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Abstract

This work proposes a methodology for non destructive testing (NDT) of reinforced concrete structures, using
superficial magnetic fields and artificial neural networks, in order to identify the size and position of steel bars,
embedded into the concrete. For the purposes of this paper, magnetic induction curves were obtained by using a
finite element program. Perceptron Multilayered (PML) ANNs, with Levemberg-Marquardt training algorithm
were used. The results presented very good agreement with the expect ones, encouraging the development of
real systems based upon the proposed methodology.

Introduction

The inspection of the constitutive elements (steel bars) of the armature of reinforced concrete is a particularly
hard problem in Non Destructive Test (NDT) area, because. these elements are completely immersed in an
opaque solid media, the concrete. In the past two decades several NDT techniques have been used in the
evaluation of the general conditions of reinforced concrete. These techniques relies on elastic waves based
techniques [1], and electromagnetic waves based techniques. Electromagnetic waves based techniques can be
divided into techniques based on magnetostatic fields [2], induced eddy currents [3], ground penetrating radar
(GPR) [4], and X-ray techniques [5]. Each one of these techniques has advantages, disadvantages as well as
limitations. Techniques based upon elastic waves present troubles when used to detect anomalies or the presence
of objects of small dimensions, due to the large wavelength of this kind of wave. Techniques based upon high
frequency electromagnetic waves present problems due to the magnetic properties of the concrete, that present
interference effects in this frequency range. Finally, the techniques based on ionizing radiation (X-ray and
gamma rays) present serious risks to the health of workers and to the environment.

This work proposes a new methodology for the inspection of steel bar immersed in concrete structures, based
in the analysis of magnetic induction curves, created at the region of the structure by electromagnetic devices
specially designed for this purpose. The analysis of the magnetic induction curves is done by means of artificial
neural networks. For the purpose of this paper, the magnetic inductions values were simulated using a finite
element program [6].

1. The Proposed Methodology

The methodology proposed in this paper for the localization and identification of steel bars in reinforced
concrete structures consists in the utilization of artificial neural networks for pattern classification of electro-
magnetic signatures presented by the steel bars embedded into the concrete, at the concrete surface, when static
and/or quasi-static electromagnetic fields are generated in the region of the concrete structure. The presence of
the steel bars within the concrete will slightly disturb the field distribution at the concrete surface. This field
perturbation will depend of the size, position and number of bars within the concrete. Each bars configuration
will produce an unique deviation curve, called magnetic signature of the bar (or bars). When a large number
of samples are taken, artificial neural networks can be used to create an input/output relationship between the
magnetic signature and the bar (or bars) configuration.

In order to obtain a better comprehension of the proposed methodology, it will used to identify a steel bar
embedded in the concrete. First of all, hundreds of curves of induction magnetic deviations must be obtained.
For the purpose of this paper, they were generated using a finite element program [6]. The curves represent
variations of the position and size of the bar into the concrete. Figure (1a) illustrate the variations of the position
of the bar in the horizontal axis, and figure 1b illustrate the variations in the vertical axis. They represent 5
variations in the horizontal position (stepped by 2.5 mm) and 30 variations in the vertical position (stepped by
2 mm). By this way, 150 variations in the position were considered. Beyond this, 7 sizes were considered for
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Figure 1: Representation of the variations of the position in the (a) horizontal and (b) vertical direction

Figure 2: Electromagnetic device idealized for the generation of electromagnetic field

the bar diameter: 8 mm, 10 mm, 12 mm, 14 mm, 16 mm, 18 mm and 20 mm. So, 1050 simulations were done
with the program.

The magnetic curves are taken at the external surface of the concrete structure. Figure (2) illustrate in a
simplified manner a system that can be build in order to obtain the magnetic curves. It must be constituted of
a magnetic circuit, a field coil to generate strong electromagnetic field in the region of the bar, and hall sensors,
to detect the magnetic induction.

Figures (3) and (4) show samples of magnetic induction deviation curves at the depths of 10 and 30 mm,
respectively. The presented curves permits to observe the variations in the magnetic induction in function of
the position and size of the bar. Lua script language [7] was used to automatize the generation of the curves.

Figure 3: Curves for positions a, b and c (in fig. 3), depth 10 mm. Horizontal axis distance in cm, vertical axis
deviation of the normal component of the magnetic induction in T.
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Figure 4: Curves for positions a, b and c (in fig. 3), depth 30 mm. Horizontal axis distance in cm, vertical axis
deviation of the normal component of the magnetic induction in mT.

2. Training of the Neural Networks

From the 1050 data vectors obtained by the simulations, 60% of them was used in the training of the
neural networks, 20% was used in the cross validation of the networkss and 20% was separated for tests with
the obtained networks. Perceptron Multilayer (PML) networks, with Levemberg-Marquardt algorithm [8] were
used for the training.

The inputs for the networks were vectors containing values of the normal component of the magnetic induc-
tion at the surface of the bar. The number of elements in each vector was 41. None kind of preconditioning was
done with the input data.

The desired outputs for the networks were the depth and size of the bar. The output neurons are binary
numbers like (0, 0, 1) for bar diameter equal to 8 mm, (0,1,0) for bar diameter equal to 10 mm and so on. The
depth of the bar was considered in 3 different manners. First, the 150 positions were grouped in 10 groups, with
outputs like (0,0,0,0) for depth equal to 6 mm, (0,0,0,1) for depth equal to 12 mm, (0,0,1,0) for depth equal to
18 mm and so on. As an example, the desired values for the output neurons for a bar with diameter equal to
16 mm and depth equal to 42 mm is (0,1,1,0,1,0,1).

Table 1: Obtained results (successfully identification for depth and size) considering 10 possible outputs for the
depth.

Network Neurons on Neurons on Success in the identification (%)

hidden layer 1 hidden layer 2 depth size

1 10 10 96.67 99.05

2 15 10 99.52 99.52

3 15 15 100.0 99.52

After this, the 150 positions were grouped in 15 groups with outputs like (0,0,0,0) for depth 4 mm, (0,0,0,1)
for depth 8 mm, (0,0,1,0) for depth 12 mm and so on. Finally the 150 position were grouped in 30 groups, with
outputs like (0,0,0,0,0) for depth equal to 4 mm, (0,0,0,0,1) for depth equal to 4 mm and so on.

Table 1 summarizes the results for 3 training sections for the first configuration, table 2 the results for the
second configuration and table 3 shows the results for the third configuration.

The presented results agree very well with the expected ones, and confirm that artificial neural networks
can be successfully used in the analysis of magnetic signatures of steel bars embedded in reinforced concrete
succesfully.
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Table 2: Obtained results (successfully identification for depth and size) considering 15 possible outputs for the
depth.

Network Neurons on Neurons on Success in the identification (%)

hidden layer 1 hidden layer 2 depth size

1 15 15 99.05 98.52

2 20 15 99.02 98.52

3 20 20 100.0 100.00

Table 3: Obtained results (successfully identification for depth and size) considering 30 possible outputs for the
depth.

Network Neurons on Neurons on Success in the identification (%)

hidden layer 1 hidden layer 2 depth size

1 20 20 69.53 96.67

2 25 25 74.77 98.10

3 30 30 97.62 99.04

Conclusion

This paper presented studies based on computational simulation proposing the use of artificial neural net-
works in the pattern classification from magnetic induction curves, generated by an electromagnetic device at
the surface of reinforced concrete structures, in order to identify the position and the size of the elements of
its armature. The obtained results are expressive. The authors believe that the proposed methology can be
successfully used with real data achieved in real tests.
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