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Abstract
Due to the complicated components of the reinforced concrete, the AE signals produced
by the structural model under different loads possess their different characteristics in the time
domain and frequency domain. This paper introduces the application of the Model AE-011
Acoustic Emission Test System with its wide band AE sensors to acquire and process the AE
signals emitted from the reinforced concrete structure and I-steel specimen under different
loads. When the health situation of the structures changes under the load, there is not only the
obvious difference on the duration and event count of the AE signal, but also the affinity
between the frequency character and the health situation of the structure. When the
reinforcing steel bar or metal part of the structure also has the serious deformation, the high
frequency component of the signal may reach above 1MHz. The results indicate that it is
helpful for the comprehensive and thorough analysis of the damage mechanism of the
structure by using the wide band AE sensor in the health monitoring of the reinforced
concrete structures.
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Acoustic emission (AE) in simple terms is defined as a transient elastic wave generated as
an outcome of a material deformation [1]. It is a common physical phenomenon. When the
materials are deformed or fractured under the stress, most of them will release AE signals [2].
The elastic waves directly associated with distortion and cracks transmit to the surface and
cause mechanical vibration. These original signals are captured by the AE sensor and their
waveform and characteristic parameters can be recorded and displayed after amplification
and processing. Thereafter, the related information for evaluating and analyzing the AE
source can be obtained.
At present, when the safety and reliability of the reinforced concrete structure are
evaluated, the corresponding examination diagnosis technologies are shown more and more
importantly. Among the various examination technologies in use, the practical effective of
the AE nondestructive monitoring technology has been proved and it causes more and more
interests. Since the reinforced concrete material consists of the complicated components and
possesses the characteristics of micro-crack and heterogeneity, its destruction process under
stress must be much more complex than that of the ideal brittle material. Using the AE

principle as well as the synthesis and contrast analysis for the different characteristic
parameters have provided the theoretical and technical support for the online monitoring for
the similar structure.
There are many persons doing a lot of research works for the AE phenomenon of the
reinforced concrete under the load. Carpinteri et al. appraised the damage degree of the
reinforced concrete construction and historic stone structure by using the AE monitoring [3],
and related the structure reliability appraisal and the developing situation of the structure
failure in together according to the AE event numbers in the different time period combining
with the examination in the time and the entire structure system. References 4 and 5
introduced the frequency component composition and its variation of the AE signals in the
single axle compression process for reinforced concrete and their analysis results, and pointed
out the energy of the representative frequency spectrum of the AE signal of the concrete
concentrating about 50~300KHz.
This paper uses the wide band AE sensors in the load examination of the entire online
monitoring of the reinforced concrete beam and I-steel sample, and analyzes the
characteristics in the frequency and time domains of the AE signals in the reinforced concrete
beam. The test steps and the main conclusions are as follows.
1.

Experiment environment
The size of the concrete beam used in the experiment is 0.30m×0.15m×3.30m with the

spiral steel as its skeleton surrounding with 30# concrete. On the other hand, the I-steel
sample is a standard casting with its length of one meter. The load equipment is an oil press.
The diagram of the equipment is shown in Figure 1.
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(a) Reinforced concrete beam under three point force

(b) I-steel beam under one point force
Fig.1 Experiment equipments
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2.

Parameter configuration

The wide band AE sensors manufactured by Shanghai COVORDA Electronic Systems
Co., Ltd., and the Model AE-011 Acoustic Emission Test System developed by Shanghai
ORDA Optoelectronic Science & Technology Co., Ltd. are used in the experiment.
Different from the piezoelectric ceramic sensing technology commonly used by the
domestic and foreign researchers, this sensor adopts an international patented technology
based on the principle of magnetostriction and receives the AE signals with the manner of
converting magnetic signals into electrical signals. This sensor has broadband characteristics
with its bandwidth from 50 KHz to 2MHz, in order to obtain the AE signals in a much and to
analyze the variation of the frequency of the AE signal from the reinforced concrete structure
under the different loads entirely. The sample frequency and sample number of the AE-011
data acquisition system are 10 MHz and 2048 per one trigger respectively.
3.

Data analysis

The damage process of the reinforced concrete usually divides three stages: crack occurs;
the crack develops stably; the crack develops unstably [6] [7].
When the test sample starts the load, there is a very high stress concentration in the
original defects of the structure and it causes the germination and the expansion of the crack.
The micro-crack tends to the energy balance in the expansion. On the one hand, along with
the load increases, the energy on the micro-crack tip accumulates unceasingly; on the other
hand, it displays as continuous expansion of the crack to reduce the energy accumulation on
the crack tip. When the micro-crack is suppressed due to the low stress concentration region
or the local resistance area in the expansion process, the crack will no longer expand,
representing as “crack stable”. In this case, the energy will accumulate on the tip.
Experiment starting, the load is gradually increased from 0 KN to 20 KN. The analysis for
the AE signals acquired in this stage shows that the frequency concentrates in the ranges of
100 KHz ~ 180 KHz and 300 KHz ~ 400 KHz. The frequency spectrum of the typical signal
is shown in Figure 2.
In this stage, the occurrence and development of the interior micro-cracks of the material
progress under the conditions of the microcosmic and under-microcosmic level. Since there is
no massive energy accumulating in the acme due to the big resistance during the expansion of
the crack, there will no big energy liberation to produce the AE signal. This time, there is
only a small influence for the material nature due to the damage of the material. Furthermore,
there is also no crack observed on the exterior of the structure.

Fig.2 Typical frequency spectra of AE signal at the starting loading stage

When the micro-crack meets the big resistance zoon such as aggregates and so on in the
expansion, its tip accumulates energy due to the suppression of its expansion. When the
energy accumulating at the tip is large enough, the crack will run through the aggregate or
cause the aggregate debonding from the cement paste and continue its expansion surrounding
the aggregate.
When the load is increased slowly, from 20 KN to 40 KN, it causes the internal
destruction of the beam much larger than that in the first stage due to the release of the large
energy which generates large AE signals. At the same time, some cracks have expanded to the
surface of the beam and are visible. It shows that the beam is in the stage of the crack stable
development. There are several frequency spectra of the typical signals shown in Figure 3.

Fig.3 Typical frequency spectra of AE signals in the stage of the crack stable development
At the beginning of this stage, the AE events occur frequently. However, there are
relatively fewer events later. The frequency of these signals concentrates in the range of 300
KHz ~ 400 KHz, also little in the range of 100 KHz ~ 180 KHz. In this stage, the duration of
the AE events increases gradually. At the late stage, the energy of the part AE signals tends to
distribute on the high frequency range, e.g., there are some obvious components appearing in
the range of 600 KHz ~ 1.1MHz.
In this stage, although the internal destruction of the structure is more serious, the
structure still has a certain bearing capacity because of the bridge effect of a large number of
aggregate.
When the cracks in internal structure achieve energy balance, and its expansion is resisted
by the aggregate, the energy on the crack tip will accumulate again. It forms the
impenetration of the aggregates in a large area and the cement paste debonding from the
aggregate. Thereafter, a large amount of AE signals are generated, and the bridge effect is lost.
Hence, the bearing capacity of the structure decreases rapidly and the structure enters the
unstable stage. This time, even the steel bar skeleton of the structure also can deform.
When the load is gradually increased till 60KN, the number of the visible cracks on the
surface of the beam grows rapidly and the width of the cracks also unceasingly expands.
Comparing with the previous stage, the frequency spectrum of the signal shows the tendency
of shifting to the high frequency range of 600 KHz ~ 1.2 MHz or even above, as shown in
Figure 4.

Fig.4 Typical frequency spectra of AE signals in the stage of the crack unstable development
The experiment indicates that the frequency characteristics of the AE signals of the
reinforced concrete structure are not unitary, but appear on the multi frequency zones
simultaneously. When the situation of the destruction is serious, the high frequency
components of the AE signals show much more obvious, even above 1MHz or more. Ii is
judged that this phenomenon should be the special case in this kind of the structure when the
concrete debonds from the steel bar, which presents the characteristic of the AE signal of the
metal.
In the load experiment for the I-steel sample, the sample is pressed until yield. The
frequency spectrum of AE signal concentrates 900 KHz to 1600 KHz. It also shows the
phenomenon in the forgoing paragraph. Figure 5 shows the entire waveform and its
corresponding frequency spectrum of the AE signal acquired by the AE-011 when the I-steel
sample yields.

Fig.5 Typical AE signal and its frequency spectrum when I-steel yields
Overall analyzing the AE signals in a much wide frequency band will be helpful for the
entire evaluation of the AE signals. Hence, in the period of applying the AE technology to the
reinforced concrete structure, it is suggested that the high frequency components should be
paid close attention to, based on the traditional research.
After doing the statistics for the AE event number in the above experiment, the break line
can be obtained, as shown in Figure 6. Figure 6 shows that the tendency of the break line is
coincident with the analysis of the destruction mechanism of the reinforced concrete.
According to the break line, a suitable dividing point can be selected. When the monitoring
system examines the AE signals from the interior of the structure frequently, it means that the
performance of the structural safety has reached the alarm margin. This has a very high
practice value for the real-time alarm monitoring.

Fig.6 Statistics for the AE events in the experiment

4.

Conclusion

AE technology is a new practical nondestructive testing method for studying the internal
structure of the reinforced concrete constructions under the different loads. Applying the wide
band AE sensors to acquire much all-sided frequency characteristics and time-domain
features of the AE signals can provide all-round information for the online structure health
monitoring of the reinforced concrete constructions.
The experiments in this paper show that when the health situation of the structures
changes under the load, there is not only the obvious difference on the duration and event
count of the AE signals, but also the affinity between the frequency character and the health
situation of the structure. Furthermore, when the reinforcing steel bar or metal part of the
structure also has the serious deformation, the high frequency component of the signals may
reach above 1MHz or more.
The results indicate that it is helpful for the comprehensive and thorough analysis of the
destruction mechanism of the structure by using the wide band AE sensor in the structure
health monitoring of the reinforced concrete constructions.
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