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ABSTRACT

Stability of building structures is one of very important issues in the field of non-
destructive defectoscopy. Taking into account the fact that most of concrete and 
reinforced concrete structures were created in the first half of last century, it is
evident that a search for new and simple defectoscopic methods, allowing the 
researchers to determine the integrity of these building structures or their parts, is of 
primary importance. It is also essential to develop and/or refine the methods 
designed to estimate the lifetime of building structures. The current methods of non-
destructive testing of building materials are suitable for the defectoscopy of
homogeneous materials and simple-shaped bodies. Their application to 
inhomogeneous building materials is difficult in the case of small-sized cracks and 
defects uniformly distributed throughout the specimen. 
This is why non-destructive diagnostic methods (NDT) are acquiring growing 

importance, helping the researchers to evaluate properly the condition of a bridge 
and decide upon the most convenient method maintenance, repair or refurbishment
of the bridge in question or its parts and schedule them accordingly. Reconstructions 
of motorway bridges are frequently accompanied with long-time restrictions of the 
number of motorway lanes, which result in considerable delays and consequent 
financial losses of the motorway users. If the application of NDT methods contribute 
to optimizing the bridge repair interventions and their scheduling in conformity with 
safety rules, then the costs of researching new NDT methods are fully justified. 
One of the methods, which is recognized worldwide as the most promising for the 

mentioned purposes, is the acoustic emission (AE) method. By contrast to most other
NDT methods, AE is a comprehensible method, allowing both one-shot examination 
and long-term monitoring of the condition of the structure under consideration or its 
selected parts. The present paper deals with the use of the AE method from the 
viewpoint of its application to diagnosing the bridge structure reinforcement corrosion 
and its consequences.

Keywords: non-destructive testing, reinforced concrete structures, reinforcement 
corrosion, acoustic emission method 
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1 INTRODUCTION 

Bridge structures make an important element of the traffic infrastructure. Most of 
these bridges are made of reinforced concrete, usually pre-stressed one. Their 
safety, regular maintenance and sufficient technical condition are essential for 
keeping the traffic continuity and smoothness. Permanent growth of the traffic 
intensity, which further amplified after the Czech Republic’s joining the EU in May
2004, climatic effects (above all a great number of freeze-thaw cycles in the winter 
season, winter road treatment (high intensity road salting), impacts of aggressive 
environment and, of course, natural ageing, they all contribute to gradual degradation
of these bridges. Corrosion of the embedded steel reinforcement ranks among the 
most significant adversely acting mechanisms. The reasons for the corrosion to
occur, are various: failures occurring during the bridge construction, consequences of 
traffic load or, simple ageing of the structures. 
Acoustic emission method (AE) has been examined as a potential tool to detect 

the consequences of the steel reinforcement corrosion. In the neighbourhood of the 
embedded reinforcement there arise tiny cracks in consequence of the pressure 
these layers are exerting on the surrounding concrete. It may even happen that, in 
consequence of the corrosion, the contact between the reinforcement and the 
concrete will be entirely lost. This process can be detected using the AE method. 
Papers have been published dealing with the AE activity monitoring in the course of
accelerated corrosion of the reinforcement in laboratory environment. The AE 
method has been applied to a one-shot determination of the condition of a bridge 
structure in the course of loading.

2 EXPERIMENT 

The experiment was carried out on a bridge No. 50-017 near Vícemilice village, 
which had been built in 1939. It is a one-field monolithic girder bridge, featuring a 
span of 11.15 m, free width of 9.3 m, see Fig. 1. The bridge reinforced structure
consists of six longitudinal beams, with a 0.35 x 0.85 m cross-section. The beams 
rest upon steel supports. The beams are reinforced with cross girders of a width of

0.2 m and a height of 0.65 m at three points. The bridge inclination amounts to 50 ,
the cross girders are located with a separation of 3.6 m, being perpendicular to the 
beams. The normal load capacity of the bridge amounted to 16 tons at the time of our 
measurements.

2.1 Experiment setup

The bridge testing points were situated in the span centre for all six beams. The 
acoustic emission signals were brought about by a 18 ton Liaz truck traversing a 
timber sleeper. The beam surface areas intended to accommodate the sensors were 
smoothed out by means of a hand flat-surface grinding machine. The sensor
arrangement is seen in Fig. 2. The position of the sleeper during the load testing is
shown in Fig 3. Each beam has been measured individually. Two sensors have been 
fitted to each beam in order to pick up the different emission events for the frequency
analysis, four sensors have been connected to LOCAN 320 acoustic emission 
measuring system. The sensors have been placed symmetrically with respect to the 
beam longitudinal as well transversal centre lines. The sensor transversal spacing 
(between sensors No. 1 and 2, 3 and 4) amounted to 0.2 m, whereas the longitudinal 
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spacing (between sensors No. 1 and 3, and 4) equalled 1 m. The sensor output 
voltages were amplified by 40 dB in 2 kHz high-pass pre-amplifiers, and, 
subsequently by 50 dB in the measuring system.

Fig. 1. View of Vícemilice bridge and its soffit 

Fig. 2. Sensor arrangement       Fig. 3. Position of the sleeper during the load tests 

2.2 Measurement Results

Fig. 4 diagrams show the results obtained by LOCAN 320 system from the first
beam. They show the overshoot count vs. time plots for different system channels (1 
to 4). A marked overshoot concentration is apparent to occur in two distinct time 
intervals, namely, from 4 to 6 seconds, and from 8 to 14 seconds. These time 
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intervals correspond to the fall-induced impact of the first and second axles of the 
loading truck to the carriageway. Transversally arranged sensors No. -1 and 2 (ch – 
1, ch – -2) and No. -3 and 4 (ch – 3, ch – -4) are producing almost identical 
responses, differing in the overshoot counts only).

Fig. 4. Overshoot count versus time plot for the first beam and various measuring 
channels

The impulse concentration is also documented by the diagram shown in Fig. 5 
(left) showing the cumulative counts for each of the four channel output impulse 
overshoots versus time plot. The cumulative curve (at the right) does not exhibit the 
otherwise typical exponential shape due to a time delay between the impulse arrival 
times.

Fig. 5. Overshoot count versus time plot for all four channels 

The frequency distribution of the overshoots as recorded by all four sensors is 
shown in Fig. 6. Comparison of different sensor curves shows a high percentage of 
higher frequencies coming from sensors No 2 and 3. All sensor signals contain 
sporadic 1 MHz frequency voltages. The diagram shown in Fig. 7 shows the 
frequency occurrence time rate for all four sensors. The occurrence of higher 
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frequency components is evident at the time 5 s and in an interval from 8 to 10 s, 
which corresponds to the vehicle axle impacts on the carriageway and the bridge 
response fade-out. 

Fig. 6. Histogram of the average AE event frequency for different channels 

Fig. 7. Time rate of occurrence of the average AE event frequency for different 
channels
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Fig. 8. Frequency spectra corresponding to three travels of the loading truck 
The result of the frequency analysis of the time domain realizations as recorded 

by a storage oscilloscope is shown in Fig. 8. The frequency spectra correspond to
three different travels of the loading truck. A passenger car was travelling over the 
bridge just at the time when AE event No 1133 was recorded. The corresponding 
frequency spectrum (No. 1133) shows higher magnitudes to occur in the frequency 
range from 3 to 20 kHz. Spectra No. 1133 and 1134 show an emphasized 
occurrence of the 60 kHz component and a higher content of frequency components
from 100 to 1 000 kHz. 

2.3The reinforcement condition 

The principal beam reinforcement consisted of 8 smooth members of a diameter of
36 mm, which were mounted in two rows, with four members located above one 
another in each. Prior to the bridge demolition, a surface layer in a length of 0.5 m 
was removed from the beam reinforcement elements. 
Fig. 9 shows No 1 beam surface at the time of measurement and the condition of 

the reinforcement after the concrete cover layer has been removed. 

Fig. 9. No 16 beam – surface, condition of the reinforcement 

The supporting reinforcement of all beams was in the same condition at the 
measurement points. For the most part, the supporting reinforcement bottom 
member row was coated with rust scales up to a depth of 0.5 mm. The same 
condition was exhibited also by the shear reinforcement elements.

3 CONCLUSION

The overshoot count versus time plots reflect the bridge structure response to the 
force impulses very well. Except for discontinuities occurring at the axle travels over
the wooden sleeper, the cumulative count curves exhibit a smooth growth with the 
decay of the structure response to the load and thus induced impulse count increase.
The overshoots picked up immediately after the axle impact contain mainly high-
frequency components, which corresponds to the AE signals generated in the bridge 
structure bulk. The distance from the joists and stirrups to the measuring points must 
be taken into account when evaluating the frequency spectra obtained. The concrete
layer thickness reached several millimetres only making the stirrups visible already 
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prior to the beam destruction. For beam No. 1, the measuring point was 1 m away 
from the nearest joist and about 10 cm from the stirrups. 
The frequency range up to 30 kHz results obviously from the bridge geometry and 

sag. Higher load (and, consequently, sag), which was due to two vehicles travelling 
over the bridge at the same time, resulted in an increase of the frequency component 
absolute value in this frequency range (Fig. 8, 1133). The occurrence of the 
frequency component that is typical of concrete cracks, correlates very well with the 
crack shown in Fig.  9. The 175 kHz and 250 kHz components, which are typical of 
corrosion development, are enhanced, too. However, these frequency components
are partially masked by some components from the 100 kHz to 1 MHz interval, which 
are mainly due to the friction between sliding parts of the elements (beam and 
support). When measuring this bridge structure, the sliding contact surface problem 
appeared to be of importance, as these sliding contact surfaces can generate high-
frequency components (in the case of damaged surfaces). 
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