
 

Detecting Maintenance Issues in Prefabricated Structures with 
Ultrasonic Pulse Echo Technology 

David Corbett1, Zhivko Zhelyazkov2 

1 Product Management, Proceq SA 
Schwerzenbach, Switzerland; Phone +41 43 355 3825; e-mail: david.corbett@proceq.com 

2 Head of Laboratory, Novostroy Control 
Sofia, Bulgaria; email: zhivko@novostroy.com 

Abstract 

More than 80 million people across Eastern Europe and Russia are living in prefabricated panel buildings, built 
in the period from 1960 to 1990. Many are coming to the end of the designed service life. The weakest element 
in the construction of these buildings is the connection joint between panels. The discovery of these problematic 
joints is a major element in the investigation of panel buildings. The sheer scale of the problem facing the 
assessment teams; i.e. the number of buildings to be investigated and the number of joints in each building, 
means that it is absolutely necessary to find a rapid technique to distinguish between sound joints and joints 
requiring maintenance. This paper, based on detailed studies carried out in Bulgaria, shows how ultrasonic pulse 
echo techniques may be the solution. 
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1 Introduction 
More than 80 million people across Eastern Europe and Russia are living in prefabricated 
panel buildings, built in the period from 1960 to 1990. Figure 1 shows such structures taken at 
the time of construction. 

 
Figure 1. Construction of panel buildings in the 1960’s 

Many of these structures are coming to the end of the designed service life and a large scale 
inspection programme is required to determine the extent of repairs necessary for continued 
safe occupation. The weakest elements in the construction of these buildings are the 
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connection joints between panels, which have been weakened due to the effects of corrosion. 
There have been many cases of catastrophic failure as can be seen in figure 2. 

 
Figure 2 – Catastrophic failure of panel 

The discovery of these problematic joints is a major element in the investigation of panel 
buildings. The sheer scale of the inspection programme means that it is absolutely necessary 
to find a rapid technique to distinguish between sound joints and joints requiring maintenance. 
A number of studies using techniques such as traditional ultrasonic pulse velocity and ground 
penetrating radar have been carried out, but until now none have proven sufficiently reliable 
or rapid. One possible solution to the problem is the use of ultrasonic pulse echo technology. 
Tests carried out in Bulgaria in 2015 using a commercial single channel instrument and also a 
prototype multi-channel instrument have shown promising results. 

2 Anatomy of a panel joint and failure mechanism 
The location of the joints can be seen in figure 3 and the details of one joint can be seen in 
figure 4.  

 
Figure 3 – Typical wall panel joint 
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Figure 4 – Details of the joint 

The most common failure mechanism is caused by corrosion of the joints leading to 
delaminations and spalling. As soon as delaminations occur, the bond strength is reduced 
dramatically. 

 
Figure 5 – Corroding joint with spalling 

Fully corroded joints with no concrete cover remaining as can be seen in figure 5 can be 
simply detected by visual inspection. The task facing the assessment teams is to determine 
delaminations caused by rebar corrosion that are not yet discernible by visual inspection. 

3 Pulse Echo Testing  
A complete pulse echo test on one joint consisted of a control scan on the wall panel above 
the joint and then a similar scan across the joint. Figure 6 shows a typical joint marked out for 
scanning.  
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Figure 6 – Joint marked for testing. 

The measurements were carried out with the Pundit PL-200PE single channel ultrasonic pulse 
echo instrument. The scan spacing is 2.5cm corresponding to the positioning aid markings on 
the transducer. A finer spacing, e.g. 1cm, would produce a more detailed image, but this 
spacing is sufficient to determine the presence of delaminations and requires less time. In this 
type of application time savings are critical. Figure 7 shows a scan being carried out. 

 
Figure 7 – Pulse echo scan over joint 

 

Prior to carrying out a scan it is necessary to determine the pulse velocity of the concrete 
under test. In this case the pulse velocity of 1926 m/s was set by using a function in the 
instrument which makes a surface velocity measurement over a known distance. This is 
similar to the method recommended in ASTM C1383[1] for calibration of impact echo 
instruments. None of the major standards bodies have developed a standard for ultrasonic 
pulse echo technology to date. This may be due to the fact that until 2013, there was only one 
commercial instrument available. Analysis of the subsequent B-scan (figure 8) shows that this 
results in a wall thickness of 13.3 cm, whereas it was actually measured at 14cm. It would 
also have been possible to calibrate the pulse velocity by making a B-Scan of the back wall 
and then adjusting the pulse velocity up to approximately 2000 m/s to obtain the correct depth 
of 14cm, but in this case such depth accuracy was not necessary as the task was to identify the 
presence of delaminations at the depth of the rebars. 
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Figure 8 – Reference scan above joint 

Analysis of the subsequent B-scan (figure 8) shows the expected reflection of the back wall at 
a depth of 13.3 cm. The actual wall thickness was measured at 14cm. It would also have been 
possible to calibrate the pulse velocity by adjusting the pulse velocity up to approximately 
2000 m/s to obtain the correct depth of 14cm, but in this case such depth accuracy was not 
necessary as the task was to identify the presence of delaminations at the depth of the rebars. 

 
Figure 9 – Scan across an acceptable joint 

The second scan shown in figure 9 was made across the first joint. Either side of the joint the 
back wall reflection is very clear. Directly over the joint the back wall reflection is not so 
strong, but analysis of the A-Scan shows that there is still a clear reflection. More importantly 
there is no evidence of any reflections from delaminations at the depth of the rebars. This joint 
was classified as acceptable. Compare this with the scan across the second joint in figure 10. 

 
Figure 10 – Scan across an unacceptable joint 
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In this scan the back wall can once again be clearly seen at either side of the joint. However, 
within the joint there is clear evidence of a delamination, indicated by the cursor position at a 
depth of about 5cm. The delamination stretches from approximately 0.25m to 0.45m from the 
beginning of the scan. This joint was classified as unacceptable. 

4 Confirmation 
In order to confirm the validity of the test method, the joint that had been identified as 
unacceptable was repaired. The procedure can be seen in Figure 11. 

 
Figure 11 – Joint repair 

In the first stage the joint is opened and cleaned. Then the rebars are applied with a protective 
coating to prevent further corrosion. In the final stage the joint is grouted. Following the 
repair a control scan was made over the joint. 

 

 
Figure 12 – Control scan after repair of joint 

Comparing this scan with the scan in figure 10, which were both made at the same position 
across the joint, we can see that there is no sign of the delamination and that we can clearly 
see a reflection from the back wall inside the joint. In other words a successful repair can be 
easily confirmed. 

5 Further testing with multi-channel prototype 
In order to carry out a scan across the joint as described above using a single channel pulse 
echo instrument it was necessary to make about 25 individual measurements. Further time 
savings would be possible using a multi-channel instrument which creates a complete B-scan 
in a single measurement. 
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A prototype multi-channel instrument was also employed to determine if similar results could 
be achieved in a minimum of time. This instrument actually shows the B-scan directly on the 
screen in real time, allowing the most rapid evaluation possible. 

 
Figure 13 – Multichannel scan above repaired joint (left) and across repaired joint (right) 

The scan on the left taken above the repaired joint, shows a clear reflection of the back wall at 
around 15cm. The scan on the right taken directly across the joint shows more distortion, 
probably due to reflections from the interface of the grouting and the concrete of the panel. 
However, it is clear that there is no indication of any delamination at the depth of the rebars. 

As explained, the advantage of the multichannel system is the saving in time. However in this 
particular instance, only one of the three joints tested could be evaluated.  

 
Figure 14 – Single Channel Transducer (left), Multi-channel transducer (right) 

The single channel transducer shown above has a width of 13cm between the outermost 
transducers. The multichannel instrument is twice as wide with 12 rows of transducers, as 
opposed to 6 in the single channel version. Both have sprung contacts which allow for surface 
variations up to 7mm. However, on two of the joints, the surface was too irregular to obtain a 
good connection with the multichannel instrument. This is clearly something that would have 
to be addressed. 

6 Conclusion 
Ultrasonic pulse echo technology is particularly suited to detecting delaminations and 
provides a rapid test method for differentiating between acceptable joints and joints requiring 
attention in panel building constructions. Furthermore, the effectiveness of repair work carried 
out can be easily verified.  
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