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ABSTRACT 

 
Assessment of safety aspects of long-term operation of NPP’s represent at present big challenge from the point 

of view of renewal of operating license. Many steel-concrete structures are considerably important subject of such 
safety studies. 

This work has two main purposes: 
The first one is to present a possibility study of the reinforcing bars detection. The bars positions are not 

exactly known although it is necessary to know them to choose properly the place where the specimen may be 
taken from without getting into collision with any steel bar. Moreover, it is important to know the depth in which 
the bars are deposited so as to be able to evaluate the effect of the corrosion agents on steel; 

The other is localization and detection of potential cracks at the both surfaces (accessible and inaccessible). 
This paper is part of a wider work and is aimed at realizing the method usage. In both cases the “impact-echo” 

acoustic method is employed (according to ASTM standard). It is utilized the reflections of elastic waves from 
inhomogeneities and discontinuities here. 

The work is a continuation of [1], [2] and [3]. In the presented paper, the possibilities of the reinforcing bars 
localization are tested at first, and next the computations of the thick wall responses with crack on the accessible 
and inaccessible surfaces are carried out. The works on detection of cracks with variable depth and the calculations 
as well as the response numerical simulation of a wall with cavity are just under way.   
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1. INTRODUCTION 
 
Safety assessment of long term operation of represent at present big challenge from the point of view of 

renewal of operation license nuclear power plants safely as long as possible, their safety must be certified. Many 
steel-concrete structures are considerably important subject of such safety studies.  
This work has two main purposes:  
- the first one is to present a possibility study of the reinforcing bars detection. The bars positions are not exactly 

known although it is necessary to know them to choose properly the place where the specimen may be taken 
from without getting into collision with any steel bar. Moreover, it is important to know the depth in which the 
bars are deposited so as to be able to evaluate the effect of the corrosion agents on steel; 

- the other is localization and detection of potential cracks at the both surfaces (accessible and inaccessible). 
This paper is part of a wider work and is aimed at realizing the method usage. In both cases the “impact-echo” 

acoustic method is employed (according to ASTM standard). It is utilized the reflections of elastic waves from 
inhomogeneities and discontinuities here.  

The work is a continuation of [1], [2] and [3]. In the presented paper, the possibilities of the reinforcing bars 
localization are tested at first, and next the computations of the thick wall responses with crack on the accessible 
and inaccessible surfaces are carried out. The works on detection of cracks with variable depth and the calculations 
as well as the response numerical simulation of a wall with void are just under way. 

2. NUMERICAL MODEL AND ITS PROPERTIES 
 
The finite element method is being used for numerical simulation of the “impact-echo” method. Selecting the 

mesh and time step size appropriately, we respect the waves with length mm60min =λ  and more. The sand 
particles are the size of up to 4 mm and the aggregates up to 16 mm, the concrete is poured, and the stressing is 
relatively very small at the tests [4]. For this reason, the concrete mixture as well as the reinforcing steel can be 
modeled as a homogenous, isotropic, and elastic material.  

The computational systems COSMOS/M and MSC-MARC/MENTAT were tested. Recent experimental data 
[5 to 7] were used to. Since the results yielded by MARC were substantially closer to the experiment, we further 
used the system MSC-MARC/MENTAT.  

8-Node isoparametric elements with edge length of 5 mm and time step st µ2,1=∆  were used in the 
calculations considering reinforcing. The diameter of a reinforcing bar is 40 mm, i.e. 8 elements. Unfortunately, 
we could not use elements of varying size for this type of problem (different cut-off-frequencies, spurious wave 
reflections, see e.g. [8 to 12]). The 16 millions elements would be needed if we wish to model a 1x2 m portion of a 
wall 1 m thick in this way. Neither is possible to homogenize the wall, as we need to localize individual bars.  

Elements with edge size of 3 cm and time integration step st µ7=∆ are considered in calculating the walls 
with cracks. The presence of reinforcing bar must not however be respected because the minimum wave length is 
6 cm here. The experience gained in the earlier calculations and confrontations of numerical simulations with 
known analytic solutions (see [7, 8]) were employed in the selection of numerical calculations parameters.  

The elements with edge size of 3 cm that we have applied are capable of transferring the waves with the 
frequency of up to 70 kHz approximately without amplitude attenuation in the extreme case when the wave length 
corresponds to two elements lenghts. This frequency is called cut-off-frequency and should answer to the time 
integration step so as to make the frequency limits given by temporal and spatial discretization similar. Otherwise 
the calculation parameters have been chosen inconveniently – for example, the result with fine spatial 
discretization gained at considerable costs can be degraded by too rough temporal discretization and vice versa. 
Suitable selection of the time integration method (here, Newmark implicit integration) combined with spatial 
discretization (here, consistent mass matrix) is also of great importance because it is advisable to prevent 
superposing the side effects of either discretization and, conversely, to eliminate them [8 to 14].  

A blow of the testing hammer initializes the excitation. We estimate the blow is a force of 5,000 N acting for 
36 µs. Taking into account the dimensions of the body, we consider the excitation as spot excitation.  

We have employed the numerical implicit time integration by Newmark method with modified coefficients 
275625,0=β  and 55,0=γ . Retaining the unconditional stability of the method, this modification introduces a 

moderate numerical attenuation, which suppresses especially the spurious influence of higher frequencies. This 
option has proved suited even in the preceding calculations, e.g. [8] and [5 to 7].  

In addition, we tried to employ the elements with one-point reduced integration in order to accelerate the 
computation. The results don’t differ substantially so that the reduced integration is in principle applicable with 
this type of a problem.  
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Although 3D problems are the matter, we tried out the possibility of treating them as a 2D case, namely plane 
stress and plane strain problems as well. The 2D and 3D results however substantially differ so that we must insist 
on 3D models. 

3. TESTING THE POSSIBILITY OF LOCALIZING REINFORCING BARS  
 
As first, we deal with the response of a concrete section of a wall 190x200 mm, 70 mm thick. Elements with 

edge size of 5 mm have been employed. A distance of the same 70 mm separates the positions of excitation and 
measurement on the surface and their join, parallel to the specimen edge, passes through the middle of its upper 
surface. Making use of the symmetry, the problem can be reduced to a half-size model involving 10,640 elements. 
On the second case, the geometry of the other model is identical, only that its lower half is from steel while the 
upper one, where the excitation occurs and the response is sampled, is from concrete (see Fig. 1 without showing 
the reinforcing bar). The goal is to find out, how the waves reflect on the concrete-steel dividing plane and how 
they pass through it back after reflecting from the bottom.  

In the third case, one reinforcing bar 40 mm in diameter (see Fig. 1) is inserted in the same concrete sample in 
position parallel to the surface and in the depth of 50 mm. 

Figures 2 and 3 show a comparison of time history 
of the displacements perpendicular to the surface in the 
three cases mentioned. The time point, at which the 
responses differ significantly, is near the share wavefront 
reflected from the concrete-steel dividing plane 
(t = 39,02 µs) or very accurately at the shear wavefront 
reflected on the inserted bar top (t = 36,34 µs). It can be 
therefore deduced that, in all probability, it is the very 
shear wave reflection, which brings the key information 
about the material dividing plane to the surface and, as a 
result, it can be used for reinforcing bars detection. 

The testing of reinforcing bars numerical detection 
and localization will be further continued. It indeed will 
be impossible to model a solid wall (1 m thick), but we 
intend to enlarge considered area and to refine the 
discretization. 

Fig. 2. Comparison of only concrete sample
response with that of concrete-steel dividing plane
sample 
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Fig. 1. Schema of reinforcing bar 
detection and localization testing 
Fig. 3.  Comparison of only concrete sample
response with that of inserted reinforcing bar
sample
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ZATION 

e perform these simulations with a segment of a 
conc

4. MODELING CRACK DETECTION AND LOCALI
 
W
rete wall having dimensions of 2 by 2 meters an 1 

meter thick. Owing to planar symmetry of the problem, 
it even now is possible to treat only one half of the 
body (see Fig. 4). Elements with edge size of 3 cm 
(71,874 elements, 144 time steps with st µ7=∆ ) 
were used in the final calculation. It ends a f 
1,001 µ s, at which the results are about to commence 
to be degraded by the reflections on sample sidewalls. 

 

t the time o

tep by step, the following problems are dealt 
with

Comparison calculation of thick plate response w tation by an experimental 

- wall surface points (one point 

-  at 67 wall 

It is  crack has arisen due to tensile loading and that its surfaces are therefore not in the contact. 
An 

ig. 5 presents a comparison of two time histories of displacement perpendicular to the surface. The excitation 
and

 
a 

urface at the time point of 245 
µs a

s a crack of 20 cm in 
dept

S
:  
 

- ithout any cracks to spot exci
n the same surface) 

wall with surface cracks
Fig. 4.  Scheme of tasks for calculations of

hammer at 67 points (excitation and measuring o   
Response of a cracked thick plate to the spot excitation by a hammer at 68 
extra is the crack edge) (excitation, measuring, and crack on the same (accessible) surface)  
Response of a thick plate with crack on opposite (inaccessible) surface to the spot excitation
surface points  

 assumed that the
experiment would show whether this assumption is true. 
 
F

 measuring occurs on the 
same surface 20 cm apart. The 
first case is a defectless concrete 
wall while the other is a wall with 
a crack of 20 cm in depth midway 
between the exciting and 
measuring points. It is evidenced 
in the figure that the crack 
prevents the surface Rayleigh 
waves from passing through, see 
also Figs. 7, 9a), and 9b) below. 

In case of a defectless wall, 
wall with a crack on accessible 
surface and wall with crack on 
inaccessible surface, we carry out

series of calculations for 
excitation advancing by 3 cm 
along a line two meters long and 
passing through the middle of the 
sample (see Fig. 4 above). Thus 
67 tasks are computed for each 
case of wall (or 68 since the crack produ  resp. 
23 hours on a 32-bit computer resp. 64-

Fig. 6 shows the distribution of the displacement perpendicular to the exciting s

Fig. 5. Comparison of defectless sample response with
sample with a crack of 20 cm in depth

ces an edge with another excited node). The runtime of one task is 25
bit Itanium computer.  

t a distance of 0.78 m from the specimen’s edge. Significant wave front corresponds to the surface Rayleigh 
wave. The front of dilatation wave is not observable on this scale and the front of the shear wave cannot be 
distinguished from the front of R-wave. There is an interesting area near the R-wave front in the Fig. 6 (also 7 and 
9), which is characterized by elliptical movement of continuum points nearby the surface.  

Next Fig. 7 shows the same situation as is in the preceding figure save that the sample ha
h on investigated (upper) surface where the excitation and measuring occur. At first glance it is apparent how 

heavily the crack prevents particularly the surface waves from propagation. 
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Fig. 6. Distribution of displacements perpendicular to measured surface at time point 245 µs for 
defectless sample.
Fig. 7. Distribution of displacements perpendicular to measured surface at time point 245 µs for 
sample exhibiting crack of 20 cm in depth on investigated (upper) surface. 
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At a glance, the response on the upper surface does not significantly differ from the case without crack if we are 
considering the wall with crack on inaccessible (lower) surface. A difference is however found at later time points 
with waves reflected on the sample bottom where there is a crack.  

 The time history of all nodal displacements perpendicular to the upper surface is stored. Some part of these 
responses (i.e. time history of nodal displacements along the straight line passing through the middle of the sample 
(if there is a crack, then perpendicularly to it)) was used in the illustrations (Figs. 8, 9a), 9b)) for telling 
representation of the wave effects. For these illustrations, the excitation position lies on the measured line too, 
namely at a distance of 0.78 m from the sample edge (like in the Figs. 6, 7, 9). The axis “Distance” are the spatial 
coordinates of points on the measured line. The time history of the displacement perpendicular to the surface is 
depicted for each individual point on this line. 

Fig. 8. Time responses of defectless wall at line passing through the middle of the sample.

Fig. 9 a).  Time responses of sample with crack of 20 cm in depth in line perpendicular to the
crack 
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A set of information can be read out from the Figs. 8 and 9. Approximately halfway the flat triangular areas 
branching out from the point of excitation are cut by the front of a dilatation wave propagating along the surface. 
The front is however completely invisible on the given scale in the figure. They are the Rayleigh and shear waves 
(they coincide partially) that exhibit the first outstanding edge. It can be easily seen that this front is very 
substantially reduced by the 
crack and moved backwards 
by approximately 50 µs. The 
effect is more visible in the 
colored ground plan set up 
from level lines (see Fig. 
9b)). This fact will be a 
major indicator of crack 
detection. Discontinuity of 
other waves is clearly 
indicated too. Furthermore, 
interest should be attracted 
by the area in the left upper 
part of the Figs. 8, 9a), 9b) 
where the wave fronts 
reflecting on the sample 
edge as well as the 
interference of reflected 
waves with the coming ones 
can be seen here. 

5. CONCLUSIONS  
 
We are going to try to make use of the extensive database we have received for routine crack localization with 

the help of experimental measurement. We propose to arrange the measuring in such a way that the experimental 
hammer would excite at approximately 10 cm long intervals and the responses would be measured at the same 
distance over the investigated area. It would be however more convenient to measure the responses in two 
directions perpendicular to each other, or even in four directions from the point of excitation. The measurement 
will then be compared with the computed database. The place where the agreement is rather close will be seen as a 
“candidate” for a crack and should be measured more extensively.  

Fig. 9 b).  “Ground” view in Fig. 9a) 

 This contribution NTC Proceedings is not a report on a closed project. The calculations described are finished 
for a defectless wall, for a wall cracked at the excitation and measuring side, and for a wall with a crack on the 
opposite (inaccessible) side. The calculations for varying depth of the crack are continued that would estimate the 
influence of its depth on the shape of response and so is the modeling of a crack inclined to the surface in variety of 
ways. Further the modeling of a wall with internal crack parallel to the surface and with cavity inside will continue 
as well as the works on reinforcing bars detection. Measuring with a defectly cast experimental block will 
cross-relate the calculations. We believe we will can to publish incoming results in a similar manner. 
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