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Abstract 
The paper presents the results of nondestructive tests of a concrete floor and the subfloor 
layer in a shopping centre. The tests were carried out using the ultrasonic tomography 
method. An analysis of the results showed that the floor thickness in the tested places was in 
agreement with the de-sign thickness. This was confirmed by random test boreholes. It was 
also found that below the concrete floor there was a layer of ground (sand) characterized by 
nonuniform density. Moreover, the tests demonstrated the suitability of the ultrasonic tomo-
graphy method for determining the thickness of concrete elements in the case of which no 
conventional destructive method can be applied. 
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1. Introduction 
Today nondestructive methods are increasingly commonly used to diagnose building 
structures of different types [1-3]. In some cases they are irreplaceable owing to their 
noninvasiveness. Most often acoustic nondestructive methods are used. One of such 
methods is ultrasonic tomography [4, 5]. It was used in this research to investigate 
a subfloor layer in a shopping centre. 

The shopping centre was built in 1996 as one of the first of its kind in Poland. Cur-
rently the shopping centre’s renting space amounts to about 120 000 square metres 
housing over one hundred shops. 

Recently, because of the cracks appearing in the floor, it became necessary to check 
the thickness of the concrete floor and that of its base. Since the shopping centre 
was in operation all the time it was not possible to drill a large number of boreholes. 
Therefore a decision was made to carry out nondestructive tests by means of an ul-
trasonic tomograph. 

2. Description of tests 
As mentioned above, nondestructive instrumentation in the form of an ultrasonic to-
mograph (shown in action in fig. 1) was used to test the concrete floor. The tomogra-
phy set includes a multihead ultrasonic antenna and a laptop with dedicated software 
enabling the recording of graphic images. The antenna, having 40 dry-contact heads, 
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is used to generate, receive and process ultrasonic signals. The tomograph has been 
adapted for examining concrete elements to determine their thickness (in the case of 
one-side access) and detect cracks, inclusions, air voids and other spaces which 
may be empty or filled with a liquid or a material differing in its density and physical 
and mechanical properties  from the surrounding concrete. 

The ultrasonic tomography investigations were carried out in three measuring sites. 
In each of the sites a 500 mm wide and respectively about 2500, 3800 and 4800 mm 
long band was examined. During the examination the ultrasonic tomograph’s an-
tenna was being moved in one direction by every 100 mm in a given band. In total 
there were 111 measuring points. 

The images of the cross sections in each position were collected in a three-
dimensional matrix table. Images B, C and D of the three intersecting cross sections 
were obtained on the basis of the matrix table. Figure 2 shows the names of the 
cross sections (images) of the examined object and the coordinate system tied to 
the tomograph’s antenna. Image B is situated on the right side while images C and D 
are respectively at the top and the bottom. 

Fig. 1. Ultrasonic tomography set in use 

Fig. 2. Names of examined object’s cross sections and coordinate system  
tied to tomograph antenna

image D 

image B 

image C 

names of cross sections: 
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3. Test results and their analysis 
Exemplary results (images B, C and D) of the nondestructive tests carried out by 
means of the ultrasonic tomograph are shown in figs 3-5. For instance, figure 3 
shows images B, C and D obtained in the first measuring site. Figure 3b shows an 
image of the cross section of the tested concrete floor, with the solid line and the ar-
rows marking the thickness of the floor. In the bottom left corner  in figure 3 there is 
a scale of correspondence between the ultrasonic dispersion level in a given point 
of the tested concrete floor and the colour representing the level. The level of ultra-
sonic dispersion is indicative of changes whose physical characteristics differ from 
those of the concrete in this area. It may indicate the existence of a material (e.g. air 
voids, zones of concrete characterized a different degree of compaction, large inclu-
sions, etc.) whose density is different than that of the concrete. 

Fig. 3. Measuring band in site no. 1: a) image C, b) image D, c) image B 

Fig. 4. Measuring band in site 2: a) image C, b) image D, c) image B 

a)

b)

c)

a) c)

b)
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Fig. 5. Measuring band no. 3: a) image C, b) image D, c) image B 

The nondestructive tests carried out by means of the ultrasonic tomograph and an 
analysis of their results showed that the thickness of the concrete floor in all the 
tested areas in the shopping centre agreed with the design thickness of about 
160 mm. In order to verify the results random destructive tests, consisting in drilling 
boreholes i several selected places, were carried out. The destructive tests also 
showed that there was ground (sand) below the concrete floor and that the layer of 
ground (from the surface of the topping down to a depth of about 1000 mm) was 
characterized by nonuniform density. In places the ground was loose and voids filled 
with air or water occurred in it. This is especially revealed by images of type D. One 
can surmise that this situation arose because of the high groundwater level in the 
area in which the shopping centre is located. Probable the groundwater table was not 
lowered enough when the shopping centre was being built. It should also be noted 
that not far from the shopping centre there are flood channels of the largest river in 
Poland, which may have contributed to the “washing out” of the ground from under 
the concrete floor. 

4. Conclusion 
Thanks to the use of the ultrasonic tomography method the subfloor layer was exam-
ined and the thickness of the concrete floor in the shopping centre was determined. 
The thickness of the floor in all the tested places was found to amount to about 
160 mm. This was confirmed by random test boreholes. It was also found that below 
the floor there was ground in the form of sand. The layer of ground, from the surface 
of the topping down to a depth of about 1000 mm, is characterized by nonuniform 
density. The ground is loose in places and voids filled with air or water occur in it. 
It should be added that the tests demonstrated the suitability of the ultrasonic tomo-
graphy method for determining the thickness of concrete floors in the case of which 
conventional destructive methods cannot be applied. 

a) c)

b)
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