
 

 

  
Abstract—This paper reports on an experimental non-destructive 

method for characterizing the damage of concrete structures using the 
vibration signature. The frequency of the material is an indicator of 
damage to the structure. The presence of cracks induces stiffness 
degradation in the concrete and thus causes damage. The 
determination of the elastic modulus and resistance characteristics of 
specimens through bending and compression tests is used to study 
the variation of dynamic modulus with characteristics of crack. 
 

Keywords—Located damage, concrete, crack, vibration 
frequency, elastic modulus. 

I. INTRODUCTION 

 
 OR the safety of civil engineering structures, periodic 
testing is necessary. It is important for the engineer to 

ensure that buildings are capable of performing their function. 
This is possible through the detection of any weaknesses over 
time and the subsequent orderly planning of necessary 
interventions. In order to monitor these structures, it is 
important to be able to identifying their condition [1,2,3].  

Concrete damage is the major problem for this type of 
structure. Its characterization has been treated by several 
authors using a physical model [4,5,6] such as Mazars’ 
isotropic model [7] based on Kachanov’s variable of [8]. Other 
authors have used non-destructive methods: dynamic testing 
[9,10] where the principle is to analyze the changing of 
dynamic characteristics [11,12,13] in the presence of damage, 
ultrasonic methods [14,15] based on wave propagation, or a 
combination of several methods [16]. 

Concrete is a composite material composed of aggregates of 
different sizes, a cement matrix and cavities. It presents 
randomly distributed micro-cracks which are present prior to 
any external stress. Depending on the nature and intensity of 
the stress, concrete deformation is complex [17,18] involving 
one or more combinations of basic mechanisms: elasticity, 
damage, sliding friction and cracking. This makes it difficult to 
find a physical model to represent these fracture modes and 
crack propagation that is reliable and easy to use.  

This study is based on damage analysis using vibration 
signatures. The various methods for vibrating structures to 

 
 

identify the natural frequencies of a building are easy to 
implement (non-destructive methods). The objective is to 
periodically determine the "vibration signature" of the studied 
specimens and correlate any changes in them subsequent to a 
loss in strength. 

II. APPROACH 

 
The method is based on studying dynamic modulus (Young 
and shear) [19,20] over time as well as diffuse defects on 
specimens. It consists of vibrating a cured concrete specimen, 
measuring the resonant frequency with Grindosonic [21] and 
calculating the dynamic modulus of elasticity of the specimen 
with the obtained results.  
The GrindoSonic (Fig. 1) is a device for measuring the elastic 
properties of materials using a dynamic method. The speed 
and simplicity of these non-destructive measurements means 
that they can be repeated without limitation on the same 
specimen to observe changes over time. 

The instrument uses the excitation pulse technique [22] to 
dynamically determine the elastic modulus of materials. 

 

 
Fig. 1 Grindosonic 

  
The operation consists of exciting the object with a light 
mechanical impulse and to analyze the resulting transient 
vibration. The natural vibration is determined by the geometry 
and physical properties of the specimen. A piezoelectric sensor 
(or microphone) is used to sense the mechanical vibration and 
convert it into an electrical signal. An electronic circuit detects 
the zero crossing, accurately marking the successive periods. 
As the signal decreases, the instrument measures each period 
and keeps the value in memory. This continues until the virtual 
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extinction of the signal. Finally, the microprocessor analyzes 
the stored information, selects the fundamental component of 
the spectrum and displays the measurement result. 
This result may appear in 3 forms: i) the traditional reading 
(R) which gives the duration of two periods of the fundamental 
vibration, expressed in microseconds; ii) the new reading (T), 
which also gives the length of two periods but in a constant 
resolution format (this format requires the use of commas and 
display units on milliseconds or microseconds) and iii) the 
frequency (F) expressed in hertz or kilohertz. 

There is a very simple relationship between reading (R or T 
in µs) and frequency (F in Hz): 

F = 2,000,000 / R 
There are three steps to performing a test: placing the sensor, 
impacting the specimen, and reading the measurement. 
The positions of the piezoelectric sensor, the impact and the 
support can all be changed according to the different 
resonance modes.  
The following figure (Fig. 2) summarizes the procedure for 
each mode of vibration and the formula for calculating the 
Young's modulus. 
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Fig. 2 Measurement of Young's modulus by Grindosonic 

 
With this method, measurements can be made on all solid 
materials as long as the internal friction does not exceed a 
certain limit. The dimensions and shapes of objects measured 
can vary widely, ranging from small bars measuring 3 x 4 x 40 
to concrete beams weighing over a ton. 
 

III.  EXPERIMENTAL SET-UP 

 
To fabricate the specimens, the standard NF EN 196-1 [23] 
was respected for materiel quantities. For the tests, a reference 
specimen "without cracks" and 12 cracked specimens were 
manufactured (Fig. 3) by varying the following parameters: 

- Crack width: 0.2 mm, 0.5 mm and 1 mm. 
- Crack depth: 10 mm, 20 mm and 30 mm. 
- Crack layout: two angles: 90 ° and 45 ° 

- Crack position: to define a zone of influence that is 
created around a crack, three distances are 
considered: 30mm, 100mm and 120mm 

- Crack numbers: specimens with 1, 2 or 3 cracks. 
 

 
 

Fig. 3 Manufacturing cracked specimens 
 
The following table (Table. 1) summarizes the specimens with 
the dimensions and position of cracks. Each crack is 
characterized by the term fi = (e, l, d) with i: the number of the 
specimen, e: the opening (or thickness) of the crack, l: depth 
(or height) of the crack and d: distance from the beginning of 
the crack from the right-hand end of the specimen. 
 

Specimen 
number 

Specimen scheme Specimen photo Crack characteristics 

F0 

  

Reference specimen 
(Without crack) 

F1 

  

F1 = (0.2,19,100) 

F2 

  

F2 = (0.5,19,100) 

F3 
 

  

F3 = (1.20,100) 

F4 
 

  

F4 = (0.5,10,100) 

F5 
 

  

F5 = (0.5,29,100) 

F6 
 

  

F6 = (0.5,20,120) 

F7 
 

  

F7 = (0,5,19,30) 

F8 
 

  

F8 = (0.5,19,120) et 
(0.5,19, 30) 

F9 
 

  

F9 = (0.5,19,100) and 
(0,5,19, 30) 
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F10 

 
 

 

F10 = (0.5,20,120) and 
(0.5,19, 100) 

F11 

  

F11 = (0.5,17,120) and 
(0.5,18, 100) and 

(0.5,19,30) 

F12 

 

  

F12 = (0.5,29.7,90) 
Shear crack with an 

angle of 45 °, height = 
width = 22 mm 

 

Table. 1 Cracked specimens characteristics 

IV.  RESULTS 

 
It can be seen that specimens F0, F1, F3, F4, F6, F7, F8 and 
F10 follow the same curve as for the study of diffuse damage: 
the dynamic modulus increases sharply until the 70th hour, 
then the rise is more regular and moderate for 12 days; on the 
34th day there is a slight decline.  
In specimens F2, F5, F9, F11 and F12 the modulus does not 
fall on the 34th day, but continues to rise slightly. 
Figure 27 represents the dynamic modulus for the 5 groups of 
settings and for the 4 tests (bending, bending 90, torsion, 
longitudinal). For every parameter, in the presence of a fault 
there is a greater or lesser decrease in the dynamic modulus. 
The presence of a shear crack (45°) gives a lower dynamic 
modulus. While the amplitude varies, the curves of the 4 tests 
have the same shape. 
The next two graphs (Fig. 4) provide a comparison of the 
different parameters based on the reference specimen and 
using the percentage difference between the modulus. 
 

 

 
 

Fig. 4 Dynamic modulus - comparison with reference specimen 

 
From the results, one sees that: 
- The largest percentages of deviation were obtained in 
bending and longitudinal tests. 
- Differences in modulus in the presence of three cracks on a 
specimen (F11) and a shear crack (F12) are small in all tests. 
- Because of the small difference in modulus (<14%) of the 
cracked specimen on the right of support (F7), this type of 
defect is difficult to detect with GrindoSonic. 
- As soon as the number of cracks changes, significant 
differences of modulus appear. 
- When comparing specimens with different types of cracks, 
bending vibration is the most suitable mode for evaluating 
localized damage in terms of stability and percentage 
difference. 
The following table (Table. 2) presents the 5 groups used to 
study (by group parameter) the effect of cracking on dynamic 
modulus. 
 

 
Table. 2 Group parameter to study the effect of cracking 

 

A. Variation of crack opening  

The cracks have the same position (d = 100 mm) and the same 
height (l = 20 mm); only the opening varies for specimens F1, 
F2 and F3, respectively by 0.2, 0.5 and 1 mm. The obtained 
results (Fig. 5) are exploited as a graphical representation of 
dynamic modulus and a comparison with the reference 
specimen (F0). 
The largest differences are in bending (18 GPa (50%)) and in 
the longitudinal test (1 GPa (45%)). For the difference in 
modulus between cracked specimens, bending 90 tests allows 
the characterisation of the opening (between F1 and F2: 
deviation of 14%). 
An increase in crack opening means an increase in damage and 
thus a decrease (from the largest to the smallest) of the 
dynamic modulus. 
 

Group number Comparison group Parameter 

1 F0-F1-F2-F3 Crack opening 

2 F0-F2-F4-F5 Crack height 

3 F0-F2-F6-F7 Crack position 

4 F0-F2-F8-F9-F10-F11 Crack number 

5 F0-F2-F12 Angle 
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Fig 5. Dynamic modulus deviation in Group 1 compared to the 

reference specimen 

B. Variation of crack height  

The cracks have the same position (d = 100 mm) and the same 
opening (e = 0.5 mm); only the height varies for specimens F4, 
F2 and F5, respectively by 10, 20 and 25 mm. The obtained 
results (Fig. 6) are exploited as a graphical representation of 
the dynamic modulus and a comparison with the reference 
specimen (F0). 
 

 
Fig. 6 Dynamic modulus deviation in Group 2 relative to the 

reference specimen 
 

C. Variation of crack position  

The cracks have the same height (l = 20 mm) and the same 
opening (e = 0.5 mm); only the position varies for specimens 
F6, F2 and F7, respectively by 120, 100 and 30 mm. The 
obtained results (Fig. 7) are exploited as a graphical 
representation of dynamic modulus and a comparison with the 
reference specimen (F0). 
When the crack appears upstream of the support (F7), the 
deviations of dynamic modulus with respect to the reference 
specimen are very low. The maximum is 5 GPa, in bending, 
but it is negligible compared to the other two specimens, 
where maximum deviation is about 20 GPa. 
 

 
Fig. 7 Dynamic modulus deviation in Group 3 relative to the 

reference specimen 
 
The more central the crack is, the lower the dynamic modulus 
is. But it is difficult to distinguish between specimens F2 and 
F6, their results being close to each other, with between 3 and 
10% of variance.  

The group can be divided into two parts: one consists of 
specimens in whom the crack is located upstream of the 
support and it is difficult to detect it with GrindoSonic; the 
other consists of specimens in whom the crack is located 
between the supports and its detection is easy in all tests. 

D. Variation of crack number   

The cracks have the same height (l= 20 mm) and the same 
opening (e=0.5 mm); only the position and number of cracks 
varies. Specimens with two cracks are F8, F9 and F10, while 
specimen F11 has three cracks. The obtained results (Fig. 8) 
are exploited as a graphical representation of dynamic 
modulus and a comparison with the reference specimen (F0). 
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Fig. 8 Dynamic modulus deviation in Group 4 relative to the 

reference specimen 
 
The dynamic modulus of specimen F2 (1 crack) are almost 
identical to those of specimen F9 (2 cracks with 1 upstream 
support). For the gap between 1 and 2 cracks to be significant, 
it must be positioned between the two supports. Creating a 
crack upstream of a support tends to conceal the appearance of 
a second crack from GrindoSonic. It is the same for the 
comparison of F10 (2 cracks between supports) with F11 (3 
cracks with an upstream support); the maximum difference on 
various tests is a negligible 5% (Flex90) and the device did not 
detect the presence of the third crack. 
In both cases the maximum deviation is obtained by bending at 
90°. The following table shows the interest of making a 
comparison in bending 90:  modulus differences between 
specimens F2, F6, F8 and F9. 

 
Table. 3 Modulus comparison between the test F2, F6, F8 and F9 

 
In the three tests, bending, torsion and longitudinal, of the 9 
modulus differences, 7 are almost identical. Only the bending 
90 test detects the presence of the crack upstream of the 
support. 
It is the same for the comparison of a specimen with a crack 
and another with two cracks. If the second crack is upstream of 
the support, only the bending 90 test detects the emergence of 

the second crack. Here, the difference is not great: about 10%. 
If the two cracks are between the two supports the largest 
differences are obtained with bending modulus (35%) and 
shear modulus (20%). The difference is negligible for the 
bending 90 modulus. 

E. Variation of crack angle  

 
To The results are summarized in Figure 9 which represents 

a modulus comparison between a specimen with a shear crack, 
the reference specimen and the cracked specimen F2. 

 

 
Fig. 9 Dynamic modulus deviation in Group 5 relative to the 

reference specimen 
 
The presence of a shear crack provides the largest gaps: 

72% difference in bending and 69% difference in longitudinal 
with respect to F0. When comparing the results of the 
perpendicular crack (F2) and the crack at 45° (F12), the 
variation of the gap between the modulus of the two specimens 
is 43% and 42% respectively. 

The bending 90 test does not distinguish well between the 
two types of cracks, with only a 7% difference. 

F. Summary of tests to be performed   

 
Depending on the results, the four GrindoSonic tests are 

performed. The following table (Table. 4) summarizes the 
suitability of various tests according to the desired cracking 
criterion. For that, three levels of suitability are defined: very 
suitable (+), suitable (*), and largely unsuitable (-). 
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Table. 4 The suitability of various tests according to the desired 

cracking criterion 
 

G. Simulation of the onset of cracking  

 
It is interesting to study the changes in dynamic modulus by 

varying the cracking scenarios and knowing the boundary 
conditions: each simulation starts with a test on the reference 
specimen F0 and ends with a test on a specimen with 3 cracks: 
F11. 

To go from 0 to 1, then to 2 and finally on to 3 cracks, 6 
simulations are possible: 

� Simulation 1 : F0 → F2 → F10 → F11 
� Simulation 2 : F0 → F2 → F9 → F11 
� Simulation 3 : F0 → F6 → F10 → F11 
� Simulation 4 : F0 → F6 → F8 → F11 
� Simulation 5 : F0 → F7 → F9 → F11 
� Simulation 6 : F0 → F7 → F8 → F11 

The simulations represented in the figure (Fig. 10) show 
how cracking develops 
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Fig. 10 Simulations of the onset of cracking 
 
To exploit these simulations, it is possible to represent the 

variation of dynamic modulus for each simulation for each 
type of test. For bending, the results are shown in Fig. 11. 

Curves are put into three groups of simulations: 1 and 3, 2 
and 4, and 5 and 6. 

 

 
 

Fig. 11 Variation of flexural modulus for each simulation 
 
In a simulation, when a crack appears upstream of a support, 

the modulus curve flattens out: referring to the graph of 
simulations 1-4, it appears that there was no defect or crack 
upstream. 

These curves are equivalent to curves monitored over time 
that can be obtained using the GrindoSonic. But, while it is 
easy to observe that damage has occurred, it is important to 
complete these tests by visual inspection in order to associate 
defects and the drop in modulus. 

V. CONCLUSION 

 
This study has shown that the presence of crack disrupt the 
stability of the measurements made with GrindoSonic. 
The vibration signature permits the quantification of located 
damage on specimens using a threshold of porosity, and to 
qualify located damage. 
The dynamic modulus is significantly influenced by the crack 
characteristics, and this influence varies according to the test. 
It is important to perform all the tests - bending, bending 90, 
longitudinal and torsion - because even if they are not well-
suited to a particular type of defect, they can still be used to 
check the consistency of other results. 
It is hoped that the present study will validate this approach 
through the establishment of a numerical model of the 
specimens designed to find the frequencies and dynamic 
modulus defined using GrindoSonic. The approach will then 
be applied to a reinforced concrete structure such as a beam or 
plate. 
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