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Abstract. Owners, architects, planners, and courts often want to assess the condition 
of  existing  structures  through  the  use  of  NDT methods.  In  many  cases  the  clients  
require testing that is not possible. But also engineering firms with limited 
theoretical and practical experience perform unsuitable tests and guarantee 
unrealistic test results. In this article examples are given which show the limits of 
the following NDT methods: potential mapping for determination of active 
reinforcement corrosion, impulse radar and ultrasonic echo technique as well as 
rebar and concrete cover detection.  
 Some tenders for potential mapping require the determination of the reduction 
in cross sectional area of rebars, the testing of concrete members with coating 
systems or the detection of corrosion in thick members. The limits and possibilities 
of the potential mapping method will also be shown. The suitability of impulse radar 
testing is dependent on several boundary conditions, notably the moisture content of 
the concrete, reflecting coatings and the density of the reinforcement layer closest to 
the surface. For example, uneven surfaces can cause imprecise positioning of the 
steel members due to inaccurate linear measurements, incorrect or improper 
algorithms in the testing devices will sometimes interpret “ghost signals” from non-
existing rebars/steel members due to interference of individual signals. The 
determination of defects/hollow zones is a common testing task for the Ultrasonic 
Echo Technique. However, determining the thickness of the defect areas, as is often 
demanded by clients, is not possible. Other important boundary conditions are the 
roughness of the surfaces, coupling problems on crack zones and shadowing effects 
related to deep elements. Verification of injection performance in crack zones, 
debonding,  etc.  by  means  of  NDT  Methods  is  not  only  dependent  on  the  actual  
injection itself but also on the type of injection material (resin or cement-based). 
Magnetic aggregates can inhibit the precise determination of the concrete cover. 
Calibrations are always needed, but are rarely requested by the client and also rarely 
executed by the testers. 

1. Introduction  

NDT Methods and NDT-Devices have specific limits for their application in practice. They 
result from the physical measuring principles, the performance of the devices, the testing 
members and buildings and the required accuracy of the test results.  
To execute NDT tasks successfully the user has to know these limits and take them into 
consideration. The user has to assess the operability on the basis of the physical measuring 
principle. If desired measuring tasks are not solvable the user has to give notice to the 
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client.  In  the  case  of  unclear  success  of  testing  tasks  the  client  has  to  get  corresponding  
hints. In difficult cases it is advisable to execute test measurements to assess the potential 
suitability of the intended measurements. 

2. Application Limits due to Physical Principles 

2.1 Potential Mapping  

Potential mapping is a NDT technique to detect areas of corroding reinforcement steel on 
the  basis  of  half-cell  potential  measurements  [1,  2].  It  should  be  used  only  to  detect  
chloride-induced corrosion but not to assess the risk of carbonation-induced corrosion. 
Measurements on prestressed concrete elements generally require special expertise. 

Potential mapping has application limits which have to be considered during 
measuring and for the evaluation of the test results:  

‚ It is not possible to assess the extent of the corrosion deterioration of the reinforcement 
on the basis of potential mapping results.  ‚ Only areas with current active corrosion processes can be detected. Areas which had 
been corroding in the past, but in which corrosion has stopped at the time of testing, 
cannot be located.  ‚ No assessment of the present rate of corrosion is possible.  ‚ In the case of larger concrete covers (œ 10 cm), of significant variations in concrete 
cover depths and of measuring on the opposite element surface, the interpretation of the 
results should be carried out by a specialist.  ‚ An electrolytic contact between the reference electrode and the concrete surface 
(concrete cover) has to be ensured. In the case of electrolytically-isolating coatings on 
the concrete surface or the reinforcement (e.g. polymer-coated reinforcement) potential 
mapping is not possible.  

2.2 Impulse Radar Technique 

Radar devices work on the basis of electro-magnetic waves (radar waves) which are 
emitted from the device, sent back on reflectors and received from the device. The devices 
measure the run time and the amplitude of the reflected waves. On the basis of the material 
specific  velocity  of  propagation  of  the  radar  waves  the  position  of  the  reflectors  can  be  
calculated back. Radar waves are reflected on bounding surfaces with changes of the 
dielectric coefficient. Total reflections occur on metallic surfaces. On other bounding 
surfaces parts of the radar waves will be transmitted, reflected and absorbed. 

Water absorbs radar waves intensively. As a consequence, the moisture content of 
concrete members limits the possible measuring depth. The resolution of the measurement 
is depending on the frequency of the radar waves. The use of high-frequency antennas 
enables high resolution, however the measuring depth is low. Vice versa high measuring 
depths can be achieved with low-frequency antennas but at the expense of the resolution. 

2.3 Low-Frequency Ultrasonic Echo Technique 

Low-Frequency Ultrasonic Echo Technique is based on the emission of mechanical waves 
(ultrasonic waves) into the components which have to be inspected. Ultrasonic waves are 
reflected on bounding surfaces with a change of the acoustic impedance. Depending on 
whether the subsequent acoustic impedance is higher or lower, a phase shift  will  occur or 
not. With increasing run length of the mechanical ultrasonic waves an increasing loss of 
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energy occurs. This limits the possible measuring depth. Similar to the radar technique high 
frequencies enable high resolution.  The wave length has to  be bigger  than the size of  the 
aggregates of mortar or concrete, otherwise only the subsurface aggregates can be detected. 
That means that the resolution of measurements of concrete is limited a priori. 

The surface of the measuring components has to be sufficiently even and sound to 
couple the mechanical probes for inducing the ultrasonic waves, fig. 1. At the transition to 
air a total reflection occurs. 

 

 

Fig. 1. Left. Low-frequency Ultrasonic Echo Technique: Function principle; 
Right: Measurement device with 24 point contact probes 

3. Application Limits – Practical Examples 

3.1 Impulse Radar Technique 

3.1.1 Measurement Depth 

With ground radar devices it is possible to reach penetration depths of several meters. Our 
company has often been asked to inspect reinforced concrete slabs with thicknesses of 
several meters and sometimes also to detect foundations beneath, with reference that this is 
standard for ground inspections. In fact the possible measuring depth in concrete members 
is much smaller and depends on the density of the upper reinforcement layer(s) which can 
shield the radar waves completely, on the concrete member age and the moisture content 
respectively. According to comprehensive investigations by Taffe et.al. [3] realistic 
measurement depths in concrete members with an age of 6 to 12 months are in the range of 
25 cm to 35 cm for antenna frequencies of 1.2 GHz, 20 cm to 30 cm for antenna 
frequencies of 1.6 GHz and 10 cm to 15 cm for antenna frequencies of 2.3 GHz. For young 
concrete the possible measurement depth is still much smaller. 

 
3.1.2 Resolution 

Rebars, tendons etc. with small distances cannot be detected as separate elements. This 
context can be seen in fig. 2. The upper figures show the distances of the measured tendons, 
the figures below the corresponding radar hyperbolas. With decreasing distance, the single 
hyperbolas grow together to form one entire hyperbola. The amplitude of this hyperbola is 
bigger than that of the single hyperbolas and its depth position is shifted downwards. This 
effect has to be taken into consideration when bore holes for anchors etc. have to be drilled 
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in prestressed concrete members. Otherwise there is a high risk of damaging tendons, 
rebars etc. 

 

 
Fig. 2. Rebars/tendons cannot be detected as separate elements by to less space between.  

(Tendons above were lying in a sand filled sample).  

  

3.1.3 Reinforcement Detection with Multi-Array Radar-Devices 

For several years Multi-Array Radar-Devices with antenna frequencies between 1.0 GHz 
and 4.3 GHz (centre frequency 2.0 GHz) have been available now which enable the 3D-
Detection of the reinforcement up to depths of 30 cm. 

Measuring of the Concrete Cover 

Multi-Array Radar-Devices are suitable to detect low-lying reinforcement layers, but are 
not suitable to measure the concrete cover with the typically required accuracy of 1 mm to 
2 mm. According to the related German Technical Bulletin [4] the measurement of the 
concrete cover has to be carried out with reinforcement scanners on the physical basis of 
alternating magnetic fields. 

„Ghost Rebars“  

Specific reinforcement arrangements can lead to measurement artefacts, which display 
rebars which are in fact not existent. These „Ghost Rebars“ are displayed due to specific 
rebar arrangements, diameters, distances and concrete covers. Fig. 3 shows the schematic 
run of the reflections, the hyperbolas of the reflections and the interreflections as well as the 
hyperbolas displayed by the Multi-Array-Radar-Device. 

Problems by using 3D-Analysis Algorithms 

Some Multi-Array-Radar-Devices have 3D-Analysis algorithms which have been 
developed to show the three-dimensional arrangement of the reinforcement. This means 
that the devices interpret all measurement signals as linear measurement signals coming 
from rebars. The detection of other elements like hollow fillers in bridges etc. with these 
algorithms etc. is difficult. Fig.  4 shows the measurement of a bridge deck with hollow 
fillers. The 3D and 2D-Figures show the interpretation of the algorithm of the hollow filler 
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as single rebars. As a consequence, such examinations/detections should be executed on the 
basis of the primary radio signals (A-Scans) or B-Scans, Fig. 5.  

 

 

Fig. 3. Specific reinforcement arrangements can lead to measurement artefacts, which display rebars which 
are in fact not existent.  
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Fig. 4. 3D-Radar image of a bridge deck (figure above) and referring 2D-Radar image (figure below).  
It is not possible to recognize the hollow fillers clearly on the basis of the 3D-analysis algorithm.  

 
Fig. 5. On the basis of B-Scans (linear image of the cross section) the hollow fillers, tendons and rebars  

of the bridge deck can be detected more precisely.  

3.2 Low-Frequency Ultrasonic Echo Technique 

Element walls consist of two outer precast elements which substitute the formwork, the 
space between is filled with in-situ concrete. The final wall element should be a monolithic 
wall, the adhesion joints between the precast elements and the in-situ concrete have to 
ensure the bearing of shear forces. When they are used as walls in ground water areas the 
adhesion joints also have to ensure the water tightness. In practice, honey combs, hollow 
zones, delaminations etc. often occur. This can cause impacts for both the load bearing 
capacity and the water tightness of the building. A frequent NDT task is the assessment of 
these walls with respect to quality and the detection of potential defects.  

It is basically not possible to detect the depth of hollow zones, delaminations etc. 
Air gaps lead to total reflections of the ultra-sonic waves. Depending on the location of the 
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delaminations one cannot distinguish whether the delamination exists only in one adhesion 
joint or both precast elements have no adequate bond to the in-situ concrete. In fact, it is not 
even possible to verify whether there is in-situ concrete inside the element wall at all.  

Fig.  6 shows the possible reflection zones in element walls. The element wall 
shown in Fig. 7 has a 70 cm long delamination between the first precast element and the in-
situ concrete. But it is not possible to further assess whether there is also a delamination 
between the in-situ concrete and the second precast element or whether bigger areas of 
honey combs etc. are existing.  

 
Fig. 6. Possible reflection zones due to delaminations between precast elements and in situ concrete.  

 
Fig. 7. Measurement of an element wall with local delamination (B-Scan).  

 

3.4 Rebar Locators on the Basis of Alternating Magnetic Fields 

3.1.3 “Ghost Rebars”  

Similar to radar testing under specific boundary conditions (diameter of the rebars; space 
between the rebars; concrete cover) it is possible that rebar locators display single rebars 
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which are not existing in reality. The reason for these “Ghost Rebars” is obviously the 
superposition of the detected single magnetic fields, Fig. 8.  

 
Fig. 8. In some cases under special boundary conditions it can happen that rebars are displayed which are not 

existing in reality, obviously due to a superposition of the detected single magnetic fields.  

 

 

4. Conclusions  

The condition of existing structures can be examined by means of NDT-Methods. But all 
NDT-Methods have practical limits due to the physical principles, the performance of the 
NDT devices and the practical and theoretical experience of the users. In many cases for 
difficult testing tasks first test measures on site are advisable. 
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