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ABSTRACT 

In the civil engineering industry before floor toppings are accepted for service the semi
nondestructive pull-off method is usually used for testing and detecting any areas in which 
delamination occurs.  In the authors’ opinion for the precise location of floor topping areas in 
which delamination occurred at the topping/concrete substrate interface it is recommended to 
use the combination of two modern nondestructive acoustic test methods, i.e. the impulse-
response method and the impact-echo method.  In the following article a procedure for the 
nondestructive detection and identification of delaminations in concrete floor toppings with 
a large surface area by means of the combined impulse-response and impact-echo methods
has been proposed. 

-

1. INTRODUCTION

The durability of a concrete floor topping is to a large degree determined by its adhe-

sion to the concrete substrate. Therefore before floor toppings (particularly large and heavily 

loaded ones) are accepted for service they are tested to detect any areas in which delamination 

occurs. The seminondestructive pull-off method is usually used for this purpose. The method 

consists in drilling a grid of  50 mm boreholes in the floor topping and then pulling them off 

from the substrate [1, 2]. If the measured pull-off force is equal to zero, this indicates delami-

nation in the tested place. 

 The effectiveness of the pull-off method in such tests significantly depends on the 

number of boreholes. In order to precisely determine the size of the defective area and its 

boundaries for repair planning purposes, the number of boreholes (test points) should be in-

creased. But this results in higher costs of testing. Moreover, the places where boreholes were 

drilled need to be repaired. The drawbacks are particularly evident when floor toppings with 

a large surface area (in the order of thousands of square meters) are tested. 
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In the authors’ opinion it is worth employing nondestructive methods to test floor top-

pings, particularly the ones covering a large surface area. For the precise location of floor top-

ping areas in which delamination occurred at the topping/concrete substrate interface it is rec-

ommended to use the combination of two modern nondestructive acoustic test methods, i.e. 

the impulse-response method and the impact-echo method [3-5]. 

The impulse-response method involves exciting an elastic wave in the tested element

by striking it with a calibrated rubber-ended hammer [6]. The signal of the elastic wave 

propagating in the element is registered graphically by a geophone and simultaneously ampli-

fied by an amplifier. The registered signals are then processed using a dedicated software in-

stalled on a laptop (fig. 1a). 

The impact-echo method involves exciting an elastic wave in the tested element by 

means of a special excitor in the shape of a ball. The test kit includes measuring heads with 

exciters in the form a set of balls differing in their diameter and a laptop with a dedicated 

software enabling the graphical recording of the image of the elastic wave propagating in the

tested element [7]. 

a)b)

hammer
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amplifiergeophone laptop with a dedicated software 

Fig. 1. Modern acoustic methods: a) impulse-response test kit, b) impact-echo test kit.

On the basis of their experience the authors can say that the nondestructive impulse-

response method and the impact-echo method complement each other and when used jointly

are highly suitable for detecting and identifying delaminations, particularly in floor toppings 

with a large surface area [8]. 

Considering the above, a procedure for the nondestructive detection and identification 

of delaminations in concrete floor toppings with a large surface area by means of the com-

bined impulse-response and impact-echo methods is proposed. 
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2. PROCEDURE FOR NONDESTRUCTIVE IDENTIFICATION OF 

DELAMINATIONS 

The procedure for the nondestructive identification of delaminations in concrete floor 

toppings with a large surface area by means of the combined acoustic impulse-response and 

impact-echo methods is presented graphically and described in figs 2 and 3. 

The nondestructive identification of delaminations is done in two stages. 

In the first stage (shown in fig. 2) the floor topping areas with no adhesion at the top-

ping/substrate interface are approximately identified. This is done using the impulse-response 

method. For this purpose a grid of measuring points spaced at every 1000 mm (keeping 

a minimum distance of 500 mm from the edge) is marked on the floor topping to be tested. 

If the latter’s surface area is considerable, a larger spacing of measuring points should be 

adopted The test can be automated by mounting the equipment on a special scanner. 

Then an elastic wave is excited in each point of the grid by means of the calibrated 

hammer and after each excitation the value of force F excited by the hammer, the diagram of 

elastic wave velocity w and the diagram of mobility N are analyzed. 

If the results are satisfactory, they need to be processed by the dedicated software. 

As a result, the values of the characteristic parameters: average mobility Nav, stiffness Kd,

mobility slope Mp, mobility times mobility slope Nav·Mp and voids index w are obtained 

for each point of the grid. The parameter values are used to draw maps of their distribution 

on the surface. By closely examining the maps one can approximately indentify areas 

in which delamination takes place. 

In the second stage of the test, the defective area (its boundaries) is precisely identified 

(fig. 3). This is done using the impact-echo method. First a grid of measuring points with a 

spacing 100 x 100 mm is marked on the area approximately identified in stage 1. Then in each 

of the points an elastic wave is excited by means of the exciter and the amplitude-time spec-

trum is registered. Subsequently, the spectrum is converted into an amplitude-frequency spec-

trum by means of the dedicated software using a fast Fourier transform algorithm. Finally, the 

amplitude-frequency spectrum obtained for each measuring point is examined to determine 

whether a delamination is present. 
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Fig. 2. Procedure for identifying delaminations in concrete floor topping by acoustic 

methods: impulse-response method and impact-echo method – stage 1.
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Fig. 3. Procedure for nondestructive identification of delamination in concrete floor 

topping by impulse response method and impact echo method – stage 2.

3. CONCLUSION

A procedure for the nondestructive identification of delaminations in concrete floor top-

ping with a large surface by means of combined acoustic methods, i.e. the impulse-response

method and the impact-echo method has been presented. 

The procedure consists of two stages. In stage 1 the floor topping is tested by the impulse-

response method to approximately identify the area where delaminations occur. In stage 2 the 

floor topping is tested by the impact-echo method to precisely identify the boundaries of the

area with delaminations.
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