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1. INTRODUCTION

In in situ measurements of concrete floors the most universal and popular is pull-off

method, which belongs to semi non-destructive methods [1]. This method control the 

adhesion between layer or layers to the concrete base by measurements of the appropriate 

force. The pull-off method is useful especially when the value of the adhesion is needed. If on 

the other side the purpose is just the quality control in case of defining e.g. delaminations

between the layers then usability of that method is definitely smaller. The main disadvantage 

of this method is that on every measurement point it leaves the defects, which should be

repaired after measurements. In localization of voids, like delaminations, the reliability of this 

method mainly depends on the amount of measurements points, which concentration strictly 

interfere in quality of the surface of investigated floor.

In the following paper the use of non-destructive Impulse Response s’Mash method in 

combination with non-destructive Impact-Echo method to evaluate the quality of concrete 

floor in a garage of trade object has been presented.

Impulse Response s’Mash method belongs to the stress wave methods. It is fully non-

destructive and can be applied in diagnostics of concrete floors especially in preliminary

localization of voids like delaminations between the layers, air emptiness etc. [2-4]. The 

purpose of this method is to generate the stress wave in investigated element by hitting using 

calibrated hammer with rubber end-piece. The graphically registration of the stress wave 

signal generated in measured element is given using the geophone [5, 6] and the data 

processing is given by special software installed on portable computer. The Impulse Response 

s’Mash equipment has been shown on figure 2a. In case of precise localizing of voids, 

especially the areas of expanse of delaminations in areas preliminary localized using the 

Impulse Response s’Mash method, the Impact-Echo method is applied [7].

This method is applying the relation between the frequency fT, the velocity of a stress

wave in a concrete Cp and the depth of a void T which described the following equation: 
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a) b)

portable computer 

with software heads

hammer
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Fig. 1. View of the: a) Impulse Response s’Mash equipment, b) Impact-Echo equipment

The view of Impact-Echo equipment has been presented on figure 1b. The standard set 

includes measurement heads with raisers and portable computer with special software, which 

is able to register the graphic stress wave aroused in investigated element as the amplitude-

time and amplitude-frequency spectrum. On the other side, when in evaluated element the 

void does not exist, it is possible to specify the element thickness as it has been presented on 

the figure 2a. Otherwise, when there is a void like delaminations, then the amplitude-

frequency spectrum is looking like it has been shown on the figure 2b. In case of a large void 

the amplitude-frequency spectrum looks like on the figure 2c.

a) b) c)

Fig. 2. The amplitude-frequency spectrum given by the investigations of the concrete element

using Impact-Echo method in case of: a) no void, b) void, c) large void 
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2. THE MEASUREMENTS OF CONCRETE FLOOR USING IMPULSE RESPONSE 

S’MASH METHOD 

In garage of a trade gallery after one year operation the cracks of the concrete floor 55 mm 

thin on the concrete base 850 mm thin have been noted. In the area of cracks the breakage of 

the parts of a concrete floor, which could be connected with no adhesion or delaminations 

between the layers, have been noted. It has been decided to do measurements to determine the

expanse of this breakage [8]. In investigated area 11 concrete slabs size 2200 x 4000 to 4000 

x 4000 mm have been selected. The view of measured area has been shown on figure 3. 

a)

b)

Fig. 3. The measured area generated by Impulse Response s’Mash method: a) general 

view, b) location of a grid points on the concrete slab no. 2 
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On every concrete slab a grid with the side between 800 to 1000 mm has been created.

The total amount of the points have been abut 100, between 6 to 9 points on every slab. On 

every of this points the non-destructive measurements have been performed. After that using 

the export of a data the charts of characteristically parameters have been generated: mobility,

stiffness, mobility slope and mobility times mobility slope. This maps have been the base to

analyze the results of measurements performed on the object and to preliminary localize the 

areas with potential voids on the concrete floor. In analysis of the results the most remarkable 

have been the concrete slab no. 2 with another parameters of the mobility and stiffness. The

results of the measurements have been shown on the figure 4. In areas without delaminations

the value of the mobility have been between 0 and 10 and the stiffness ranges between 0,4 and

0,6. It has been the area between the points no. 1, 2, 5, 8, 7 and 4 and it has been shown on the 

figures 4a and 4b. On the other side in regions with potential areas of delaminations the value

of mobility fluctuates between 20 and 30 and the stiffness ranged between 0 and 0,2 and it has

been the region between points no. 2, 3, 6, 9, 8 and 5 and it has been presented on the figures 

4a and 4b. Probable location of delaminations has been presented on the figure 4. The 

unambiguous slope of the value of the mobility and stiffness showed on the figure 4 is giving

the base of conclusion about the void and probable air emptiness to be found between the 

contact of the layers. 
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Fig. 4. Maps of characteristically parameters for the slab no. 2 with probable delaminations:

a) mobility, b) stiffness

The preliminary suppositions have been confirmed by controlling core in the down side of the 

concrete slab no. 2 (Fig. 5). The air emptiness has been found in the contact between two 

layers.
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a)

b)

Fig. 5. The view of: a) the drilling machine, b) the core confirmed the delaminations between 

the concrete floor and concrete base taken from core B 
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3. THE MEASUREMENTS OF CONCRETE FLOOR USING IMPACT-ECHO 

METHOD

Based on preliminary investigations given by Impulse Response s’Mash method the area 

with probable delaminations has been localized. In that region the grid with measurement

points, which has been presented on the figure 6, has been marked. After that on every point a 

stress wave using Impact-Echo heads has been generated (fig. 2). It has given the opportunity 

to evaluate the area and depth of the delamination [9]. 

Then by professional software using fast Fourier transform the amplitude-frequency

spectrum has been generated. The values of a velocity of a stress wave, frequency of the

element thickness and frequency of a void for characteristic situations have been collected in 

table 1. 

a)

b)

Fig. 6. The detailed view of the concrete floor no. 2 measured by Impact-Echo method:

a) a part of a grid of measurement points, b) location of air emptiness 
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Table 1. Specification of the velocity values of a stress wave in concrete floor, frequency of

the element thickness and frequency of a void for characteristic situations

Velocity

of a stress 

wave in a 

floor

Velocity

of a stress 

wave in a 

concrete

base

Average

velocity

Frequency of 

the element 

thickness

Frequency

of a void 

Element

thickness

Depth

of a 

void

Cp1 Cp2 Cp fT1 fT2 T1 T2

Characteristic

situation

[m/s] [ m/s ] [ m/s ] [kHz] [kHz] [mm] [mm]

No void 3200 4000 3947 2,11 - 900 -

Void 3200 4000 3947 2,11 34,44 900 55

The element thickness using Impact-Echo method and amplitude-frequency spectrum,

which has been presented on the figure 7, has been measured. It has been investigated that the

element thickness is 900 mm, what has confirmed the data from the construction design. 

During the measurements the acoustic signal, which has been presented as a amplitude-

frequency spectrum on the figure 8, has been generated. This kind of signal is usually given in 

situation when generated stress wave is reflecting from the bottom and from a void. This two 

characteristic frequencies have been analyzed. The investigation clearly shows that void in 

measured concrete floor is 55 mm deep, which is exactly between the concrete floor layer and 

concrete base, what is confirming the delamination there. 
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Fig. 7. The amplitude-frequency spectrum in case of measurement of element thickness 
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Fig. 8. The amplitude-frequency spectrum in case of measurement of delamination
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4. CONCLUSION 

 The performed measurements of the concrete floor quality in the garage of a trade gallery 

using Impulse Response s’Mash and Impact-Echo method clearly shows that these methods 

can be successfully applied as a non-destructive evaluation of concrete floors to localize 

regions of delamination between the layers. The results obviously confirmed the delamination 

between the floor layer and the concrete base. The detailed investigations given by Impact-

Echo method verified the expanse of the delamination. 
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