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Abstract 

Low frequency piezocomposite transducers have been used in combination with pulse compression methods to 
penetrate into concrete-type materials. Ultrasonic Chirp signal with a frequency range 100 – 200 kHz and of 10 
ms time duration was used to excite a pair of 54 mm diameter piezocomposite transducers in patch-catch mode. 
The centre frequency of the signal was 170 kHz. The result shows that some good signals with acceptable 
frequency were obtained. There was a problem with variability due to the high degree of scattering because the 
result had changed even with small changes in transducer position. Thus, an additional signal processing method 
was introduced, whereby the total energy reaching the receiver was calculated as a function of time from the 
cross-correlation outputs. 
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Abstrak 
 

Kombinasi ransduser piezocomposite frekuensi rendah dengan kaedah pemampatan nadi telah digunakan dalam 
untuk menembusi bahan-bahan jenis konkrit. Isyarat Chirp ultrasonik pada julat frekuensi 100 - 200 kHz dan 
tempoh masa 10 ms digunakan untuk merangsang satu pasangan tranduser piezocomposite bersaiz diameter 54 
mm dalam mod penangkapan tampalan. Frekuensi tengah isyarat ialah 170 kHz. Hasilnya menunjukkan bahawa 
beberapa isyarat yang baik dihasilkan pada frekuensi yang boleh diterima. Tahap penyerakan yang tinggi 
mendatangkan masalah dengan kebolehubahan kerana hasilnya telah berubah walaupun dengan perubahan kecil 
dalam kedudukan transduser. Oleh itu, kaedah pemprosesan isyarat tambahan telah diperkenalkan, di mana 
jumlah tenaga yang mencapai penerima dikira sebagai fungsi masa dari pengeluaran silang korelasi 
. 
 

INTRODUCTION 
 

It is very difficult to inspect thick sections of concrete and related material using ultrasound. The problem is 
mainly scattering from aggregate and other types of inclusions. This often limits the depth of penetration, but also 
causes a poor signal to noise ratio (SNR) to be present with a single-sided inspection (Gaydecki et al. 1992). The 
objective was to develop a system at low frequencies (100-400 kHz), which had good penetration, but which also 
had a reasonable bandwidth and SNR. This required the correct combination of transducer, excitation waveform 
and an additional signal processing method, so that the resolution of the method in terms of defect location could 
be optimised.   
 
Pulse Compression  
 

In this paper, Pulse Compression (PuC) techniques will be used at frequencies below 1MHz to obtain information 
about difficult materials or structures, using piezocomposite transducers to extend the available bandwidth (Gan 
et al., 2000). Such a combination has been seen to give good results. In some industrial materials, the use of 
conventional NDT probes and signals at frequencies below 1 MHz is not practical - they are limited in terms of 
average power, and the resolution is further restricted by the time response of the system at low frequencies. 
Simpler approaches thus face difficulty when used on highly scattering or attenuating materials. Moreover, the 
voltage drive levels often have to be restricted in the oil and gas industry, leading to a further lack of SNR. PuC 
helps to mitigate some of these problems, in that it relies on a matched-filter approach, where a long duration 
excitation waveform is used across the available bandwidth [Rao et al. 1994, Torok et al., 1998). It is thus possible 
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to overcome the problem of peak-power limitation using a lower voltage, but longer time-duration signal, and 
then to process this signal so that spatial resolution and SNR are optimized.  PuC techniques traditionally involve 
the transmission of a long coded pulse and the processing of the received signal to compress the output into a 
much shorter temporal signal: this compression is achieved by cross-correlating the output and the input signals 
(Venkatraman et al., 1996) and usually allows improving the SNR. PuC can be thus used on more highly 
attenuation materials and to detect smaller flaws, at longer distances than are possible with conventional pulsed 
NDT systems.  
 
Ultrasonic signals and techniques for use with pulse compression 
 
It is thus evident that, under ideal conditions, signals can reflect from a back-wall and can be received in a pitch-
catch orientation. The pulse compression approach, together with piezocomposite transducers with a suitable 
frequency response, can be used to obtain good signals. However, sometimes the signals are not this good; while 
it is possible to obtain good waveforms, there is a high degree of variability in the results. Some key points 
regarding this problem are as follows: 
i. Altering the position of the transducers slightly can lead to changes in the received waveform. 
ii. The distribution of aggregate throughout the bricks is likely to be unknown in a real on-site NDE inspection. 

This aggregate causes a superposition of scattering echoes, the details of which will be dependent upon the 
percentage content, composition and position of individual aggregate components. This contributes to the 
problem of variability between readings. 

iii. We are using low frequency probes with dimensions comparable to that of the lateral dimensions of the 
brick. This often limits the consistency of the acquired signal between different measurements, due to 
additional scattering from the contoured wall surfaces. Well-defined multiple echoes from the back-wall 
and/or a crack are sometimes not recorded, depending on the positions of the transducers on the top surface. 

 
MATERIALS AND METHODS 

 
The material is sufficiently attenuating that conventional signals could not be used for the imaging of defects. The 
transducers that have been used in this study were a broad bandwidth piezo-composite transducer with a nominal 
center frequency of 170 kHz. Measurements were taken in either through transmission or in pitch-catch mode. 
Linear chirp signals have been used throughout the study where the waveforms were generated using an arbitrary 
waveform generator within a National Instruments PXI system, and the drive signal was adjusted to suit the 
maximum response of the chosen transducer. The PXI system had a maximum output voltage of 15V, but typically 
only 4V was needed to drive the transmitter for the measurements reported here, a voltage amplifier has been used 
to enhance the input signal to the required level. The receiver was connected to the receiver section of the PXI 
system, and digitized before being processed for pulse compression. The schematic diagram in Fig. 1 below shows 
the apparatus set up used in the study. 

 

                                                     
 

Figure 1.  Apparatus setup for the measurement system 
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Basically two types of concrete were used in these experiments; the first type is a concrete block cast in our 
concrete laboratory where the ratio of concrete mix design as in the Table 1, which we named it as the Mix 1 and 
Mix 2. The size of these blocks are 10 cm x 10 cm with three different lengths for every mix which are 5 cm, 10 
cm and 15 cm. While the concrete structure 3 is a concrete sample of a furnace that had been used in the steel 
industry as shows in Fig. 2 (c). 
 

Table 1. Mix design for the concrete Mix 1 and Mix 2 
 

Mix Amount (kg/m3)  
Cement Water Coarse Agg. Fine Agg. 

1 1 0.5 1 1 
 2 1 0.5 2 1 

 

 

 

 
Figure 2. Concrete samples; (a) Mix 1 - normal concrete with 6 mm granite aggregate; (b) Mix 2 - normal 

concrete with 10 mm  river gravel aggregate; (c) Concrete structure 3 - refractory brick form metal 
industry with three different lengths

 
 
Pulse compression with Pitch-catch mode 

 
PuC techniques have been proposed for use in medical imaging applications using ultrasound (Venkatraman et 
al., 1996). Here, experiments on attenuating materials at low frequency are reported, to demonstrate that the 
approach can also be used for the NDT of difficult materials such as concrete samples. The objective of the test is 
to determine the thickness of the concrete sample by using pulse compression technique in pitch-catch mode. This 
is because most of the problems that exist in industries requiring measurement from one surface. In this test, three 
different mixes of concrete with different length have been used. The signal used is a standard linear chirp, with 
no windows applied. The duration of the signal is chosen to be 7 ms, plus a zeros wait cue of 1 ms. Tests initiated 
by performing calibration of ultrasonic pulse compression system using the standard block to ensure that the 
system always be well calibrated. Then, through transmission measurement has been used on concrete sample 
Mix 1 to define the velocity of the ultrasonic signal that travel through the sample. The velocity value then has 
been used to test the sample using the pitch - catch mode to determine the thickness or length of concrete under 
test. The same procedure was repeated for both Mix 2 and concrete structure 3. 

 
 
Reflected energy dispersion technique 

 
For the reasons described above, it was decided to define statistical quantities which could highlight the 
differences in length of concrete. The idea is to analyse the spatial and temporal distribution of the reflected energy 
in order to understand if there are noticeable variations when performing measurement on concrete samples with 
different length. This technique previously used in ultrasonic testing to test the materials that have a high 
attenuation. However, when it is used together with the system equipped with piezocomposite transducers and 
also long duration coded waveforms, it gives an advantage, especially on materials such as thick sample and 
concrete with uneven surface which attenuation is very high. This technique is an extension of the pitch - catch 
measurement that has been carried out previously by repeating the measurement 10 times and the transducers 
(transmitter and receiver) is moved randomly in every measurement.  
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In this method, the total integrated energy is obtained by summing the contributions scattered back to the top 
surface from each incremental depth into the material. A plot is produced as the value of this totally reflected/back-
scattered energy increases with time (and hence distance into the sample).  Eventually this reaches a maximum 
saturation level. A threshold level for the cumulative of the reflected energy is then chosen – in this case at 90% 
of the maximum level. The depth within the sample at which this energy is reached is then obtained from each 
individual measurement. This is then repeated by moving the transducer pair to different positions on the top 
surface, so that ten different values of the threshold distance are recorded. The data are then plotted as a histogram 
of the number of measurements that reached this 90% level at a particular depth into the sample (plotted from 0 - 
450 mm). In this way, it is hoped statistically to determine the location of the main reflection of energy back to 
the surface. 
 

RESULTS AND DISCISSIONS 
 
Pulse compression using Pitch-catch mode 
 
Figure 3, Figure 4 and Figure 5 show the results for pitch-catch measurement of different samples.  
 

 

Fig. 3. Pitch-catch result of Mix1 with different thickness; (a)5cm; (b) 10 cm; (c) 15 cm 

 
From the result above, it can be seen that the pulse compression technique is capable of determining the length of 
the normal concrete up to 10 cm as show in Fig. 3 (a) and Fig. 3 (b). In the Fig. 3 (c) it can be seen that the there 
are some features in common, there is not enough consistency for a proper measurement using the methods usually 
used in ultrasonic NDE. This is due to the presence of inclusion in the concrete sample mainly coarse aggregate 
causes a superposition of scattering echoes prevent enemies from getting a good result. 
 
Figure 4 above is the result of tests on Mix 2 sample. It can be seen that the results are almost similar to the result 
obtained from the Mix 1 where the cross correlation output shows the system is able to determine the thickness of 
the concrete samples up to 10 cm. But the result of the concrete structure 3 shows the situation is worse because 
the cross correlation analysis output shows the system with the same method was unable to determine the length 
of 10 cm. This is because the walls were uneven, with complicated shape, have complicated the situation by 
causing scattering and attenuation are higher compared to concrete Mix 1 and Mix 2. This situation demands the 
use of other methods for data analysis of the measured data. 
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Figure 4. Pitch-catch result of Mix1 with different thickness;  (a)5cm; (b) 10 cm; (c) 15 cm 
 

 
 

Figure 5. Pitch-catch result of Mix1 with different thickness; (a)5cm; (b) 10 cm; (c) 15 cm 
 
 

Figure 5 shows pulse compression outputs from single measurements of concrete structure 3 (refractory brick) 
with various lengths. It shows that measurements from three different lengths cannot be distinguished using this 
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technique. This situation was probably due to the small outer surface testing area (100 mm x 100 mm) compared 
with the sample length (354 mm). Furthermore, the unevenness of the sample wall (claws) complicates matters. 
 
 

 
 

Figure  6.  Three signals from three different locations 
 
Figure 6, where the three signals are very different from each other. It can also be observed that the signal obtained 
is very random with no recognisable pattern relatable in the physical form of the sample.  
 
 
Reflected energy dispersion technique 

 
 
 

Figure 7. Cumulative reflected acoustic energy (normalized) as a function of the distance into the sample 
 

Figure 7 shows another strategy that was explored to overcome this uncertainty in order to differentiate between 
complete and broken samples. Result shows the trend of the cumulative reflected acoustic energy (normalized) as 
a function of the distance into the sample. This is shown for sample no. 1 in both its original and broken state. It 
can be seen in Figure 7 that the amount of energy returning to the top surface in pitch-catch mode increases more 
quickly to the 90% threshold level for the broken sample (black line) than for the full-length one (red line). The 
idea is that the slope of this line, obtained by differentiating this curve, can be used as a parameter to distinguish 
a full-length sample from a broken one. The new method seems to give a good indication of the likely position 
within a sample of a major change, such as the brick breaking completely. The variations in the results might be 
due to changes in velocity within different parts of the same brick, and between individual bricks. 
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CONCLUSION 
 
The study shows by utilizing low frequency ultrasonic signal, a high attenuation sample such as concrete could 
be  inspected. The reflected energy dispersion technique is suitable in solving the problem with refractory bricks 
where the shape of the sample has increased  the level of attenuation within the sample. 
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