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Abstract:  

This paper presents a methodology and a prototype developed in our NDT group, for the application of 

nondestructive Impact-Echo technique, which has been implemented and introduced in Venezuela. This 

technique has shown excellent results to evaluate and characterize different types of concrete structures with 

experiences in other countries, well-documented and accessible. It is worth noting that this technique can be 

applied to a wide range of viscoelastic materials and the emphasis in this paper is made in the inspection of 

concrete structures as an alternative methodology to existing destructive methods. The study is based on the 

fact that concrete is one of the most used materials in infrastructure construction and therefore the results 

would be of immediate use. In addition to the possibility of thickness measurement, the technique can detect 

and evaluate a wide range of "defects" in the concrete structures, such as cracks open to the surface, the 

presence of laminations, cavities, etc. Any imaging application of this technique would help to determine the 

internal state in a wide range of basic structures such as floors, beams, slabs, walls, columns, tunnels, etc.  
Key Words: concrete NDT, signal processing, Impact-Echo.  

 

1. Introduction. 

The Impact-Echo method is a technique for nondestructive evaluation of concrete structures 

and was invented, patented and introduced in the United States by the National Bureau of 

Standards (NBS) in the mid-80s, and initially developed in Cornell University, in Ithaca, 

New York, in 1987 [1]. 

The Impact-Echo (IE) method is based on the use of an elastic impact on a structure to 

evaluate its properties from the generated acoustic waves. This mechanical impact of short 

duration, can be produced (among others) by the fall of a small steel sphere on the structure. 

The waves generated within the material, are in a range of frequencies from audible 

frequencies to the initial range of ultrasound (approximately 100 KHz). The response is 

propagated through the structure, being reflected by discontinuities and / or outer surfaces. 
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The aim of this paper is to present the preliminary results of a system (prototype) developed 

in our group, from a joint international collaboration established with Cuba and Mexico. The 

IE method has not been implemented or introduced in Venezuela to date. In addition, it is 

intended to present briefly the general theoretical grounds on which the technique is based, 

which allows it to be used in non-destructive inspection of concrete structures. With this 

work a new technology for use in inspection and reliable diagnosis of concrete structures is 

introduced. Our efforts have been aimed at assimilation and introduction of this technology 

in Venezuela. 

 

2. Theoretical framework. 

2.1 Waves in solids. 

In classical rigid body dynamics it is assumed that if  a force is applied during an 

infinitesimal fraction of time, on an isolated point of a body, the body responds immediately 

all, experiencing a linear and angular acceleration. Additionally, this force produces a field 

of elastic deformation in the body [1]. This phenomenon constitutes the essential foundation 

that is used in the Impact-Echo method. In solid bodies can propagate three main types of 

waves such as longitudinal waves, shear waves and Rayleigh waves. 

The movement of the particles of the medium during the passage of each wave type, 

presents the following behavior: 

In the longitudinal waves, the particle motion is parallel to the direction of propagation, 

which produces compressive stress and tension. In transverse waves, the particle motion is 

perpendicular to the propagation direction, producing a shear stress. In Rayleigh waves 

which travel along the surface of the solid particle movement it is characterized by an 

elliptical motion. The transverse waves propagating within the solid spherical form, while 

Rayleigh waves travel through the solid surface. The spread of the three types of waves in a 

plate, are illustrated in Figure 1. 
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Figure 1. Propagating waves generated by an impact on a plate. 

 

2.2 Longitudinal waves in solid plates. 

The plates are the most common structures to be evaluated by the Impact Echo method. A 

plate is a structure of parallel faces; whose thickness is considerably lower than any of its 

other dimensions. This type of geometry is particularly suitable for applying the method, 

since the sides have little or no influence on the propagation of waves. 

In the case of ideal plates, frequency and wave velocity, they are related to the thickness of 

the structure by the following equation: 

 

f= Cp /(2T)   …………………………………………………………. (1)    

 where: 

 f= Frequency. 

Cp= Longitudinal velocity. 

T= Thickness. 

In real cases, it is introduced a shape factor () and the equation (1) will be:  

 f = (Cp)/ (2T)    ………………………………………………..…… (2)    

Equation 2 is known as the fundamental equation for Impact-Echo response in solid 

structures. This equation was derived from empirical use and in first approximation, it is 

applicable to any concrete structure by introducing the appropriate form factor . This 

equation is the starting point for analyzing and for the identification of defects and thickness 

measurement [1]. 
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2.3 Assessment of concrete structures of rectangular section, by 

longitudinal or progressive waves (P). 

In the case of rectangular structures required two important parameters to characterize the 

geometry. These parameters are defined as: the thickness (D) which is always parallel to the 

direction of impact and the width (B) which is always perpendicular to the direction of 

impact. The ratio between D and B is called aspect ratio and it is used to determine the 

shape factor () to be used [1] in the identification of the excited modes. This ratio and the 

values of the shape factor, for this application, are shown in Table 1. 

For concrete structures generally rectangular section, the impact may occur in either 

direction as long as the relationship between D and B is in a range from 0.6 to 2. This is 

shown in Figure 2. For aspect ratios greater than 2 other considerations must be taken into 

account [1]. 

 

 
Figure 2. Impact –Echo Method applied to rectangular cross section columns. 
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Table 1. Relationships for calculating the fundamental frequency 

and its following modes in a rectangular structure [1] 

 

Ratio (D/B) 

Fundamental 

Mode  

f1= Cp / 2T 

 

Mode 2 

 

Mode 3 

 

Mode 4 

0.60 =0.84 1.07f1 1.43f1**  1.48f1 

0.80 =0.75*  1.45f1 1.96f1 2.01f1 

1.00 =0.87 1.41f1 1.90f1 2.45f1 

1.20 =0.92 1.45f1 1.94f1 2.38f1 

1.67 =0.95 1.66f1 2.11f1 2.32f1 

2.00 =0.96 1.81f1 2.06f1 2.23f1 

Note:  
* In this case, the amplitude of the fundamental mode is smaller than the others. 
** For this case, the third mode is the dominant mode (higher amplitude). 
            

2.4 Impact-Echo Method. 

Impact-Echo method is based on the use of pulses generated by an elastic impact on the 

surface to be evaluated. 

The duration or contact time (tc) the impact between the steel ball and the structure to be 

evaluated is short and varies in a range from 15 to 100 s. The impact of surface area on the 

low frequency waves generated, traveling through the material thickness and are reflected 

by discontinuities or external surfaces. The wavelength of these waves is generally between 

50 mm and 2000 mm, so that (in general) are larger than the common inhomogeneities that 

can be found in concrete structures (air bubbles, cracks, etc.). As a result, these disturbances 

are "weakly" attenuated and spread in concrete "as if" it was an elastic homogeneous 

medium [2].  

A point external disturbance on a column of rectangular section, generates different modes 

of vibration throughout the structure (see Figure 3) and results in a displacement of the 

surface, which are registered by the sensor that is located near the area of impact. 
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Figure 3. Vibration modes for a rectangular bar cross section. 

 

The piezoelectric crystal in the transducer produces a voltage proportional to the 

displacement, and the resultant voltage signal vs. Time (waveform) is digitized and 

transferred to a computer, where subsequently a Fourier Transform is applied. The 

waveform and the transform can be shown on the computer screen using various tools. The 

dominant frequencies which appear as peaks in the spectrum, are associated with multiple 

reflections of the wave within the structure (including laminations, internal defects, etc.) [2]. 

Impact-Echo method is employed to detect and evaluate a wide set of discontinuities in 

concrete structures, such as internal and / or cracks open to the surface, the presence of 

laminations, porosities, etc. Moreover, the technique allows determining Elastic Modulus 

and Dynamic Shear module, by measuring the ultrasonic velocity using two sensors 

simultaneously (SASW (Spectral Analysis of Surface Waves) method). Additionally, 

thickness measurements can be made on plates very efficiently. 

An important element to consider with this method is it can be applied, despite the presence 

FEM:  MODAL ANALYSIS (Resonance 
Frequencies (aspect ratio: 1.59) 

Mode 1: (f = 5.4 KHz) Mode 2: (f = 8.8 KHz) Mode 3: (f = 11.1 KHz) Mode 4: (f = 12.1 KHz) 

Mode 5: (f = 14.4 KHz) 
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of metal armatures inside the structures. Additionally, this technique has many applications 

in the evaluation of diverse concrete structures commonly known (bridges, plates, 

pavements, etc). The increasing use of this technique in works of art (which should not be 

subjected to destructive testing), is one of its most valuable uses. 

In Figure 4, a simplified diagram of the Impact-Echo method is shown. 

 

 
Figure 4. Impact-Echo method. 

 

3. Equipment, materials and methodology used. 

To implement this technique a concrete structure was used with the following dimensions: 

- a concrete rectangular bar of 80 cm long, 16 cm wide and 16 cm thick (See Figure 5). 

- Several spherical impactors made of stainless steel with different diameters were used. 

They were capable of generating acoustic disturbances of different frequencies in the 

structure to be inspected. Each sphere was welded to a rod of the same material. 

The receiver sensors used in this study are called Langevin transducers (a sandwich type and 

a conical transducer) and they were developed in our group, based on previous published 

experiences with ultrasonic transducers for Acoustic Emission techniques (see Figure 5 and 

6) [3,4]. 
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Figure 5. Signals acquisition is obtained by using an impactor on a concrete bar and a receiver 

Langevin "sandwich" sensor developed in our group. 

 

  
Figure 6. Other type of Langevin sensors (conical), developed in our group. 

 

The sensors developed are connected to a digital oscilloscope (Acquitek model), which is 

also connected to a laptop via USB2. In general, this setup can be implemented using 

different approximations, as long as the signal is properly acquired, digitized and stored for 

further processing. By using the FFT (Fast Fourier Transform), the frequency spectrum of 

each signal could be obtained.   

 

3.1 Experimental setup. 

The impacts were applied every 50 mm by scanning the concrete structure in length. The 
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signals have a total of 2500 points, with a 5 millisecond period, and were acquired at a 

sampling frequency of 100 MHz (well above the Nyquist limit). A diagram of the used 

methodology, is shown in Figure 7. In Figure 8 the initial developed experimental setup is 

shown. 

 

 

 

Figure 7. Diagram of the used methodology for the Impact-Echo technique 

 

  
Figure 8. Initial experimental setup for measurements. 

 
 

4. Experimental Results and Discussion. 

After the post-processing of the ultrasonic signals (see Figures 9 and 10), it was observed 

the dominant frequency in almost all impacts corresponded to frequency values very close to 

Impact

Concrete 
bar

Transducer

A/D 
Card

LaptopSignals
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10 KHz, which is consistent with the frequency values expected (fundamental vibration 

mode). Additionally, it is noted that the second mode of vibration occurs at about 14 kHz, 

which coincides with the values given in Table 1 as the second possible mode of vibration. 

 

 

 

 

 

 

 

 

Figure 9. Waveform and Frequency Spectrum (Impact Position 1) 

 

Figure 10. Waveform and Frequency Spectrum (Impact Position 7) 

 

The absolute error using the technique reported by some authors [5-7], it is 4% on average. 

Very encouraging preliminary results were obtained in our measurements of thickness 

(thickness = 16.86 cm, with a standard (deviation) σ = 0.71). 

The methodology implemented allows also to obtain a bi-dimensional visualization of the 

internal structure re-arranging a B-scan image. An image of a concrete bar cross section is 

presented with a hole in its center in Figure 11. Further studies on the subject, would allow 

developing better image processing possibilities for this type of signals. Moreover, the 

technique also allows determining Elastic Modulus and Dynamic Shear Modulus by 

measuring the ultrasonic velocity. These two quantities are crucial in the characterization of 

these type of materials. 
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Figure 11.  B-scan showing the internal condition of a concrete bar with an inner hole. 

 

5. Conclusions. 

From everything presented previously, we can conclude that Impact-Echo method (as a 

prototype) with its associated instrumentation has been developed and assimilated, for non-

destructive inspection of concrete elements in our organization. 

 

6.  Recommendations. 

It is recommended to apply, extend and develop this methodology in future studies, to 

justify the development of specific projects in this area. In addition, it is recommended to 

explore the use of signal processing techniques and/or images taking into account the 

advantages of wavelets for this application. It is also worthwhile the study of the axial and 

lateral resolutions of images obtained with this technique, for different types of structures. 
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