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Abstract 
The Merkblatt (guideline) B11 describes the present state of technology of the impact-

echo method as it is currently acknowledged in Germany. It contains an explanation of the 
scientific-technical bases, a description of the method and instrumentation, and an overview 
of application possibilities, which are illustrated by sample applications. Further sections treat 
test reports and personnel qualification. A bibliography is also included. 

The guideline gives necessary information and decision bases for applications in the field 
and in the laboratory. It is meant to offer a common basis to clients and contractors for the 
communication over the possibilities, employment requirements, and limits of the method. 

Work on the guideline is currently being finalized. It will be issued by the Deutsche 
Gesellschaft für Zerstörungsfreie Prüfung (DGZfP), Berlin. This contribution gives an 
overview of its contents including selected special topics and application examples. 
 
Résumé 

Le Merkblatt (directive) B11 décrit l'état actuel de la technologie de la méthode impact-
écho comme elle est actuellement reconnue en Allemagne. La directive contient une 
explication des bases technico-scientifiques, une description des méthodes et de 
l'instrumentation et un aperçu des possibilités d'application, qui sont illustrées par des 
applications-types. Des sections supplémentaires traitent de la qualification du personnel et 
des rapports d'essai. Une bibliographie est aussi incluse. 

La directive donne des informations nécessaires et des bases de décision pour les 
applications sur le terrain ou en laboratoire. Elle est faite pour offrir une base commune aux 
clients et aux parties contractantes pour la communication sur les possibilités, les exigences 
d'emploi et les limites de la méthode. 

Le travail sur la directive est actuellement en cours de finition. Elle sera publiée par le 
Deutsche Gesellschaft für Zerstörungsfreie Prüfung (DGZfP), Berlin. Cette contribution 
donne un aperçu de son contenu incluant des sujets spéciaux choisis et des exemples 
d'application. 
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1 Introduction 
The impact-echo method analyses the “sound” of a structural element when mechanically 

stimulated, which in physical terms is a resonance of standing waves. It has a long history as 
a non-destructive testing method used in civil engineering. In its form widely known today it 
is built upon the excitation of elastic waves by a short mechanical impact, and the subsequent 
analysis of a measured signal in the frequency domain. These two main characteristics were 
combined by Sansalone in the 1980s. 

Subsequently, a wide range of applications was published for this method [1]. While many 
of them proved useful and provided better ways of testing certain properties of concrete 
elements, others were taken with scepticism by the scientific community. It was pointed out 
that several effects could only be reproduced under restrictive circumstances. 

Meanwhile the impact-echo method has found its way into common practice for testing 
structural elements in Germany. The applications are mainly thickness measurements and 
fault detection techniques derived from thickness measurements. One application – the 
thickness measurement of inner tunnel shells – became required for all new constructions [2]. 
Additionally, a considerable amount of research has been conducted. So the need emerged to 
summarise the state of technology, orientated toward practical needs, and separated into 
proven tasks and applications still under development. 

With this objective in mind the technical subcommittee “Ultraschallprüfungen” (ultrasonic 
testing) of the DGZfP committee “Zerstörungsfreie Prüfung im Bauwesen” (non-destructive 
testing in civil engineering) started to work on the new guideline B11. Among the committee 
members are employees of construction companies, universities, and public research 
institutes. The guideline B11 describes fundamentals, scope, method, instruments, 
applications, and research areas of the impact-echo method. It contains remarks on specific 
characteristics of the impact-echo method, which are due to the underlying physics and may 
result in misinterpretation if not taken into account. The guideline is in the process of being 
finalized and will be available in 2009 [3]. 

In the following, a brief overview of the guideline B11 will be given. Three introductory 
sections are translated into English. Then recommended procedures for determining the 
sound velocity are outlined that may partly differ from procedures used elsewhere. Finally, 
two of the described applications are summarised. 

2 Overview 
To provide an overview of intention and contents of the guideline, three sections are 

reproduced in this chapter in English translation. 

2.1 Preface 
This guideline describes the present state of technology for the application of the non-

destructive impact-echo method in civil engineering. It gives necessary information and 
decision bases for applications in the field and in the laboratory. The guideline contains an 
explanation of the scientific-technical bases, a description of the method and instrumentation, 
and an overview of application possibilities, which are illustrated by sample applications. 
Further sections treat test reports and personnel qualification. A bibliography is also included. 

The guideline addresses itself to actual and potential users of this testing method as well as 
to all interested in this method. It is meant to offer a common basis to clients and contractors 
for the communication over the possibilities, employment requirements, and limits of the 
method. Only a general technical background is presupposed for understanding. 

The guideline will be regularly updated. Remarks to its contents as well as proposals on 
improvements of the testing methods are very welcome. We ask to address remarks and 
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inquiries – as well as to other non-destructive methods in civil engineering - to the technical 
committee over the office of the DGZfP. 

2.2 Objective and scope of application  
In this guideline the impact-echo method for the non-destructive testing of concrete 

elements is described. The method is based on the excitation of elastic waves by a short 
mechanical impulse and their multiple reflections between the front and back of a structural 
element. With known sound velocity, the thickness of the structural element can be 
determined from the resonant frequency. 

The objective of an examination using this method is primarily 
− the determination of the thickness of structural elements or of surface layers within 

a range of 5 cm to 80 cm; 
− the detection of local or laminar compound disturbances or delaminations; 
− the localization of voids. 

The description of procedures and applications refer to the examination of concrete. They 
can partly be transferred to the examination of masonry and natural stone. The impact-echo 
method can be used both in the context of quality assurance and for damage analysis. 
Applications are presented from both areas. Further applications still under development are 
given in a separate section. 

The guideline RI-ZFP-TU describes the use of the impact-echo method for thickness 
measurements of inner tunnel shells [2]. ASTM standard C 1383 deals with general thickness 
measurements using this method, whereas a number of differences exist to the guideline at 
hand. Other non-destructive testing methods applicable to civil engineering with a similar 
range of application are described in DGZfP guidelines B4 (ultrasound) and B10 (radar). 

2.3 Contents 
1 Objective and scope of application 
2 Terms and definitions 
3 List of symbols 
4 Principle of the method 

4.1 Introduction 
4.2 Physical fundamentals 
4.3 Measurement principle 
4.4 Specific characteristics of the method 

5 Description of the method 
5.1 Measuring equipment 
5.2 Measurement procedure 

5.2.1 Preliminary work 
5.2.2 Measurement grid and number of measurements 
5.2.3 Measurement 
5.2.4 Determination of the sound velocity 

5.3 Evaluation 
5.3.1 Computation and evaluation of the frequency spectra 
5.3.2 Presentation of results 

5.4 Resolution and uncertainty 
5.5 Test report 
5.6 Personnel qualification 
5.7 Notes on safety 

5.7.1 Personal security 
5.7.2 Impairment of the test object 

6 Application possibilities 
6.1 Thickness measurement 
6.2 Detection of surface-parallel cracks, compound disturbances, and delaminations 
6.3 Detection of flaws, construction elements, and built-in parts 

7 Applications examples 

   
 



 NDTCE’09, Non-Destructive Testing in Civil Engineering  
 Nantes, France, June 30th – July 3rd, 2009  
 
 

7.1 Thickness measurement 
7.1.1 Thickness measurement of a concrete floor plate 
7.1.2 Thickness measurement of an inner tunnel shell 
7.1.3 Measurement of the wall thickness of a clam-shell wall 

7.2 Detection of surface-parallel cracks, compound disturbances, and delaminations 
7.2.1 Delamination in a floor 
7.2.2 Delamination in a noise protection wall 
7.2.3 Underfilling quality of a reinforced concrete bridge 

7.3 Detection of voids 
7.3.1 Detection of voids in element walls 
7.3.2 Detection of voids in a pre-cast ceiling 

8 Applications under development, simulation of wave propagation 
8.1 Detection of cracks perpendicular to the surface 
8.2 Investigation of the injecting condition of grouted tendon ducts 
8.3 Examination of fresh concrete 
8.4 Simulation of wave propagation 

9 Literature 
10 List of figures 

3 Determination of the sound velocity 
The guideline recommends procedures for common practical tasks. One procedure 

concerning the determination of sound velocity is briefly outlined in the next paragraphs 
since it may contain techniques partly different from those used elsewhere. 

3.1 Procedures to determine the sound velocity 
The correct determination of the sound velocity is essential since uncertainties directly 

adulterate thickness results. The following procedures are mentioned in the guideline, with 
the first two of them being recommended. 

1. Calibration at positions of the tested structural element where the thickness is known 
from mechanical measurements. 

2. Calibration at calibration specimens, either from core drilling, or fabricated for this 
purpose. Material, production, and storage should be the same as for the object under 
test. Circular cylinders with a length-to-diameter ratio greater two are recommended. 

3. Measurement of the longitudinal sound velocity on the surface of the tested structural 
element. 

4. Estimation of the sound velocity. 
In the notion a distinction is made between the general determination of sound velocity 

and the calibration against a known thickness. 

3.2 Sound velocity conversion factors 
It is not always possible to calibrate directly at the structural element (method 1 in the 

previous paragraph) to determine the sound velocity. When using other possibilities, care 
must be taken since different elastic wave types propagate in plates, half spaces, and rods, 
respectively, each having a different sound velocity. As a result, conversion factors may have 
to be applied. 

Actual understanding is that the elastic wave enabling standard thickness measurements of 
a plate is a resonant, symmetrical S1 Lamb wave [4]. When measuring the longitudinal sound 
velocity on the surface of the plate, a conversion factor of 0.96 to the S1 Lamb wave was 
found experimentally [1]. This factor depends to a minor degree on the Poisson ratio. 

During preparation of the guideline it turned out that in some cases circular cylinders were 
used for calibration without the use of a conversion factor. Subsequent discussions revealed 
that this can be justified. If a circular cylinder is slim enough, a dilatational wave propagates. 
Interestingly, the conversion factors for the sound velocities between dilatational and 
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longitudinal waves on one hand, and between longitudinal and S1 Lamb waves on the other, 
are about reciprocally equal. When both are applied, they approximately cancel, and 
calibration can be done with an additional error below 1 % for a Poisson ratio around 0.20. 

4 Selected application examples 

4.1 Thickness measurement of an inner tunnel shell 
Many tunnels in Germany are built as double-leaf concrete constructions. The outer shell 

is sprayed, and the inner shell is built in blocks of 8 m to 12 m length and 30 cm to 60 cm 
nominal thickness. To avoid penetration of water, a plastic liner sheet is placed between the 
shells. Nevertheless problems occurred a couple of years ago, when large amounts of water 
came out in some tunnels. It turned out that in the affected areas the inner shell was not 
concreted to its nominal thickness. As a consequence, rear reinforcement has perforated the 
plastic liner and allowed water to penetrate. 

The German Federal Highway Research Institute reacted by issuing the guideline RI-ZFP-
TU in 2001 (actual issue: [2]). The guideline prescribed thickness measurements of the inner 
shell by impact-echo or ultrasound methods for all tunnels on highways and federal roads. 

The thickness has to be measured point wise on a quadratic 0.8 m x 0.8 m grid. To include 
the most vulnerable areas, usually five lines are measured in the roof of a tunnel block and 
two lines, respectively, along both joints. If a reduced thickness or any kind of fault is 
encountered, the grid size has to be condensed to 0.4 m x 0.4 m. 

Measurement results are to be presented block wise as tables (printed and data file) and 
isoline representations. The isoline representation is a diagram containing the measured 
thicknesses coded in colours and separated by isolines. Fig. 1 is an example. It shows the 
measured surface of the block developed in a bottom view, the joints being parallel to the 
upper and lower edge, respectively. In the roof, an area of reduced thickness is visible close 
to the upper joint. Grey circles indicate measurement points; the grid is condensed in the 
faulty area. Areas with reduced thickness like the one detected are to be repaired using post-
injection. 

 

   
 



 NDTCE’09, Non-Destructive Testing in Civil Engineering  
 Nantes, France, June 30th – July 3rd, 2009  
 
 

 
Figure 1. Isoline representation of the thickness of an inner tunnel shell.  

 
Testing agencies planning to carry out measurements according to RI-ZFP-TU need to be 

approved by the German Federal Highway Research Institute. 

4.2 Delaminations in a noise barrier 
During construction of a noise barrier, part of an absorber layer fell down (Fig. 2, left). 

Since it could not be ruled out that other elements were also affected, the complete noise 
barrier of 1 km length was examined using the impact-echo method. 

The elements were pre-fabricated parts in sandwich construction made with a core from 
normal concrete and sound absorbing layers made from lightweight aggregate concrete. 
Delaminations between the layers occurred obviously due to manufacturing faults. 

In order to localize delaminated areas, six impact-echo measurements were carried out on 
each element. The open porous surface made it often difficult to obtain clear measurement 
results, so measurements had to be repeated several times. Results were interpreted with 
respect to the measured thickness. It was differentiated between a larger thickness, stemming 
from the outer surface to air (Fig. 2, top right), and a smaller thickness, attributed to local 
delaminations between core and absorber layer (Fig. 2, bottom right). Several results with 
local delaminations on a single element were assigned a laminar delamination. 

One of the detected laminar delamination results confirmed itself as the absorber layer of 
this element also fell down before it could be repaired. 
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Figure 2. Delamination in a noise barrier. Absorber layer already fallen down (left), 

measurement examples of intact (top right) and delaminated (bottom right) 
absorber layer  
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