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Abstract 
Concrete structures constitute a critical portion of the civil infrastructure of most countries. 

Due to the nature of their use, these structures are normally subjected to various aggressive 
actions derived from loads or environmental agents, which cause the progressive 
deterioration of concrete condition over time. Therefore, the development of suitable tools to 
determine the state condition and ascertain the quality of concrete is quite important. The use 
of nondestructive testing (NDT) methods to periodically monitor the state of concrete 
structures is an interesting inspection strategy that can provide useful data for a 
maintenance/repair system. This work discusses two NDT methods that are being used by 
civil engineers to monitor concrete condition: the rebound hammer and the ultrasonic pulse 
velocity (UPV). To check how they would compare, an experimental beam with induced 
voids was examined with each tool. The data collected was mapped and core samples were 
taken on the positions that each method pointed out as problematic. The results clearly 
indicate that NDT data can be used to make a trustworthy guess about concrete condition 
with damaging structural elements, if the defects are sizable enough. 

Résumé 
Les structures en béton representent une partie assez importante de l'infrastructure civile 

de la plupart des pays. En raison de l´utilisation, ces structures sont normalement soumises à 
des actions agressives diverses provenant des charges ou des agents environnementaux, qui 
causent la détérioration progressive de l'état du béton avec le temps. Par conséquent, le 
développement d´outils appropriés pour déterminer l'état et pour s'assurer de la qualité du 
béton est particulièrement important. L'utilisation de méthodes d'essai non destructif (NDT) 
pour surveiller périodiquement l'état des structures en béton est une stratégie d'inspection 
intéressante qui peut fournir des données utiles pour un système d'entretien/réparation. Ce 
travail discute trois méthodes d´essai non destructif (NDT) qui sont employées par les 
ingénieurs civils pour surveiller l'état du béton : le marteau de rebond et la vitesse d'impulsion 
ultrasonique (UPV). Pour vérifier comment elles fonctionneraient, une poutre expérimentale 
avec des vides incorporés a été examinée avec chacune d´elles; Les données rassemblées ont 
été tracées et des échantillons ont été prélevés aux positions signalées comme problématiques 
par chaque méthode; Les résultats indiquent clairement que les données d´essai non destructif 
(NDT) peuvent être utilisées pour faire une prevision crédible sur l'état du béton avec des 
éléments structuraux endommageant, si les défauts sont assez importants. 

Keywords 
NDT tests, concrete, detected voids. 

1. Introduction 
Reinforced Concrete (RC) constructions amount to an important part of the civil 

infrastructure of several countries. Given that many of the older structures were built in the 
first half of the 20th century, they are reaching the end of the expected design service life, and 

   
 

M
or

e 
in

fo
 a

bo
ut

 th
is

 a
rti

cl
e:

ht
tp

s:
//w

w
w

.n
dt

.n
et

/?
id

=7
69

8



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

therefore are subjected to increasing deterioration. Worse, some of the newer structures have 
also shown signs or early deterioration. Due to this trend and the critical importance of such 
elements, it is easy to understand why there is a growing concern regarding how to determine 
the condition state and the need to intervention, in order to ensure its serviceability and 
safety.  

The push for the development of reliable tools to determine the condition state with little 
damage to the structure or its function has been fostered, in recent times, by a stronger focus 
on user satisfaction and quality control. 

In this scenario, the application of NDT seems to be an interesting strategy to check and 
monitor the condition state of constructed facilities. In the case of RC structures, one of the 
most important concerns would be to detect internal material flaws and defects that could 
affect structural performance and durability. The use of simple, quick and non-destructive 
methods to do this would provide important data to create a preventative maintenance plan. It 
is widely known that the early detection of problems and deterioration mechanisms allows for 
a quicker evaluation and intervention. 

This paper reports an exercise carried out with the aim to investigate if two simple and 
broadly known techniques used to check concrete compactness - the rebound hammer (RH) 
and the ultrasonic pulse velocity (UPV), could be successfully used to detect different types 
of flaws deliberately imposed in a concrete beam.  

The RH technique has a long tradition in civil engineering, but the data provided is 
normally seem with reserve, because it is considered that the test measures mainly the surface 
condition, having little capacity to detect deeper problems. The UPV is a more complex 
method that is becoming mainstream, due to many good reports about its usefulness to detect 
micro-cracking and voids in real life situations. This technique is theoretically more capable 
of performing an in-depth investigation of concrete compactness and has been used 
successfully in real life situations by the research team to detect voids and analyze changes in 
concrete type and strength. The idea of this side study was to compare how well these two 
very different techniques would perform when used to try to detect the existence and map the 
position of the different flaws created in the concrete beam used in the test. 

2. UPV Test Basics 
UPV is one of the most widely used non-destructive testing methods. The method is based 

on the propagation of a high frequency sound wave through the material. The velocity of the 
ultrasonic pulse varies in response to changes in the density of the material, allowing the 
estimation of the porosity and the detection of discontinuities.  

According to the ASTM [1], the test can be used to control the quality, detect defects, 
measure the thickness of constituent layers of different materials or characterize the type of 
concrete. For concrete tests, the method is normally based on the use of portable equipment, 
composed by the source/detector unit and handheld surface transducers, which works in the 
frequency range of 25 to 60 kHz [4]. 

The presence of voids causes a delay of the waves. The interpretation of the results is 
based on the fact that the time for the propagation of the ultrasonic pulses can be correlated 
with the density of the material. Additionally, changes in the density and compactness of the 
structure can be correlated with changes in concrete strength and properties. One additional 
advantage of this method resides in the fact that, being quick and non-destructive, the UPV 
offers the opportunity to perform a regular monitoring of several points of the structure along 
the service life-time. The results of this time series can be used for quality prognosis or 
deterioration monitoring.  
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The UPV method was chosen to make part of this experimental program because it is 

normally used for detecting internal structural changes in mortar and concrete, such as 
deterioration due to chemical attack, and changes due to freezing and thawing. It has already 
been used successfully in the evaluation of concrete structures, but there is still doubts 
regarding its accuracy and reliability. The present study aims to help better understand its 
capabilities.  

Figure 1 shows a UPV test being performed in the test concrete beam. It can be noticed 
that a guiding grid was used to ensure that measurements would be taken consistently at the 
desired control points.  

 
Figure 1. UPV at concrete beam 

3. Rebound Hammer Test Basics 
According to Malhotra and Carino [2] the rebound hammer technique is primarily a 

surface hardness test, based on the rebound of a weight launched by a spring against a 
concrete surface. Several measurements are performed in a small grid and the rebound 
hammer is usually obtained by determining a final mean value with the measurements that are 
not excessively distant from the initial mean, calculated with all measurements.  

Due to its simplicity, quickness and low cost, the RH test method was one of the first NDT 
methods to gain broad acceptance. It was normally used to check the uniformity or local 
compactness of concrete surfaces, or to map regions of lower quality or more porous 
concrete. 

Given that compressive strength has been historically the most important control 
parameter for concrete structures, several tentative relationships were established between the 
concrete compressive strength and the rebound number derived from RH tests, but the results 
are not totally consistent, being affected by many parameters, as explained by the ASTM [3]. 

To adequately use the RH method in order to estimate concrete compressive strength it is 
normally necessary to establish a prior correlation between the strength and the rebound 
number, with help of core specimens. Experienced test operators are sometimes able to help 
improve the interpretation of the test data by analyzing the sound and the rebound energy 
during the tests. 

In this research, the RH technique was chosen, despite the fact that it is more suitable to 
determine the condition of the superficial concrete layer than to detect internal flaws, because 
it is a low-cost, simple and widely known technique. The idea was to check if the data 
obtained with this technique could be used to supplement or even replace the UPV data 
whenever no other equipment was available. Figure 2 shows a rebound hammer test being 
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performed at the concrete beam tested in this work. Two measurement grids with 9 points 
each can be observed in the lateral of the element. 

 
 
 
 
 
 
 
 
 
 
 

 
 
 

Figure 2. Rebound hammer test at concrete beam 

4. Experimental Program 
In order to check the detection capability of the two NDT tests chosen for the study, a 

prototype beam 200x400x1000mm was created. Different objects were used to simulate 
concrete defects, as listed in Table 1. 

Table 1. Description of the objects used to induce defects in the beam. 
Type of Object Geometry Size Type of Defect 

Simulated 
Styrofoam Ball I Solid 75 mm Honeycomb 
Styrofoam Ball II Solid 50 mm Honeycomb 

Tennis Ball Hollow with filling 62 mm Very Large Air 
Void or 

Honeycomb 
Table Tennis Ball Hollow 38 mm Large Air Void or 

Placement Defect 
String made of one Tabel 

Tennis Ball and Two 
Styrofoam Ball 

Partly Hollow and 
Partly Solid 

23 to 37 mm Elongated 
Honeycomb 

Wood Piece Elongated 
Rectangular 

15x80x30 mm Formwork piece 

Wood Piece II Rectangular 40x30x55 mm Formwork piece or 
Honeycomb 

 

 
Figure 3. Lateral view of the rebar and the objects used to induce defects in the beam. 
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Besides the objects described in Table 1, rebar elements were also introduced in the beam. 

Four 1/2” longitudinal steel bars were used to create a supporting cage, together with 3 closed 
loop stirrups. Four additional single stirrups were placed in one of the sides of one half of the 
beam, to check if they would interfere with the UPV measurements. A corroded rebar piece 
and piece of prestressing tendon were also disposed along the main direction of the beam. 
Figure 3 shows a lateral view of the prototype beam with all objects positioned with the help 
of nylon threads. 

The mix proportions used for preparing the concrete for the beam were 1:2.57:3.43 
(cement:natural river sand:coarse basalt gravel), with a w/c ratio of 0.58. This resulted in a 
slump of 60 mm and a 28-day compressive strength of 20 MPa. The measurements were 
taken after 1 year, using two measurement grids: 

● a 150x150 mm square grid, starting at a point located 50 mm from the bottom and 50 
mm from one of the lateral ends of the beam; 

● a 75x75 mm square grid, with four times more cells than the first one, starting at the 
same point, located 50 mm from the bottom and 50 mm from one of the lateral ends of the 
beam. 

In the UPV tests, direct and indirect measurements were taken using the grid. The direct 
measurements were taken in each point of the grid between the two sides of the beam. The 
resulting value was placed at the corresponding grid point. Additionally, indirect UPV 
measurements were taken between the four points that made up each grid cell, resulting in 6 
UPV values for each face. The four values corresponding to readings taken between two 
neighboring horizontal or vertical grid points were positioned at the mid-point between them. 
A mean value was then calculated from the two values corresponding to the diagonal 
measurements and placed at the center of the square. In the end, five values were placed in 
each grid cell. For the Rebound Hammer tests, sub-grids with 9 cells were created around 
each original grid point. After making the determination of the rebound number, the resulting 
value was placed at the original grid point. A surface mapping software was then used to 
create continuous colored images similar to topographic maps, where low and high velocity 
zones could be identified, as will be described in the next sections. 

5. Analysis of UPV Test Results 
The initial analysis of the surface contour maps created using the UPV data indicated that 

the use of the values obtained from indirect measurements seemed to create images better 
adjusted to the known position of the defects. This paper, therefore, is restricted to the 
analysis of these images. Besides, it was noticed that the use of the smaller grid (75x75 mm) 
resulted in a more irregular and difficult image to interpret, as seen in figure 4.  
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Figure 4. Image generated with indirect UPV measurements (smaller grid). 

The best results were obtained when the data from the indirect measurements taken from 
the 150x150 mm grid were used. Figure 5 and 6 show the images corresponding to both sides 
of the beam generated with this data. In these images, hotter (red) zones indicate lower UPV 
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values, indicative of the presence of voids or defects. Colder (blue) zones indicate higher 
UPV values, indicative of more compact zones (or influenced by the presence or rebar). 

In both images the part of the beam where the defects were induced can be easily 
identified (right side of both images). The closed loop stirrup at the middle of the beam is 
also noticeable.  The presence of defects or voids that reduce UPV values is unmistakable.  

The disturbances, indicated by hotter values, are generally located in the vicinity of the 
area were the objects were positioned to simulate the concrete defects. However, it was not 
possible to establish a clear match between the original position of the defects and the image 
contour maps. Given the fact that this may have happened because some of the objects have 
been moved during concrete casting and vibration, core samples were taken at some points, 
as described in section 7. 
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Figure 5. View of UPV results at beam – Side A 
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Figure 6. Results of UPV at concrete beam – Side B 

Despite the uncertainties, the analysis of the contour maps - similar to those that would 
have been produced if an investigation of a real structure was under course – indicates some 
trends. The presence of the wood pieces and the hollow tennis balls seems to affect more the 
measurements than the solid Styrofoam balls. The smaller wood piece located nearer to the 
top of the beam only shows itself on the side B image, possibly because it was closer to this 
side of the beam. The presence of the tennis ball is also more marked on this side, although it 
appears at the side A.  The single table tennis ball is only noticeable on the side A image. The 
problems nearer to the bottom of the beam seem a little displaced but they appear at both 
sides, as 3 clear drops in UPV values. The more unexpected result can be noticed at the left 
side of both images. There seems to be a disturbance near the middle of the beam, which 
develops itself vertically. There was no object around this region that could justify such 
behavior.  

6. Analysis of Rebound Hammer Test Results 
The rebound hammer results are indicative of surface hardness and theoretically seem less 

capable of indicating the presence of internal defects. Nonetheless, the image contour maps 
generated with the data collected from these test are also useful, as seen in figures 7 and 8.  
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The images use hotter colors to indicate less rebound energy points, indicative of softer or 

more absorbing surfaces; and colder colors to indicate high energy rebounds, indicative of 
harder surfaces. Examining the images it is possible to verify that the induced defects are 
locates at the right side of the beams, but the results are less clear than the ones obtained with 
the UPV data. A strong rebound signal was registered where the tennis ball is supposed to be. 
The signal was stronger on the side B of the beam, agreeing with the UPV analysis, which 
indicated that this ball was probably closer to this side. Also in accordance with the UPV 
results, the single table tennis ball is only noticeable in the image of the side A. The big 
Styrofoam ball seems to produce a low rebound signal that is noticeable on both sides of the 
beam. This signal is stronger in the image of the A side, being located right below the signal 
traced back to the table tennis ball.   

 
 
 
 
 
 
 
 
 
 

 
 

Figure 7.   View of rebound hammer results at beam – Side A 
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Figure 8.    View of rebound hammer results at beam – Side B 

7. Core Samples 
In order to check if the diagnosis made with the contour map images were reliable, sample 

cores were taken at some points chosen based solely on the contour images. Figure 9 shows 
the beam marked with the extraction points. Red circles indicate UPV suspect points while 
blues circles indicate RH points. Figures 10 shows some of the extracted cores, providing 
clear evidence to the fact that the defects could be adequately located using only the NDT 
data, without any prior knowledge about their position. 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 9.     Detail of the marked beam. 
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Figure 10.  Core samples showing the table tennis ball and the small piece of wood. 

8. Conclusions 
This work has demonstrated that NDT tests can be used to located relatively small defects 

(around 35mm) in concrete beams, which could represent problems in terms of structural 
performance. The use of a contour mapping technique was shown to be an adequate way to 
organize and interpret the results of a series of NDT tests, in order to detect suspicious zones. 
The use of grids to collect data is seen as a good way to structure the test and make sure that 
no region is overseen. The results obtained in this work indicated that the use of very small 
grids may not be a sensible alternative, because the general signs that indicate the presence of 
a defect become masked by the natural variations between concrete zones. The 150x150 mm 
grid seemed to provide a good compromise for accuracy. Images generated by using indirect 
UPV measurements were better than the ones generated with direct measurements. This was 
attributed to the fact that indirect measurements encompass a greater portion of concrete, and 
the resulting data express the average velocity in a concrete zone, not only across the beam. It 
is important to highlight that good results were obtained with the rebound hammer data. 
Further studies should be carried out to check if this simple test can be used, when no other 
equipment is available, to provide a rough estimate of the presence of defects. However, the 
best investigation strategy, undoubtedly, is to combine different NDT tests. In this work, 
samples cores have proven that defects really existed in the points indicated as suspected by 
both tests. In general, the work carried out indicates that NDT tests can play an important role 
in determining the existence of defects in concrete structures. More work must be done, 
however, to establish the reliability and detection threshold of these techniques.  
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