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Abstract. The supply of air to mine shafts performs a vital function in the mining 
industry. Air is supplied through ventilating ducts with fans installed inside them. 
The walls of the ducts are made of concrete on which a concrete screed is laid. 
When there is no bond between the two layers, loose pieces of screed are torn off the 
base concrete by the strong air stream mechanically induced by the operation of the 
fans, posing a danger to the workers and the equipment. For these reasons the 
ventilating ducts should be periodically checked. In the authors’ opinion, the 
nondestructive methods of ultrasonic tomography and impact-echo can be useful for 
this purpose, which is demonstrated in this paper. 

1.Introduction 
 
In the mining industry fresh air is supplied to mine shafts through ventilating ducts with 
fans installed inside them [1-2]. The bottom walls of the ducts are protected with concrete 
screed. Proper pull-off adhesion between the layer of screed and the bottom wall is 
essential for the durability and operational safety of the ducts [3]. Therefore it is necessary 
to periodically check this adhesion since it tends to be locally lost over time. When this 
happens, loose pieces of screed are torn off the base concrete under the action the strong 
flow of air induced by the working fans. Falling down the shaft the torn off pieces of 
concrete screed may pose a danger to the people working there and disturb the operation of 
the fans. For this reason the ventilating ducts should be periodically inspected. As part of 
such inspections, the concrete screed should be not only tested organoleptically, but also 
random tests of its pull-off adhesion to the concrete bottom wall should be carried out. In 
the authors’ opinion, modern nondestructive acoustic methods of ultrasonic tomography 
and impact echo, suitable for testing elements accessible from one side only, are useful for 
this kind of tests. The considered concrete screeds belong to unilaterally accessible 
elements. 

This paper presents exemplary results of tests carried out by the authors in the 
ventilating duct of the shaft in a mine located in the south of Poland, demonstrating the 
usefulness of the above methods for the purpose. 
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2. Description of methods used 
 

Table 1 presents briefly the nondestructive acoustic methods of ultrasonic tomography and 
impact-echo as applied to test the adhesion of screed to the bottom wall of the ventilating 
duct. 

 
Table 1. Nondestructive ultrasonic tomography and impact-echo techniques used in tests [4-12]. 

 

Technique name and description 
Schematic of test setup  
and view of equipment 

Registered parameters  
and exemplary test results 

1 2 3 
The ultrasonic tomography technique 
consists in exciting an elastic wave in 
the tested member. The exciter is a 
multihead antenna (incorporating tens of 
integrated ultrasonic heads) which is 
also used to receive and process 
ultrasonic signals.  The heads generate 
ultrasonic pulses with a frequency of 50 
kHz. The maximum test range amounts 
to 2500 mm of the tested member 
thickness.  
The tomograph has been designed to 
determine the thickness of unilaterally 
accessible concrete member and to 
detect cracks, inclusions, air voids and 
other places which may be empty or 
filled with a liquid or a material differing 
in its density and other physical 
mechanical properties from the 
surrounding concrete. 
 

 
 

Using this method one obtains 
three mutually perpendicular 
scan B, C and D in each of the 
500 mm wide test band and an 
ultrasonic dispersion level 
colour scale assigned to the 
images, as shown in the figure 
below. An exemplary scanŚ 

 

 
The impact-echo technique  
consists in exciting an elastic wave 
having a frequency of 1-60 kHz in the 
tested element, by striking its surface 
with an exciter in the form of a steel 
ball. The equipment includes a set of 
steel balls with different  
diameters. Specialist software enables 
the recording of the elastic wave 
propagating in the tested  
element, as an amplitude-time graph and 
the transformation of the latter into an 
amplitude-frequency  
spectrum by means of the Fourier 
transform. The impact-echo  
technique is suitable for testing  
concrete members and assessingŚ 
thickness at unilateral access, cable 
conduit injection effectiveness,  
surface crack depth, adhesion  
between concrete layers,  
delamination, cracks, inclusions and air 
voids. 

 
 

 
 
 

measuring 
head 

computer with  
software   

 
 

The values of the following  
parameters are registeredŚ  
- transmitting pulse  
amplitude A,  
- frequency fD of an ultrasonic 
wave reflection from a defect,  
- frequency fT. of ultrasonic 
 reflection from the bottom. 
 
An exemplary amplitude-
frequency graph for an  
ultrasonic wave reflection  
from the bottomŚ 
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3. Brief description of tests 
 

Tests were carried out in five places of a unilaterally accessible screed (design thickness 
about 30 mm) poured on the concrete bottom wall of a ventilating duct, selected on the 
basis of organoleptic evaluations. The 9 m wide duct is a component of a 970 m deep mine 
shaft. The shaft was built in the 1970s and the ventilating duct was put into service about 
35 years ago. 

Figure 1 shows the above-ground part of the shaft and a view of the fragment of the 
shaft with a slanting ventilating channel situated inside it. 

 

    
 

Figure 1. Fragment of mine shaft (a) and view of slanting ventilating duct (b). 
 
Figure 2 shows the locations and denotations of the test places on the investigated 

wall (fig. 2a) and the numbering of the measuring bands in test place no. 2 (fig. 2b). 
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Figure 2. Locations and denotations of test places on investigated bottom concrete wall of slanting ventilating 
ductŚ a) top view, b) adopted numbering of measuring bands in test place no. 2.  

 
Similarly as in figure 2b, eight measuring bands, each 500 mm wide, were marked 

for ultrasonic tomography tests. Then in the places where screed loosening had been 
detected using the ultrasonic tomography method a grid of measuring points spaced at 
every 100 × 100 mm was marked and nondestructive impact-echo tests were carried out. 
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4. Test results and their analysis 
 
In accordance with the methodology described in [9], ultrasonic tomography tests followed 
by impact-echo tests were carried out and the test results were verified by breakouts, as 
shown in figure 3. 

 

 
 

Figure 3. Steps in investigations. 
 
In step I, ultrasonic wave velocity was measured in each of the test places and 

measuring bands and the received ultrasonic signals were preliminarily analyzed. After the 
signals had been processed the results were recorded and subjected to a detailed analysis. 

Flat images of the investigated wall’s cross section in three mutually perpendicular 
directions (images C, B and D in tab. 1) were obtained using the ultrasonic tomography 
technique. Probable defective places in the contact between the bottom wall and the 
concrete screed poured on it were identified through a detailed analysis of the images. 

Figure 4 shows exemplary images C and B, representative of the wall surface with 
no screed delamination, obtained in measuring band no. 1 in test place no. 2. A scale of 
ultrasonic dispersion level consistency is shown on the right side of figure 4. 

Figure 5 shows images C and B obtained in measuring band no. 4 in test place no. 
2. After the test results obtained in this band and in the neighbouring band had been 
analyzed, a probable delamination of the screed from the bottom concrete wall was located, 
which is illustrated in figure 6. The images are characteristic of the wall surface with the 
probable delamination. 

Nondestructive impact-echo tests were carried out in order to confirm the presence 
of the defect and to determine the boundaries of the defective areas approximately located 
using the ultrasonic tomography method in accordance with the methodology presented in 
[9]. The boundaries of the defective areas need to be determined for repair work purposes. 
Therefore a grid of measuring points, in the form of 11 columns and 12 rows, spaced at 
every 100 × 100 mm as shown in figure 6, was marked in each of the places deemed 
defective. An elastic wave would be excited in the measuring points by means of an exciter 
mounted on the head of the impact-echo apparatus. Using the dedicated software and the 
fast Fourier transform the signals were processed to an amplitude-frequency spectrum of 
the registered elastic wave. 

 
  

 
image C  

               image B 
Figure 4. Test results obtained in measuring band no. 1 in test place no. 2 by means of ultrasonic 

tomographyŚ a) image C and b) image B. 

a) b) 
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image C  

               image B 
Figure 5. Test results obtained in measuring band no. 4 in test place no. 2Ś a) image C and b) image B. 

 

 

 

 
Figure 6. Defective area in measuring bands no. 3 and 4 in test place no. 2, approximately located by 

means of ultrasonic tomography.  
 
Figures 7 and 8 show two different amplitude-frequency spectra which were most 

often obtained in the tests. Figure 7 shows a spectrum which includes only dominant 
frequency fT1 equal to 6.55 kHz. Such a spectrum indicates the absence of a defect in the 
form of a delamination at the concrete screed/bottom wall interface in the measuring points 
where it was obtained. The spectrum shown in figure 8 is obtained when the generated 
ultrasonic wave bounces off the bottom and a defect. Consequently, two values of the 
characteristic frequency are analyzed. One dominant frequency fT1, corresponding to the 
element’ thickness, amounts to 655 kHz, while the other value fT2, corresponding to the 
frequency in the place where a delamination defect occurs, amounts to 71.12 kHz. In this 
case, it was calculated that the delamination of the concrete screed from the bottom 
concrete wall occurred at a depth of 24-27 mm, which corresponded to the thickness of the 
screed. 

 

a) b) 
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Figure 7. Amplitude-frequency spectrum of elastic wave, obtained in test place 2 where no delamination defect 
at screed/bottom wall interface occurs.  
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Figure 8. Amplitude-frequency spectrum of elastic wave, obtained in test place 2 where delamination defect 

occurs at screed/bottom wall. 

 
Finally, figure 9 shows a fragment of the tested bottom concrete wall in measuring 

place 2 with the precisely determined boundary of one of the defective areas. In accordance 
with the investigation steps shown in figure 3, a breakout, consisting in removing the whole 
relatively small fragment of the screed (fig. 9b), was made to confirm the results obtained 
using the nondestructive methods.  

 

 

 

   
 

Figure 9. Defective area boundary determined using impact-echo technique (a) and its verification by 
removing delaminated fragment of concrete screed (b). 
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5. Conclusion 
 
The adhesion of the concrete screed to the bottom concrete wall of the ventilating duct in 
the shaft of one of the mines located in Lower Silesia  was evaluated. The tests were carried 
out using the nondestructive methods of ultrasonic tomography and impact-echo. Defective 
places where the screed had delaminated from the bottom concrete wall were located. In 
this way the usefulness of the nondestructive methods for monitoring the adhesion of 
concrete screed to the concrete wall of the ventilating duct of a mine shaft has been 
demonstrated. The ultrasonic tomography method was used to approximately locate 
probable defective places at the screed/wall interface. The impact-method was used to 
confirm the presence of the delamination defect and to precisely determine the boundaries 
of the defective areas. The results were verified through a breakout made in one of the 
located defective areas. 
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