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Abstract 

Assessment of a concrete structure is typically a combination of visual inspection combined with 
destructive and non-destructive testing. Particularly in the case of non-destructive testing, the type and 
quality of information that can be obtained is constantly increasing due to worldwide research and 
development programs. One aspect that often remains unaddressed is studying how inspection work is 
carried out on real structures and the problems that arise on a daily basis. 

In the case of ultrasonic pulse echo technology, its effectiveness in detecting and characterizing internal 
defects and objects that are missed by other NDT methods has been repeatedly demonstrated. This 
includes the location of delaminations, voids and tendon ducts beyond the first rebar layer in concrete 
structures and precast elements. Despite this, the technique is not yet widely utilized or standardized 
and very few guidelines exist for its usage. Largely, this has been due to practical difficulties with data 
collection on site and the subsequent interpretation of the data. Extensive research has been carried out 
by the authors on how the technique is being used on-site and in research institutions. Based on these 
real-world examples, we are proposing how to expedite and improve data collection and provide aids 
for the data interpretation. Finally a complete example of a successful implementation of the identified 
principles is documented. 

Keywords: Ultrasonic pulse echo testing 

1  Large Scale Scanning 

The first application is a repeated quality test on a large-scale project which highlights one of the major 

issues with pulse echo testing. A section of the test site can be seen in Figure 1 and the first thing that 

is noticeable is the sheer size of the project. 

M
or

e 
in

fo
 a

bo
ut

 th
is

 a
rt

ic
le

: 
ht

tp
://

w
w

w
.n

dt
.n

et
/?

id
=

22
26

1



15th Asia Pacific Conference for Non-Destructive Testing (APCNDT2017), Singapore. 

 [ID271/3960]  2 

 

Figure 1: Large-scale test site from which the extent of testing that arises from scanning column and beam 

structures can be appreciated. 

The column and beam elements contain couplers and the objective was to detect grouting failures that 

would weaken the bond and thereby weaken the structure. Pulse echo technology is well suited to this 

application as it obtains very strong echoes from any air gaps inside the concrete. 

               

Figure 2: Scan location to identify grouting failure of a coupler in a column and horizontal scanning in progress. 

The issue here is the overall effort needed to perform all the necessary measurements. The scanning 

was carried out with the Proceq Pundit 200PE instrument and a typical scan composed of around 30 

individual measurements. One section of the mall consisted of 84 columns and 40 beams with 4 scans 

on each column and 3 scans on each beam. This is a total of just under 460 scans or 13800 individual 

measurements. As can be seen from figure 2, one vertical scan is about 30 cm long. Such a scan would 

require just two measurments with an multi channel array instrument as shown in figure 3. Horizontal 

scanning can also be seen in figure 2. It involves meticulous placement of the probe using a tape for 

alignment. 
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The key learnings from this typical example is, that there is a clear need to improve scanning speed and 

reduce effort involved in data collection on site, particularly for large projects. 

2  Cover Depth Research 

Previous measurements carried out by Proceq at Hochschule Rapperswil in Switzerland [1] appeared 

to show discrepancies in measured cover depth above reinforcing steel despite accurate calibration of 

the pulse velocity though the entire concrete element. In order to better understand this phenomenon 

and also to give more information on the limits and capabilities of the pulse echo method, a research 

project is being carried out at Hochschule für Technik und Wirtschaft in Berlin. This work is part of a 

Master study by S. Vonk under the supervision of A. Taffe [2].  The measurements were made using 

an ultrasonic pulse echo array instrument as seen in figure 3. 

 

Figure 3: Proceq Pundit 250 Array with multichannel technology and realtime data visualization to significantly 

increase efficiency on site. 

Figure 4 shows the test block used for the initial study. It has the dimensions 30 x 20 x 150 cm and 

contains 16 mm diameter reinforcing bars at increasing cover depths in 5 zones. In each zone, there is 

a single rebar and a pair of rebars spaced 50 mm apart. The actual covers from left to right are: zone 1 

= ca. 1.2 cm, zone 2 = ca. 3 cm, zone 3 = ca. 5 cm, zone 4 = ca. 7 cm, zone 5 = ca. 9 cm. 

 

Figure 4: HTW Berlin Test block #2 containing rebars with different cover depths. 
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The Pundit 250 Array transducer seen on the left in figure 3 is an 8 channel device which produces 

images in real time by means of a novel image stabilizer feature. It also has the capability to stitch 

images together into a panorama B-scan. It is 21 cm wide and the scans were made using an 18 cm 

overlap to minimize effects introduced by the stitching algorithm. Data analysis was carried out with 

the proprietary Proceq software PL-Link. In addition to this the raw data was exported and converted 

into a file format that could be analyzed by the InterSAFT software developed at Kassel University by 

K. Mayer [3,4]. This would determine if the discrepancies were due to the SAFT (Synthetic Aperture 

Focussing Technique) algorithm used to generate the images.  

2.1 Initial Results 

Figure 5 shows the panorama B-scan generated by the Pundit 250 Array instrument. This is a wide scale 

B-scan created by image stitching. 

 

Figure 5: Panorama B-scan of test block #2 analyzed with the Proceq PL-Link software. Clearly visible are 

location and depth of the different rebars and strong reflection of the back wall. 

Analysis of this image shows that the pulse velocity has been correctly calibrated to the back wall 

thickness of 20 cm. The indicated depth of the rebars in each of the zones is zone 1 = ca. 4 cm, zone 2 

= ca. 4.4 cm, zone 3 = ca. 6.8 cm, zone 4 = ca. 8.7 cm, zone 5 = ca. 9.5 cm.  

2.2 Analysis with InterSAFT 

Figure 6 shows the same raw data after importing into InterSAFT.  
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Figure 6: Validation of the Pundit 250 Array data processing with InterSAFT disclosed identical results.  

It can be concluded that the Pundit 250 Array has recognized all of the rebars with the exception of 

the first rebar in zone 1 and the last rebar in zone 5. This is due to edge effects, but interestingly, both 

could be seen in the PL-Link software. Shadowing on the back wall can be seen where there are 

double rebars and also multiple back wall echos. Similar discrepancies in the depth information were 

observed proving that the effect was not introduced by the Proceq SAFT algorithm. 

2.3 Pulse Velocity Effects 

The same data was analysed at Proceq using an improved stitching algorithm and varying pulse 

velocities c. The results can be seen in Figure 8 and Table 1. 

 

Figure 8: By varying the pulse velocity c applied to the raw data, the resolution at shallow depth can be 

improved – see top left with rebars at 1.2 cm and c = 2200 m/s.  
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c (m/s) RB1 
(1.2 cm) 

RB2 
(3 cm) 

RB3 
(5 cm) 

RB4 
(7 cm) 

RB5 
(9 cm) 

Backwall 
(20 cm) 

2200 2.7 3.9 5.9 8 8 16 

2400 2.5 4.1 6.4 47.8 8.8 17.5 

2600 Na. 4.9 7.1 8 9.9 19 

2700 Na. 4.8 7 7.5 10 20 

Table 1: Depth estimations with varying pulse velocity c. For accurate measurements a correct pulse velocity is 

elementary.  

The visibility of the rebars close to the surface is greatly increased at lower velocities. Theories are 

now being tested as to what is causing this effect, in particular, whether the pulse velocity near the 

surface is lower than the pulse velocity when measured through the entire object. 

2.4  Tendon Duct Analysis 

The final application example shows the results of site testing at Brent Cross flyover in North London. 

The test objective was to determine whether or not grouting duct failures could be analyized using pulse 

echo technology. The tendon ducts had been located using GPR and from openings that had been made. 

It was possible to carry out comparison measurements on ducts with known grouting failures and 

healthy ducts. The data was collected with the Proceq Pundit 250 Array instrument. 

 

 Figure 9: Tendon duct with void (left) and healthy (right). 

Duct Duct 
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A typical B-scan can be seen in figure 9. A very strong echo is obtained from the duct with the grouting 

defect. This is to be expected as the strongest echoes are produced by air filled voids. On the healthy 

duct, the echo is much weaker. There is also a secondary echo, which could be from the boundary 

between the bottom of the duct and the concrete. This is one isolated B-scan. In order to get the complete 

picture, it is necessary to look at a 3D image. Currently there is no instrument available that can generate 

C-scans on site, so the analysis could only be done back at the office by exporting the raw data and 

generating the images using external software. The resulting C-scans can be seen in figure 10: 

 

Figure 10: C-Scan was generated with Proceq’s 3D ultrasound analysis tool. 

The C-scan is much better suited to showing the extent of the grouting defect. The issue here is that in 

order to carry out a complete analysis without delay, it is necessary for an instrument to be able to 

generate the 3D images directly on site. 

3  Conclusions 

Ultrasonic pulse echo testing has been proven to be complementary to other NDT techniques. The 

leading products help to identify defects that are not detectable e.g. with radar or eddy current tests. In 

particular, deep scanning of walls [5] and linings, finding of deep and second or third layer rebars and 

tendon duct analysis deliver unrivalled results compared to other techniques. However, the case studies 

presented in this paper also highlight some of the issues that need to be looked at in order to increase 

the value of on site pulse echo testing. Scanning speed has been one key issue that has been partially 

addressed through the introduction of real time B-scan imaging incl. an immediate onboard feature to 

create panoramic scan images out of individual scans. It has also been recognized that 3D imaging and 

variable slicing of the scan data help a great deal in visualizing the structural features.  
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4  Outlook 

Through on-site testing in various parts of the world combined with systematic research projects, the 

issues experienced by users on a daily basis can be better understood, categorized and successively 

solved. A few recent advancements have been laid out in this paper, however, the authors realize that 

further steps are needed to fully explore the power of this NDT technology. One further step in this is 

use artificial intelligence positioning systems and improved image stitching to expedite and ease on-

site usage of the system. Also an onboard data interpretation system is underway and ready for release 

to the markets, which can be particular helpful when the initial test reports are already created on-site. 

Finally, an on-site 3D analysis will be introduced into the next generation of instruments as well to 

bring ultrasonic pulse echo testing of concrete structures to the next level. 
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