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Abstract: Currently, the most often NDT methods used in practice to non-destructive rebar location 

in structures are: electromagnetic and radar methods. Both methods have some advantages, 

disadvantages and limitations. In work, an attempt to describe the possibilities of the particular 

methods with emphasizing their advantages and limitations has been made. The results of the tests 

conducted on a lintel beam made of AAC reinforced with small diameter rebars and with rebars 

placed close together have been presented. The reinforcement has been tested with two different 

electromagnetic scanner and a GPR device. The received results of eddy-current tests have been 

compared with the results of NDT tests. It has revealed that NDT tests done in this kind of element 

allow the correct assessment of the concrete cover but can give different results in case of shape and 

number of rebars. 
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1.Introduction 

The yield point or tension strength of the reinforcement steel are the expected values which are 

determining in case of existing reinforced structure. When designing repair or reinforcement need 

analytical testing of load-bearing or defining the durability, in this case, apart from strength features, 

information of the reinforcement geometry and its location in the element are also needed. The 

geometry of the rebars might be obtained with the traditional method, doing outcrops or with 

non-destructive testing [1, 2].  NDT methods are useful especially in case when the surface or 

number of elements necessary for testing are numerous. Electromagnetic and radar methods are 

currently the most often used NDT methods for detection of the reinforcement in the structure [2, 3, 

4]. Both methods have their advantages and disadvantages. It can be assumed that advantages of the 

electromagnetic method are: the accuracy of the measurement and the possibility to determine the 

diameter of the reinforcement. However, there are some disadvantages of it like short range and 

some errors triggered by resolution what is important when rebars are close together(lap splices, 

bundles of bars). The advantage of the radar method is the opportunity of the reinforcement location 

at great depths but there are also more disadvantages like difficulties with the diameter 

measurements and also some measurement errors of the damp structures. Despite continuous 

development, electromagnetic and radar methods are still burdened by some restrictions. In this 

article, some difficulties with the location and reinforcement measurement with radar and 

electromagnetic method tried to be depicted. There have been tested some reinforced lintel beams 

made of AAC with three different types of measurement devices. 
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2. NDT methods accuracy and range of possibilities  

According to definition [5] accuracy is a compatibility level between the obtained result of the 

single measurement and the expected value related to systematic and accidental errors. The accuracy 

of the electromagnetic tests depends especially on location depth, spacing, placing the rebars toward 

the direction of scanning and also the type of reinforcement and the quality of the concrete surface 

[6, 7]. The influence on the accuracy of the tests has also the implemented type of spectral analysis 

and compensation procedures of the systematic measurement errors. . 

The depth of the bars location has the significant influence on accuracy of the diameter 

measurement and even on accuracy of the bars location itself. The maximum depth of reinforcement 

detection depends on the rebars diameter. In case of using unusual diameter in construction 6 ÷ 25 

mm, depending on device which is used, the biggest depth , on which the reinforcement might be 

detected is 100 ÷ 200 mm. Obviously, the closer the rebars are located to the scanning surface the 

accuracy of the measured diameter and the actual diameter is greater. The acceptable measurement 

accuracy ( 5%) of the reinforcement diameter is obtained by putting the rebars to a depth of around 

60 mm. 

The measurement is made with the single-frequency or multi-frequency method. In the 

construction tests of the steel reinforced concrete, multi-frequency signals with sinusoidal 

characteristic are often used. Sinusoidal excitation signal emitted in the depth of the structure, 

depends on time t. That is why, excitation W(t) might be written [8, 9] by harmonic function: 

( ) +=
N

wiwii tsinw)t(W
1

 , (1) 

where:  

wi – the amplitude of the sinusoidal extortion, 

ωi – pulsation of the sinusoidal extortion, 

φwi – phase angle of the sinusoidal extortion. 

  

Assuming that the reinforcement in the tested element would trigger the linear changes of the 

extortion function, signal y(t) received by measuring coil is :  

( ) +=
N

yiiyiiwi ktsinwk)t(y
1

  , (2) 

where:    

kwi – the amplitude factor of the received sinusoidal wave, 

ωyi – pulsation of the received sinusoidal wave, 

kiφ – phase angle change factor of the received sinusoidal wave, 

φyi – phase angle of the received sinusoidal wave. 

 

The assumption of a linear change of the function of sinusoidal extortion indicates that the 

pulsation of the excitation signal and the received signal are equal: 

yiwi  = , (3) 

 

 On this basis function y(t)might be determined according to:  

( ) +=
N

yiiwiiwi ktsinwk)t(y
1

  . (4) 

 

The information about reinforcement geometry is included in coefficients kwi i kφi. Signal y(t) is 

registered to the probe RAM memory. Next the measuring signal is processed most often  

consisting in signal conversion onto digital and spectral analysis. The most important parameters in 

case of reinforcement measurement are amplitude sinusoidal components. Microprocessor of the 
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testing device calculates and analyses measured signal amplitude components and on this basis it 

estimates the diameter and the depth location of the reinforcement. The processing of the measuring 

probes signals is often done with the usage of the inverse model based on dynamic neural nets [10]. 

In article [7] the plain and ribbed rebars location of 12 diameters tests have been presented. The 

tests were done with the usage of four different devices. It has revealed that the measured thickness 

of the concrete cover does not differ more than 4 mm and measured reinforcement diameter not 

more than one gradation. In work [11] the errors of the electromagnetic device measurement with 

dimensions 400x400x250 mm were analysed, made of high compressive strength concrete (average 

71,3 N/mm2). In each slab ,one rebar has been placed. The rebars of 12, 16, 20, 25 and 32 mm diameter 

have been used with 50 and 100 mm covers (in total 10 of test models). In fig. 1 the graph of the 

relative measurement error of the reinforcement diameter in the function of the concrete cover size 

has been shown. The accepted error (<10%) with the usage of till around 40 mm thickness cover has 

been obtained. It must be emphasized that despite of relatively new work [11], the used device was 

not modern. The tests on the models of less compressive strength have not been done so that it is 

hard to define what the influence of the high compressive strength concrete was. In typical 

steel-reinforced concrete structures (beams, slabs, pillars), by standards covers (c ~ 20 – 45 mm), 

available in practice electromagnetic devices allow to do the tests with accuracy of the measurement 

less than 10%. Gradation of bar diameters causes that there are some difficulties in diameter 

differentiation. 

 

 

Figure 1. The error of the diameter reinforcement measurement made with electromagnetic device 

depending on the cover size according to [11] 

In the radar method, the range in the depth of structure depends on concrete structure, kind of 

an antenna and size of the excited impulse frequencies [12, 13, 14]. In typical devices this range is up 

to 750 mm. The image contrast obtained with radar method tests depends on relative difference 

between the fixed dielectric of the bordering on each other materials. There are no difficulties with 

the obtained image interpretation because of the considerable differences in the concrete and steel 

fixed values. The result of the reinforcement location tests ,conducted with radar method are so 

called radargrams, it means, record of all reflected signals registered during passage of measuring 

probe on the element surface. The reinforcement image on radargram is a distortion of course 

contour lines in shape of hyperbola arms directed down the radargram. 

The modern measurement systems do the automatic analyses of radargram, they connect the 

radargrams made close together in one image and they visualize reinforcement in construction in 

legible way for users. It is very often possible to do the special image of the structure with the 

reinforcement with the usage of the additional computer device. The radar devices still do not give 

transparently reinforcement diameters. It can be attempt to do the measurement in 3D model. 

However, in the world literature, it is seen between the forms of hyperbola seen on the radargram 

with the diameter of the reinforcement. It can be expected that the option to determine the 

reinforcement diameter would soon appear in the appliances offered on our market. However, the 

accuracy of the measurement method might be still a problem. Currently the accuracy of the cover 

measurement with radar method made by the best devices is defined as ± 5 – 10 mm. 
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In papers [15, 16, 17, 18, 19, 20, 21] have been noticed that the shape of hyperbola describing the 

reinforcement on radargram depends on wave propagation speed υ time t0 passage of measuring 

probe above the testing reinforcement. The time of the measuring probe passage, it means the time 

from the moment when the device registers the reinforcement for the first time till the moment when 

it stops to register it. The speed of the wave propagation influences on hyperbola curve, but the time 

of the probe passage on the range of its arms. Knowing the parameter values a and b hyperbola b 

(fig. 2), their relation with the reinforcement diameter ϕ, wave propagation speed υ and time of 

probe passage t0,  on the tested reinforcement might be written as following: 

 



+= 0ta , (5) 









+=



0

2
tb . (6) 

The wave propagation speed υ and time t0 passage of the measuring probe registered by 

measuring device and parameters a, b might be obtained from radargram. So nothing stand on the 

way to determine the reinforcement diameter ϕ from the formulas (5 and 6). The possibility of the 

usage this kind of method to determine the reinforcement has proved in work [22], where in the 

laboratory conditions obtained the measuring error of the steel pipes and cables diameters of 

1.7÷5.3%.  

 

Figure 2. Assumptions to derivation of the formulas (5 i 6), 1 - hyperbola asymptotes  

In work [23] different way of defining diameter has been presented. It has been adopted that the 

impulse distribution angle from the transmitting antenna is 90° (fig. 3). With this assumption the 

rebar diameter might be determined without taking into account the wave propagation speed υ and 

time t0 passage of the measuring probe above the tested reinforcement. The diameter of the 

reinforcement ϕ might be determined according to: 

YXL 2222 −−= , (7) 

where: 

L, X, Y – geometric data according to fig. 3. 
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Figure 3. The principles to derivation of the formula (7), 1 - hyperbola asymptotes, 2 – the angle of 

impulse distribution from antenna, 3 – measuring probe 

In works [24, 25] connecting the electromagnetic and radar advantages has been suggested. The 

tests were conducted on the specimens placed in pen and in concrete. The rebars diameter has been 

tested in rebar labs. It has been proved that the electromagnetic method does not give the correct test 

results because the reinforcement is placed too close together. On the basis of the conducted tests the 

empirical formulas have been developed for estimating the diameter of the touching rebars in the 

area of rebar lab. The diameter estimation accuracy has been obtained at the level of 2.35%. It has to 

be noticed that the empirical formulas have some usage restrictions to the tested reinforcement and 

concrete.  

To sum up, it has to be claimed that the advantage of the devices working according to the 

electromagnetic method is high accuracy within small depth of measurement. The disadvantage of 

those devices is small range of diameter measurement , limited to about 6 cm. Radar devices have 

much bigger range (even to 75 cm), however in the devices available on market there is no 

possibility of diameter measurement. In the world, there are some developing methods for diameter 

determining on the basis of radargram measurement obtained from the radar tests. Surely, the radar 

devices with the possibility of diameter measuring would appear on our market soon. 

3. Tested specimens 

In order to verify the accuracy of the NDT methods , some tests on widely used lintels made of 

AAC with a width of b = 180 mm, height h = 240 mm and total length of L = 2000 mm were 

conducted. AAC of the elements has the strength of f = 4 N/mm2. The detailed results of the material 

lintel research have been attached in works [26, 27, 28]. The lintel reinforcement was made of steel at 

yield point of 500 N/mm2 ( B class, according to EN 1992-1-1:2008). Longitudinal rebars were at 

diameter of 8 mm (three rebars down and two rebars up). Longitudinal reinforcement in the form of 

open stirrups made of diameter rebars at 4,5 mm. The stirrups were placed along the length in the 

fixed spacing of 150 mm (fig. 4). The longitudinal reinforcement and stirrups were heated and 

covered with corrosion-resistant coating made of resin.  

 

 

Figure 4. The beam used in tests 
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Two beams were chosen to the tests. In order to make a precise location of the reinforcement, in 

the tested beams the both ends were broken down and the reinforcement was measured– fig. 5. In 11 

places on the lateral surfaces and in 8 points (between the stirrups) from the bottom (at place of 

non-destructive testing measurements) made tiny openings (diameter 2 mm) in order to measure the 

actual reinforcement cover – cobs with accuracy of Δcobs = ± 0,1 mm. Because the both beams location 

was the same the tests were conducted only on one of them. 

 

 

Figure 5.  The view of the tested elements with the broken down reinforcement at the ends  

4. Applied research equipment  

The tests were conducted with the usage of two electromagnetic scanners and one GPR device. 

(fig. 6). The accuracy of the measurement depth of each device was the same, Δcobs = ± 1.0 mm. The 

tests were done with every device by scanning the same beams’ places on the lateral surface and 

from the bottom. On the lateral surface rebars the stirrups’ rebars were detected, but from the 

bottom the primary reinforcement has been tested. The tests were conducted with linear and surface 

scans. The places of the tests have been pointed on fig. 7.  

 

 

Figure 6. The view of devices used in tests, (a) electromagnetic device (1), (b) electromagnetic device 

(2), (c) radar device (3) 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 3 January 2019                   Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 3 January 2019                   doi:10.20944/preprints201901.0014.v1

http://dx.doi.org/10.20944/preprints201901.0014.v1


 

 

Figure 7. Places of the lintel tests: a) Stirrup tests – area scan, b) Stirrup tests – linear scan, c) main 

reinforcement test – area scan, d) main reinforcement test – linear scan 

5. The test results 

5.1. Stirrup tests 

The stirrups tests made from the beam side, as the linear and surface scans. On the basis of 

linear scans only the reinforcement location might be determined (spacing and concrete cover). In 

fig. 8 has been shown the comparison of the linear scan example results done with electromagnetic 

devices and radar device (radargram). In fig. 9 were shown some surface scan examples done with 

electromagnetic device 1 and radar device 3. 

The measurements result of 11 inner stirrups of the beam have been presented in table 1 along 

with the estimators of uncertainty according to [29]. Adopted that the uncertainty of calibration 

equals the accuracy of the particular devices but experimenter's uncertainty and random uncertainty 

has been missed. The actual average stirrups’ cover was cobs = 28.3 mm, with the standard deviation 

0.87 mm and coefficient of variation of 3%. Estimated average reinforcement cover with the standard 

uncertainty was 3 ± 0.3 mm (level of certainty 68.3%),and the cover with taking into account the 

maximum uncertainty with the level of certainty 99.7% stood at 28.3 ± 0.9 mm. The reinforcement 

nominal cover was cnom = 25 mm, and executive deviation allowed by EN 13670 [30] norm was 

Δminus = 10 mm. The obtained result of the direct measurements was within determined limits. And 

with other methods obtained the average covers at 27 mm, 28.6 mm and 27 mm, but standard and 

maximum deviations did not exceed ±0.3 mm and ±1.0 mm. Obtained minimum covers measured 

with every NDT methods were bigger than minimum cover determined with taking into account 

dimension deviation. The reinforcement diameter was determined only with electromagnetic 

scanner 1. The obtained result equal to 6 mm, with the actual diameter at 4.5 mm. However, the 

manufacturer declares the rebars location at diameter from 6 mm. 
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a) 

 
b) 

 
c) 

 

Figure 8. Linear scans with devices: (a) electromagnetic 1, average cover of the visible results– 27,8 

mm, (b) electromagnetic 2, average cover – 28,6 mm, (c) radar 3, average cover 27 mm 

a) 

 
b) 

 

Figure 9. Surface scans with electromagnetic devices, (a) 1, average cover of the visible results– 27,8 

mm, (b) radar 3,– 27 mm 
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Table 1. The reinforcement stirrups measurement results made with each method 

Number of measuring 

point 

Measured cover according to method,, mm 

Direct method, cobs 

Electromagnetic 

device 

(1) 

Electromagnetic 

device 

 (2) 

Radar device 

(3) 

1 30.1 27 28.9 27 

2 28.1 28 28.6 27 

3 28.3 28 29.1 27 

4 28.2 28 28.1 27 

5 29.1 27 28.6 28 

6 27.3 27 28.2 27 

7 27.9 27 28.7 27 

8 26.9 28 28.3 27 

9 28.3 27 28.4 27 

10 28.2 27 28.6 27 

11 29.0 28 28.7 28 

Average cover, cobs: 28.3 27 28.6 27 

Nominal cover, cnom: 15 mm ≤ cnom ≤ 25 mm 

Uncertainties of the 

calibration Δcobs 
0.1 1.0 0.1 1.0 

Standard deviation, s: 0.87 0.52 0.30 0.40 

 Standard deviation of 

the mean value , 

n

s
s =  

0.3 0.2 0.1 0.1 

Standard deviation of 

the calibration 

3
obs

d

c
S


=  

0.1 0.6 0.1 0.6 

Standard uncertainty 

22 sSS dc +=  
0.3 1 0.1 1 

Result with standard 

uncertainty 

cmv Sc   

28.3±0.3 27±1 28.6±0.1 27±1 

Maximum uncertainty 

scc obs 3+=   
0.9 1 0.4 1 

Result with maximum 

uncertainty 

 ccmv   

28.3±0.9 27±1 28.6±0.4 27±1 

Minimum cover cmin 27.4 26 28.2 26 
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5.2. The primary reinforcement tests 

The aim of the primary reinforcement tests, made from the beam bottom, was to determine the size 

of the cover and primary reinforcement diameter and amount (diameters were determined only in 

case of electromagnetic scans). In fig. 10 the obtained results of electromagnetic tests comparison has 

been shown. The surface scan (fig. 10a), was done with electromagnetic device 1 and linear scan (fig 

10b) with electromagnetic device 2. Both devices do not give the correct number of rebars. The 

device 1 detected two rebars instead of three but it measured diameter quite correctly. However, the 

device 2 detected only one rebar and gave the diameter equal 18 mm. The radar scanner 3 detected 

only one rebar in the linear scan as also in the surface scan. (fig. 11). 

The measurement results have been presented in table 2 along with the estimators of 

uncertainty according to [29]. Adopted the same assumptions as with the stirrup uncertainty 

location analysis. There were some difficulties with the comparison of the measurement results with 

the actual results because every device detected the number of rebars less than it really was. Finally, 

adopted that the electromagnetic test results, device 1 (fig. 10a) were compared with the actual 

measurements made on the extreme rebars in the drillings made in places where the electromagnetic 

measurements were done (8 measurement points). In case of 2 and 3 devices, which detected one 

rebar, the value from drillings were compared with the value measured for one rebar. So in the 

measurement points 1 and 5, 2 and 6, 3 and 7, 4 and 8 (fig. 10a) the same values were given in table 2. 

 

a) 

 
b) 

 

Figure 10. Electromagnetic devices scans, (a) device 1, two rebars detected, average cover of the 

visible results – 33,6 mm, diameter 6-8 mm, (b) device 2, one rebar detected, average cover of the 

visible results – 28 mm, diameter 18 mm 
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Figure 11. Scans of the radar device: 3, one rebar has been detected, (a) linear scan (radargram), (b) 

surface scan  

The average actual cover of the longitudinal rebars was cobs = 29,2 mm, with the standard 

deviation at 0,7 mm and coefficient of variation of 2.4 mm. Estimated average reinforcement cover 

with the standard uncertainty was 29.2 ± 0,3 mm (level of certainty 68,3%),and the cover with taking 

into account the maximum uncertainty with the level of certainty 99.7% stood at 29.2 ± 0.8 mm.  

 The reinforcement nominal cover was cnom = 25 mm, and executive deviation allowed by [30] 

norm was Δminus = 10 mm. So that, the obtained result of the direct tests was within determined 

limits. For the remaining methods, medium-sized covers equal 34 mm, 27.5 mm and 31 mm were 

obtained. Standard deviations mostly did not exceed ± 1 mm, and maximum ± 4 mm. Obtained 

minimum covers were bigger than minimum values taking into account the executive deviations.  

In case of primary reinforcement tests (beam from the bottom) obtained much bigger deviations 

than in case of stirrup tests. (beam on the side). It must be emphasized that every device used in the 

tests did not detect the actual rebars number of the primary reinforcement. That is why, the result 

was burdened by a serious error resulted from the wrong reading of rebars’ number by the research 

devices. 
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Table 2. The measurement results of the primary reinforcement of every method 

Number of measuring 

point 

Measured cover according to method, mm 

Direct method, cobs 

Electromagnetic 

device 

(1) 

Electromagnetic 

device (2) 

Radar device 

(3) 

1 29.1 30 26.2 31 

2 28.8 32 27.3 30 

3 28.7 35 28.1 31 

4 29.2 37 28.4 32 

5 29.1 30 26.2 31 

6 28.9 32 27.3 30 

7 29.2 35 28.1 31 

8 30.9 37 28.4 32 

Average cover, cobs: 29.2 34 27.5 31 

Nominal cover, cnom: 15 mm ≤ cnom ≤ 25 mm 

Uncertainties of the 

calibration Δcobs 
0.1 1.0 0.1 1.0 

Standard deviation, s: 0.70 2.9 0.9 0.8 

Standard deviation of 

the mean value, 

n

s
s =  

0.2 1.0 0.3 0.3 

Standard deviation of 

the calibration 

3
obs

d

c
S


=  

0.1 0.6 0.1 0.6 

Standard uncertainty 

22 sSS dc +=  
0.3 1 0.3 0.6 

Result with standard 

uncertainty 

cmv Sc   

29.2±0.3 34±1 27.5±0.3 31±0.6 

Maximum uncertainty 

scc obs 3+=   
0.8 4 1.1 2 

Result with maximum 

uncertainty 

ccmv   

29.2±0.8 34±4 27.5±1.1 31±2 

Minimum cover cmin 28.4 30 26.4 29 

 

6. Conclusion 

The conducted tests have proved the occurrence of the restrictions of both the most popular 

methods used for location the reinforcement in the structure. The devices are able to detect the 

rebars even of small diameters, on condition that, they are located in a large spacing. The 

reinforcement scanners have some difficulties with the correct defining number and diameter of 

rebars placed close together. 
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The results obtained at range of measured covers with usage of electromagnetic and radar 

devices did not differ in terms of average value and in case of actual cover the differences did not 

exceed few percent.  It has not been observed clear tendency which let to claim that one of the 

method distorts in artificial way indications, for instance due to the simplification for measurement 

method validation. 

The works leading to connect both methods, consisting in connecting scans with the devices 

operating according to the electromagnetic and radar method, seem to be reasonable. Hybrid 

devices should let to do more accurate results, especially at range of diameter reinforcement 

measurement. 
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