, in: Proceeding of The 6th International Forum on Strategic Technology : IFOST 2011, Harbin. (2011) 194 196. 

[22] N.I. Gorbatenko, V.V. Grechikhin, D.V. Shaykhutdinov, Measuring and actuating devices based on shape memory ferromagnets, Metal 
Science and Heat Treatment. 56 (2015) 609 613. 

[23] V.I. Dubrov, D.V. Shaikhutdinov, K.M. Shirokov, S.V. Akhmedov, N.I. Gorbatenko, Information-Measurement System for Stend for 
Testing Hydraulic Products, in: Proceeding of 2015 International Siberian Conference on Control and Communications: SIBCON 2015, 
Omsk. (2015). URL: http://ieeexplore.ieee.org/xpl/login.jsp?tp=&arnumber=7147317&url=http%3A%2F%2Fieeexplore.ieee.org%2Fxpls%2 
Fabs_all.jsp%3Farnumber%3D7147317. 

[24] D. Shaykhutdinov, N. Gorbatenko, V. Grechikhin, K. Shirokov, V. Du-brov, Development of the computer-based stand for research of the 
voltage generation effect of the magnetic shape memory material, Research Journal of Applied Sciences. 10 (2015) 170 172. 

[25] V.I. Dubrov, D.V. Shaykhutdinov, K.M. Shirokov, Information-measuring System for the Flow Process Hydraulic Machines Testing Stand, 
Procedia Engineering. 129 (2015) 184 190. 

[26] A. Bulgakov, D. Shaykhutdinov, N. Gorbatenko, Sh. Akhmedov, Application of full-scale experiments for structural study of high-rise 
buildings, Procedia Engineering. 123 (2015) 94 100. 


