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Abstract

Reinforcement bars in concrete are exposed to several actions such as overloading, fatigue and corrosion.
These actions can lead to a deterioration of the reinforcement bars. However, only advanced stages of
damage in the reinforcement will be visible at the surface. Since no suitable commercial non-destructive
methods are available yet, the concrete cover has to be removed if damage is suspected. The magnetic
flux leakage method is a promising approach to solve this problem. Building on the results of a previous
project, a measuring device was developed that enables the simultaneous magnetization of the reinforce-
ment and measurement over a width of 20 cm. In order to support the user, a software is in development,
which allows an immediate evaluation and interpretation of the results. The present project aims at
demonstrating the value of the magnetic flux leakage method in particular for bridge evaluation.
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1 Introduction

The magnetic flux leakage method is common in the large-scale production of regular
goods. The adaptation of this method for civil engineering applications in general, and
to the steel reinforcement of concrete in particular, is a relatively new field of research.

Significant progress has been made in this field, starting with the investigations of South-
west Research Institute in the 70s and 80s [1], where several non-destructive testing meth-
ods for the detection of fractures of prestressed reinforcement were evaluated. The mag-
netic flux leakage method proved to be the most promising of all fifteen testing methods
evaluated.

The method was refined at TU Berlin in the 90s [2]. Scheel found characteristic curves
by performing further experiments and also provided an interpretation from a physical
background.

In a preceding project at ETH Zurich [3], the method was successfully applied to non-
prestressed reinforcement for the non-destructive testing of large-scale fatigue tests. A
handheld device was developed, which was capable of remanent field measurement.

2 Procedure of magnetization and measurement

The procedure of magnetization and measurement is shown in Fig. 1. A reinforcement
bar is illustrated with a fracture that is possibly caused due to fatigue action or a large
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deformation. The method does not rely on a crack width between both fracture surfaces,
however, the reliability rises with increasing crack width.

Figure 1: Magnetization of a reinforcement bar and active field measurement

Steel bars can be magnetized irregularly due to the production process or transportation
with a lifting magnet. In order to ensure a regular magnetization, the bar has to be
magnetized to the saturation point of the material. For this purpose, the measuring
device is equipped with iron cores and coils of a specific shape, which can focus the
magnetic flux directly on the test specimen.

The magnetic flux always chooses the path of least resistance and will travel through the
steel. At the fracture position, however, the propagation of magnetic flux is obstructed
by the discontinuity in the material. When the flux is traveling from one fracture plane to
the other, the majority of the flux still passes through the gap on the shortest route. The
small magnetic permeability at the fracture as well as of the surrounding concrete and air
causes the magnetic flux to occupy a larger volume around the fracture while propagating
from one crack surface to the other.

This “leaking out” stray field of the magnetic flux can be detected by the onboard sensors
of the device at a distance in the range of the typical concrete cover.

3 Prototype of the measurement device

The recently developed prototype for the measuring device is shown in Fig. 2. The
footprint of the device is similar to that of a letter size paper.

Compared to the preceding project, signal characteristics could be improved by adding
iron cores and coils, which allow active field measurement. The signals proved to be
stronger and more distinct. Furthermore, an increased measurement depth was achieved,
which allows measurements in structural elements with a larger concrete cover to the
reinforcement. Active field measurement also enables measuring over a greater width. In
this way, a two-dimensional surface measurement is obtained and the device can be used
without knowledge of the exact position of the reinforcement.

Currently, the weight of the device is an issue, however there are concepts to reduce the
weight in order to improve handling, especially when measuring overhead.
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(a) Oblique view (b) Bottom view showing the
hall sensor array

(c) Top view showing coils and
iron cores

Figure 2: Prototype measuring device

4 Signal representation

An experimental setup, consisting of a wooden frame holding the longitudinal and trans-
verse reinforcement, is shown in Fig. 3(a). One longitudinal bar has an artificial fracture,
as illustrated in the detail. The fracture surfaces are restrained from moving apart by
means of a flexible tube. Measurements were conducted in multiple overlapping pathways
and covered the width of four longitudinal bars.

The magnitude of the magnetic field is illustrated in the three Cartesian coordinates on
the measured area in Fig. 3(b), as well as a combination of all three components in a
superimposed representation. The results are superimposed onto the reinforcement layout
for ease of interpretation. The figure contrast in the measurement was enhanced with an
algorithm and the sensor drift was compensated. The brightness is directly proportional
to the magnitude of the magnetic field.

(a) Experimental setup and detail of the fractured
bar

x y z

(b) Superimposed results

Figure 3: Experimental setup and results

A regular pattern of the transverse reinforcement can be seen in both, the x- and z-
coordinates. This pattern can be used to match up the measurements with the reinforce-
ment layout. The signals of the transverse reinforcement are typically more distinct than
those of the longitudinal reinforcement. In this case, the longitudinal reinforcement is not
visible at all as the bars were placed at a small spacing in the second layer from the top.
The fracture in the longitudinal reinforcement, however, is clearly visible at this point as
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it is the only irregularity in the measurement and shows up in all three coordinates at the
same point.

Typically, large data sets arise from structural evaluations with non-destructive testing
methods. For this reason, an algorithm was developed in order to facilitate a structured
interpretation of the results and identify possible damages where further investigation
might be necessary.

5 Summary and Conclusions

The magnetic flux leakage method is a promising approach for evaluating non-prestressed
reinforcement. This method allows for structural inspections in civil engineering, which
are not yet feasible with common commercial solutions.

Laboratory tests indicate a reasonable reliability and suitability of the technique. Cur-
rently, tests are conducted on specimens with reinforcement layouts adapted from bridge
deck slabs. Further tests on real structures are necessary in order to specify precisely the
limits of applicability.

The developed representation and interpretation of the measured data meets the require-
ments for evaluating extensive amounts of data. The measurement results generally are
of qualitative nature. In order to draw conclusions on the type or extent of the damage,
the results have to be put into the overall context of a structural evaluation.
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